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1. Synthesis of Lipophilic Chemotherapeuticals. Part I. 
By ERNsT BERGMANN and L. HASKELBERG. 


Experiments are recorded on the synthesis of representatives of known (and new) 
chemotherapeutically active types, which contain fatty or steroid residues and are, 
therefore, expected to show lipophilic character. The types investigated are quinine, 
azo-dyes, arsanilic acid, azo-systems containing arsonic acid groups, and quinoline. 
Some synthetic experiments in the acridine and the cetylaniline series are also reported. 

4-Cetylaminoazobenzene-4’-arsonic acid exhibits a surprisingly low toxicity. 


THE systematic synthesis of substances expected to have chemotherapeutical value is 
based on Ehrlich’s postulate that they should have affinity for the tissue forming the 
cell-wall of the parasite but not for that of the host. There are still a few maladies in which 
chemotherapeutical investigations have had but little success, e.g., tuberculosis, leprosy, and 
parasitic diseases of the Theileria type. 

In seeking a new type of chemotherapeutical, intended to have affinity to the lipoids 
and not to the proteins, we were influenced by two considerations: (i) the cell-walls of 
tubercle and of leprosy bacilli are known to consist largely of lipoid material, so it was 
expected that they would exhibit a selective affinity for lipophilic substances; (ii) such 
substances should be effective in all those cases in which the infected tissue is lipoidal in 
character. We have therefore started experiments in two directions: (a) introduction 
of ‘‘ fatty ’”’ radicals (long-chain alkyls and acyls, steroid residues) into substances known 
to contain chemotherapeutically active groups, and (b) synthesis of ‘‘ fatty ’’ substances 
containing chemically active groups not yet known to have any chemotherapeutical 
effect. 

Certain representatives of the first group had previously been prepared for other 
purposes, especially dyes containing long-chain alkyl groups (e.g., Seidel and Engelfried, 
Ber., 1936, 69, 2567; I.G. Farbenind. A.G., Chem. Cenir., 1937, I, 3551; du Pont de 
Nemours et Cie, ibid., p. 4396; II, 4238), and 30 years ago Sulzberger (ibid., 1907, II, 1668; 
1908, I, 1011) emphasised the remarkable physical properties of “‘ fatty azo-dyes.” 

With regard to the second group, it is known that quaternary ammonium salts 
containing long-chain alkyl groups are powerful disinfectants; further, von Jancso and von 
Jancso (ibid., 1935, I, 4666) reported the curative action of synthalin and synthalin B 
(deca- and dodeca-methylenediguanidine) on trypanosomiasis of mice, and ascribed the 
effect to an indirect influence of the synthalins on the trypanosomes via a change in the 
carbohydrate metabolism. This need not be correct, for we found some time ago that 
certain members of the above-mentioned group of quaternary ammonium salts have 
chemotherapeutical activity and, being neither dyes nor derivatives of arsenic, antimony, 
or bismuth, constitute a new type of drug. Moreover, the branched chains are now under 
investigation, for they are easily available by Weizmann, Bergmann, and Haskelberg’s 
modification (Chem. and Ind., 1937, 56, 587; cf. Lourie and Yorke, Ann. Trop. Med., 
1937, 81, 435) of Guerbet’s method. Since King,. Lourie, and Yorke (Lancet, 1937, 283, 
1360) have made an analogous observation on the effect? of. long-chain diamidines on 
trypanosomiasis, we report our synthetic experiments,.al/hough’ both :these. ‘and ‘the : 
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physiological tests are in a preliminary stage. These experiments were inaugurated by 
Prof. S. Adler, of the Hebrew University, Jerusalem, and have been carried out in close 
collaboration with him and with his co-workers, to whom we express our thanks. 

(1) Quinine derivatives. (i) Stearoylquinine was prepared by means of stearoy] 
chloride. (ii) Quinine reacted smoothly with cholesteryl chloroformate (the bromide 
failed to react). In both cases the hydrochlorides obtained were converted into the free 
bases, which lack the characteristic bitter taste of quinine. 

(2) Azo-dyes. In view of the biological affinity of azo-dyes, benzeneazo-«- and -8- 
naphthylamine have been condensed with both stearoyl chloride and cholesteryl chloro- 
formate, giving crystalline derivatives. 


NIN >AsOsH, CH=N— NHEt 
(1, 
me hele 24 


(3) Arsenicals. Arsanilic acid was treated with palmitoyl chloride, stearoyl chloride, 
and cholesteryl chloroformate; the crystalline derivatives did not melt but decomposed 
at high temperatures. 4-Arsonobenzeneazo-$-naphthylamine (I) has been condensed 
with palmitoyl chloride and with cholesteryl chloroformate; and analogous systems 
containing the azo-group, arsenic, and long-chain alkyls have been synthesised from 
diazotised arsanilic acid by coupling with cetylaniline, N-(2-ethylhexyl)aniline, and N- 
(2-ethylhexyl)-8-naphthylamine (Weizmann, Bergmann, and Haskelberg, Joc. cit.). Among 
these substances, 4-cetylaminoazobenzene-4’-arsonic acid is noteworthy, for doses as 
large as 1-6 g. per kg. proved non-toxic to mice. The influence of chain-length on the 
toxicity in this series is being investigated. 

(4) Quinoline derivatives. In view of the fundamental importance of “‘ plasmoquin ”’ 
(8-amino-6-methoxyquinoline) for the synthesis of antimalarials (cf. Robinson ef al., J., 
1934, 1264, 1267, 1322, 1520, 1524, and earlier work; Magidson ef al., Arch. Pharm., 
1933, 271, 359; 1934, 272, 74; 1935, 278, 320), its N-palmitoyl derivative was prepared, 
as well as its reaction product with cholesteryl chloroformate. 

(5) Acridine derivatives. 5-Methylacridine (Blum, Ber., 1929, 62, 881) could easily be 
condensed with #-nitroso-N-ethylaniline to yield (II), but the imino-hydrogen atom in this 
did not react as expected with cholesteryl chloroformate or stearoyl chloride, the former 
giving, as one product, white crystals, Cs9H,;N,, and the latter an amorphous olive-coloured 
substance. It is therefore proposed to start with the fairly readily accessible 5-acridyl- 
aldehyde (Kaufmann and Valette, Ber., 1912, 45, 1740), or with 5-methylacridine 
methiodide, for quaternary salts of heterocyclic bases are much more reactive than the 
bases themselves (see Scheuing and Winterhalder, Anmalen, 1929, 473, 126), and this 
methiodide reacts smoothly with m-nitrobenzaldehyde, affording 5-(m-nitrostyryl)acridine 
methiodide. 

(6) Some fruitless attempts are described to prepare #-nitroso-N-cetyl-, -N-cholesteryl-, 
and -N-methyl-N-cetylaniline. In the first two cases, rearrangement experiments with the 
N-nitroso-compounds resulted merely in removal of the nitroso-group (cf. Hickinbottom, 
J., 1933, 946). 

From N-methylaniline and cholesteryl chloroformate cholesterylaniline was formed. 

The fact that the hydrochlorides of cetyl-aniline and -methylaniline are easily soluble 
in light petroleum (cf. idem, J., 1937, 1119) shows the influence of the long-chain alkyls 
on the physical properties of these substances. 


EXPERIMENTAL. 


(1) Quinine Derivatives.—(i) When quinine (0-02 mol.) and cholesteryl chloroformate (0-02 
mol.) (Wieland, Pascual Vila, and Honold, Z. physiol. Chem., 1923, 180, 335) in toluene (30 c.c.) 
were heated for 1 hour on the water-bath, a hydrochloride separated. After recrystallisation 
from methanol, it had m: p, 246—247° (decomp,); it was easily soluble in chloroform, but 
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insoluble in ether, water, and light petroleum (Found: N, 3-5. C,,H,,0,N,,HCl requires 
N, 36%); al?’ + 0-09°; [a«]}” + 8-4° (1 = 1; ¢ = 1-07 in chloroform). The free base was 
prepared by treating a hot benzene solution of the hydrochloride with concentrated ammonia 
solution, and evaporating the benzene. The viscous residue was dissolved in hot acetone and 
crystallised, on cooling and scratching, in needles, m. p. 150° (Found: N, 4:0. C,,H,,0,N, 
requires N, 3-8%); [a]}?" — 2-0° (J = 1; ¢ = 1-28 in chloroform). 

(ii) Stearoylquinine hydrochloride was obtained by heating equivalent weights of quinine 
and stearoyl chloride for 6 hours in benzene solution at 100°. It was soluble in water, alcohol, 
chloroform, insoluble in acetone, ethyl acetate, and ether, and was purified by precipitation of 
its alcoholic solution with ether; m. p. 227—-228° (decomp.) (Found: N, 4-6. C,,H;,0;N,,HC! 
requires N, 45%). The free base, prepared with ammonia in aqueous solution, formed 
a gelatinous product from boiling ligroin. 

(2) 1-Benzeneazo-2-stearoylaminonaphthalene.—-Stearoyl chloride (0-05 mol.) and benzene- 
azo-8-naphthylamine (0-05 mol.) were heated in ethereal solution with potassium carbonate 
(0-05 mol.) for 12 hours. The filtered solution was evaporated, and the residue recrystallised from 
a small amount of alcohol. The substance, which was easily soluble in all organic solvents, 
formed orange-red needles, m. p. 88° (Found: C, 79-3; H, 9-1; N, 8-4. C,,H,,ON; requires 
C, 79-5; H, 9-2; N, 82%). 

Benzeneazo-B-naphthylamine and Cholesteryl Chloroformate.—The reagents (0-05 mol. each) 
and potassium carbonate (0-05 mol.) were heated in benzene solution for 6 hours. Isolation as 
above gave needles, m. p. 196°, from benzene, soluble in chloroform and hydrocarbons, insoluble 
in water, sparingly soluble in alcohol and acetone (Found: N, 6-3. C,,H,;,0O,N; requires N, 
6-4%). 

4-Benzeneazo-1-stearoylaminonaphthalene.—Prepared from benzeneazo-a-naphthylamine (see 
isomer, above), this formed reddish needles, m. p. 140-5°, from light petroleum or alcohol (Found : 
N, 8:6. C,,H,,ON; requires N, 8-2%). 

Benzeneazo-a-naphthylamine and Cholesteryl Chloroformate-—This product was prepared as 
for the B-isomer, but in ethereal solution with 8 hours’ heating; it separated from methyl 
ethyl ketone in brown-red crystals, m. p. 193° (Found: N, 6-5. (C,,H,,O,N; requires N, 6:4%). 

p-(Cholesterylcarbamido)phenylarsonic acid was prepared from sodium arsanilate and 
cholesteryl chloroformate (see Lieb et al., Annalen, 1935, 509, 222; 1936, 512, 89) (Found: N, 
2-6. Calc. for C,,H;,0;NAs: N, 2-2%). 

(3) Arsenicals.—N-Palmitoylarsanilic acid. Atoxyl (6-9 g.), stearoyl chloride (8-7 g.), 
and benzene (60 c.c.) were shaken together at 60° for 24 hours. The mass was centrifuged, the 
solid phase washed with benzene and with water, and recrystallised from alcohol, giving needles, 
insoluble in water, soluble in olive oil (Found: N, 3-3. C,,H;,0,NAs requires N, 3-1%). N- 
Stearoylarsanilic acid was similarly prepared and recrystallised. Owing to the presence of 
arsenic, the analysis for carbon was unsatisfactory (Found: C, 57-7; H, 8-8. C,,H,,0,NAs 
requires C, 59-6; H, 8-7%). 

4-Arsonobenzeneazo-B-naphthylamine and palmitoyl chloride. The azo-compound was 
prepared according to Ehrlich and Bertheim (Ber., 1907, 40, 3286) and isolated as hydrochloride 
(Found: N, 99. Calc. for C,,H,,O,;N,As,HCl: N, 10-3%). Its sodium salt (4 g.) and 
palmitoyl chloride (2-7 g.) were mixed in benzene (50 c.c.). Reaction took place immediately 
and was completed by 2 hours’ heating. The benzene was evaporated, the residue dissolved in 
alcohol, sodium chloride filtered off, and the solution evaporated. Purified by dissolution in 
sodium hydroxide solution and precipitation with dilute hydrochloric acid, the substance formed a 
crystalline powder, decomp. 294° (shrinking at 270°) (Found: N, 7-6. C,,H,,0,N,As requires N, 
70%). 

4-Arsonobenzeneazo-B-naphthylamine and cholesteryl chloroformate. The sodium salt of the 
azo-compound (4 g.) and cholesteryl chloroformate (4-5 g.) in xylene (50 c.c.) were boiled for 
4hours. The solution was evaporated, the residue triturated with alcohol, dissolved in sodium 
hydroxide solution, and precipitated with dilute hydrochloric acid. The crystals were again 
dissolved in alcohol containing hydrochloric acid, and precipitated with water; m. p. 290° 
(decomp.) (Found: N, 5-6. C,,H;,0,;N;As requires N, 5-3%). 

4-Cetylaminoazobenzene-4'-arsonic acid. Arsaniiic acid (4-3 g.) was dissolved in water (50 
c.c.) containing concentrated sulphuric acid (1-65 c.c.) and diazotised at 0° with sodium nitrite 
(1-4 g. in 7 c.c. of water). To this solution, N-cetylaniline (6-4 g.) in glacial acetic acid was 
added. After 12 hours, the red acid was collected and twice recrystallised from alcohol; m. p. 
283° (decomp.) (Found: N, 8-2. C,,H,,O,;N,As requires N, 7-7%). 

1-4'-Arsonobenzeneazo-2-octylaminonaphthalene. A solution of diazotised arsanilic acid 
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(21-7 g.) was diluted with glacial acetic acid (100 c.c.), and octyl-8-naphthylamine (25-5 g.) in 
glacial acetic acid (150 c.c.) added. After 12 hours, the acid was completely salted out by 
concentrated sodium acetate solution, collected, and recrystallised from glacial acetic acid or 
alcohol; m. p. 206° (decomp.) (Found: N, 9-2. C,,H3,0,N,As requires N, 8-8%). 

4-Octylaminoazobenzene-4'-arsonic acid. The reaction and purification were carried out 
exactly as for the cetyl compound; the acid was a dark red crystalline powder; m. p. 155° 
(decomp.) (Found: N, 9-8. C,9H,,0,;N;As requires N, 9-7%). 

(4) Quinoline Derivatives.—6-Methoxy-8-cholesterylcarbamidoquinoline. 8-Amino-6-methoxy- 
quinoline (5-1 g.) and cholesteryl chloroformate (13-2 g.) in toluene (100 c.c.) were boiled 
for 6 hours in presence of potassium carbonate (2 g.). The solution was filtered, and 
evaporated in a vacuum, and the residue triturated with acetone (20 c.c.). The needles were 
twice recrystallised from ethyl acetate; m. p. 129°; yield, 11-2 g. (Found: C, 77-9, 77-6; H, 
9-5, 9-6. C3,H,;,0O,N, requires C, 77-8; H, 9-2%). The hydrochloride, prepared with alcoholic 
hydrochloric acid, formed yellow needles, which, after recrystallisation from amyl alcohol, had 
m. p. 165°. 

8-Palmitamido-6-methoxyquinoline. 8-Amino-6-methoxyquinoline (3-4 g.), palmitoyl 
chloride (5-4 g.), and potassium carbonate (2-8 g.) were boiled with ether (50 c.c.) for 5 hours. 
The ether was evaporated, and the yellow residue treated with dilute potassium hydroxide 
solution, filtered off, washed with water, and recrystallised from light petroleum, then from 
alcohol, giving colourless leaflets (7 g.), m. p. 74—75° (Found: C, 75-5, 75-1; H, 9-5, 9-6; N, 
7:1; OMe, 7-6. CygHyO,N, requires C, 75-7; H, 9-7; N, 6-8; OMe, 7-55%). 

(5) Acridine Derivatives.—5-Acridylaldehyde-p-ethylaminoanil (II). Equivalent. weights 
of 5-methylacridine and p-nitroso-N-ethylaniline (Fischer, Ber., 1886, 19, 2993; Amnnalen, 1895, 
286, 156) were heated for 2 hours at 100° and for 1 hour at 130°. By trituration with alcohol 
the mass was converted into brown-red crystals, which, recrystallised from pyridine—benzene, 
had m. p. 210° (Found: N, 12-9. C,,.H,,N; requires N, 129%). The anil (5 g.), heated with 
stearoyl chloride (6 g.) at 100°, gave an olive-coloured, amorphous product, insoluble in water 
and light petroleum, soluble in all the other usual organic solvents. 

The analogous reaction of the anil (3-3 g.) with cholesteryl chloroformate (4-5 g.) in toluene 
(20 c.c.) gave in 12 hours at 100° a crystalline mass, which was extracted with alcohol. The 
residue was amorphous; the extract, on cooling, deposited microscopic crystals, which were 
recrystallised from glacial acetic acid and were then chlorine-free; m. p. 232° (Found: C, 
80-9, 80-6; H, 10-1, 10-5; N, 9-3; M, in camphor, 500. C,,H,;N, requires C, 80-5; H, 10-0; 
N, 94%; M, 447). 

5-Methylacridine methiodide. Reaction between acridine (32-1 g.) and methylmagnesium 
iodide (2-43 g. of magnesium, 6-5 c.c. of methyl iodide) afforded a blue solution, which after 
treatment with ice and dilute hydrochloric acid deposited 5: 10-dimethyl-5 : 10-dihydro- 
acridine; this was recrystallised from alcohol (yield, 9 g.), then dissolved in alcohol, treated with 
iodine (11 g.), and the red-brown precipitate washed with sodium bisulphite solution, water, and 
methyl alcohol. 

5-(m-Nitrostyryl)acridine methiodide. The foregoing methiodide (3-4 g.) and m-nitro- 
benzaldehyde (1-5 g.) were mixed with alcohol (10 c.c.); on addition of piperidine (1 c.c.), a 
green homogeneous liquid mass was obtained, which turned brown. On standing, the product 
separated as a viscous oil. It was triturated with acetone, filtered off, and recrystallised from 
glacial acetic acid, forming dark orange-red prisms (black in thick layers), m. p. 232° (decomp.) 
(Found: N, 5-7. C,,H,,N,I requires N, 6-4%). 

(6) Cholesteryl chloroformate (4-5 g.) and N-methylaniline (3 g.) were boiled together for 
3 hours, and poured into dilute hydrochloric acid; the cholesterylaniline which separated Was 
crystallised from butyl alcohol, forming silky leaflets, m. p. 189°. 

N-Nitroso-N-cholesterylaniline. Cholesterylaniline (12 g.) was mixed with concentrated 
hydrochloric acid (5 c.c.) and water (100 c.c.) at 5°, and sodium nitrite (2 g.) in water (10 c.c.) 
added dropwise. The mass was extracted with ether, the ether evaporated, and the residue 
recrystallised from alcohol-ether; needles, m. p. 147-5° (Found: C, 80-2; H, 10-4; N, 5-9. 
Cy3H ON, requires C, 80-8; H, 10-2; N, 5-7%). When treated in ethereal solution with 
concentrated alcoholic hydrochloric acid, this afforded cholesterylaniline hydrochloride. 

Cetylaniline was prepared by heating together for 6 hours 1 mol. of cetyl bromide and 3 mols. 
of aniline, and pouring the mass into cold water; m. p. 42° from methanol (cf. Dridau, 
Annalen, 1852, 88, 20; Hickinbottom, J., 1927, 1120). The Aydrochloride crystallised from 
alcohol, acetone, or light petroleum in shining leaflets, m. p. 102°, insoluble in water (Found: N, 


4-0. Calc. for C23H,,N,HCl: N, 4:0%). 
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N-Nitrosocetylaniline. To a well-cooled mixture of cetyl aniline (16 g.), concentrated 
hydrochloric acid (25 c.c.), and water (100 c.c.), amyl nitrite (10 g.).in ether (150 c.c.) was added 
dropwise. The mass was stirred until all the organic material dissolved, the solution was washed 
with water, dried, and evaporated in a vacuum, and the residue recrystallised from alcohol, 
giving needles, m. p. 53° (Hickinbottom, Joc. cit., gives 40—41°) (Found: C, 76-0; H, 11-5. 
Calc. for C,,H,;,ON,: C, 75-9; H, 11-0%). 

N-Methyl-N-cetylaniline hydrochloride. Cetyl bromide (15 g.) and N-methylaniline (15 g.) 
were boiled for 3 hours, and the mass poured into dilute hydrochloric acid; the hydrochloride 
which separated was collected and recrystallised from acetone, then from light petroleum ; 
leaflets, m. p. 104°; yield, 12 g. (Found: N, 4:0. C,;H,,N,HCI requires N, 3-8%). 


THE DANIEL SIEFF RESEARCH INSTITUTE, 
REHOVOTH, PALESTINE. [Received, August 3rd, 1938.] 





2. The Reaction between Oxygen and Nitric Oxide. 
By E. M. STODDART. 


Baker’s observations on the non-interaction between intensively dried oxygen 
and nitric oxide can be repeated, if care is taken to ensure that mixing takes place 
entirely in the oxygen-containing bulb. Admission of water to the non-reactive 
gases has no effect, and therefore inhibition of reaction is wholly due to surface 
conditions of the containing vessels, “drying” in itself having no effect. It 
is suggested that the drying removes the adsorbed water film from the glass vessels, 
thus allowing the surfaces to adsorb a complete gas film in its place. When this gas 
film is oxygen, no reaction occurs in the mixed gases, but when the gas film is nitric 
oxide, reaction is possible. 

There is evidence for assuming a temporary association of nitric oxide molecules 
in the form of a complex, the life of which diminishes with rise of temperature. This 
complex is best formed when the nitric oxide molecules are held close together by 
adsorption on glass surfaces, and it is this complex molecule which reacts with oxygen 
to form nitrogen dioxide. When conditions are such that this complex is not formed 
(.e., when nitric oxide is passed into oxygen, contained in a vessel with oxygen 
strongly adsorbed on its walls), reaction does not occur. 


HINSHELWOOD (“ The Kinetics of Chemical Change in Gaseous Systems,” Oxford, 3rd 
edtn.) points out that intensive drying should not, theoretically, influence the rate of a 
true homogeneous reaction, although it may influence the rate of heterogeneous reactions, 
since the adherence of water to a surface alters the nature of the surface and therefore its 
influence on the reaction. These conclusions are well borne out by observations on the 
effect of moisture on the rate of union of hydrogen atoms in glass vessels at low pressures 
(Wartenburg and Schultz, Z. physikal. Chem., 1930, B, 6, 261) and also on the rate of union 
of oxygen atoms under similar conditions (Copeland, Physical Rev., 1930, 36, 1221). If 
an apparently homogeneous reaction is influenced to a small extent by changes in the 
nature of the surfaces’ present, it is not entirely a homogeneous change, and intensive 
drying may be expected to affect its rate. ; 

The reaction between oxygen and nitric oxide is said to be termolecular and 
homogeneous (Bodenstein, Z. physikal. Chem., 1922, 100, 68), and consequently it should not 
be influenced by conditions of the containing walls, 7.e., by intensive drying. Although 
Armstrong (Proc. Roy. Soc., 1884, 40, 288) predicted that the dried gases would not react, 
Emich (Monatsh., 1892, 18, 86) found that the gases reacted just as usual after drying 
over alkali, followed by phosphoric oxide. Baker (J., 1894, 65, 611) found that nitric 
oxide prepared by the action of nitric acid on copper reacted with oxygen just as readily 
when dry as when moist. He then prepared pure nitric oxide, and when this gas and 
oxygen were separately dried for ten days over phosphoric oxide no reaction occurred on 
mixing, but reaction occurred when water was introduced into the gases. Briner (J. Chim. 
physique, 1926, 28, 848) repeated the experiment and found that drying did not prevent 
reaction. He prepared the nitric oxide by acidification of nitrite, and purified it by low- 
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temperature distillation. The oxygen and nitric oxide were enclosed in bulbs and dried 
over phosphoric oxide for periods from 3 months to a year, but on mixing, they always 
reacted. Briner also showed that the velocity of the reaction is greatest at low 
temperatures (— 183° to — 193°), at which water has a negligible vapour pressure, and 
therefore concluded that water is not necessary for the reaction to proceed but may never- 
theless conceivably influence it. Hasche (J. Amer. Chem. Soc., 1926, 48, 2253) dried the 
gases for two months over phosphoric oxide and investigated the variation of velocity 
constant of the reaction under various surface conditions. He showed that when the walls 
of the vessel were coated with paraffin, the rate of reaction was reduced 20% below the 
normal, and concluded that water could influence the rate of reaction when it was adsorbed 
by the walls. Smith (J., 1928, 1886) studied the dissociation of nitrogen dioxide, heating 
the gas in contact with phosphoric oxide, and found : (i) that nitrogen dioxide formed an 
addition compound with phosphoric oxide, (ii) that nitrogen dioxide dissociated into 
oxygen and nitric oxide to a greater extent than the “‘ moist ”’ gas ordinarily does, and that 
these products did not recombine on cooling except when moisture was admitted, and 
(iii) that the nitric oxide was dissociated into oxygen and nitrogen at a greater rate than 
usual. 

The foregoing account is one of many differences of observation. Baker, using pure 
nitric oxide, could totally inhibit reaction with oxygen after only 10 days’ drying; Smith, 
using the products of dissociation of nitrogen dioxide, verified this observation ; and Hasche 
showed that the rate of reaction could be affected by the nature of the surfaces, yet Emich 
did not observe the result, nor did Briner, using extremely pure nitric oxide and a year’s 
drying, nor did Hasche nor Baker with impure nitric oxide. Although such observations 
cannot be reconciled with one another, many interesting deductions can be made from 
them. Hasche has found that the velocity constant of the reaction varies according to 
the surface of the reacting vessel, 7.e., the reaction must be heterogeneous, in which case, 
the reaction is in all probability affected by drying. On the other hand, Bodenstein has 
found that the reaction is a homogeneous one of the third order, in which case, drying 
should have no effect on the reaction, a conclusion supported by Briner’s observations. 

Bodenstein showed that the reaction has a negative temperature coefficient, since the 
ratio k:.49/% is less than unity, gradually changing from 0-912 to 0-997 with rising 
temperature. In an attempt to explain this, he postulated that two nitric oxide molecules 
on collision form a temporary complex, the life of which diminishes with temperature 
rise so that fewer ternary collisions result. , 

The author has shown (J., 1938, 1459) that Smith’s work provides no evidence that 
drying can affect reaction between oxygen and nitric oxide, because nitrogen dioxide reacts 
with phosphoric oxide thus: N,O, + P,O,;, = P,O;,2NO + O,, and not, as stated by 
Smith, to give a compound P,O,,xNO,. When water is added to the first compound, 
reaction occurs: P,O;,2NO + H,O = 2HPO, + 2NO, and Smith observed the brown 
fumes formed by reaction of the liberated nitric oxide with the oxygen present. 
Unfortunately, he interpreted his observations by assuming that the gas present was a 
non-reactive mixture of nitric oxide and oxygen which became reactive by admission of 
moisture. From this new work, it is clear that the evidence for the possibility of affecting 
this reaction by drying is considerably weakened. 

The present communication records a comprehensive investigation into the effect of 
drying on this reaction, and a theory is put forward which appears to account for all the 
known facts regarding it. 


EXPERIMENTAL. 
A. Experiments employing Phosphoric Oxide as Dehydrating Agent. 


Preparation of Materials.—Nitric oxide was prepared by adding sulphuric acid to a mixture 
of potassium nitrate and ferrous sulphate, and was washed with water, followed by concentrated 
sulphuric acid, which removed traces of nitrogen dioxide. Any remaining traces of this 
impurity were removed by passing the gas through a large glass coil cooled to — 78° with 
solid carbon dioxide-ether. The nitric oxide was dried by passage through two tubes each 
containing a 50-cm. length of phosphoric oxide. 
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Oxygen was prepared by electrolysis of baryta in the apparatus already described (Stoddart, 
Proc. Roy. Soc., 1935, 152, 273), and dried over potash pellets, followed by two tubes of 
phosphoric oxide as above. 

The phosphoric oxide was sublimed in a current of oxygen in order to remove any lower 
oxide, and was stored in large, glass-stoppered bottles until required. 

Apparatus and Experimental Method.—The apparatus, Fig. 1, was entirely constructed in 
soda-glass; since this glass is easily softened in a blowpipe flame, any capillaries in the walls 
of the apparatus which may occlude moisture are thus removed. No taps were used to separate 
the gases to be dried; a septum (S) was employed instead, thus obviating the use of tap grease 
which may influence the experiment. The apparatus was cleaned with dichromate-sulphuric 
acid mixture, washed, and dried. The bulb (C) containing the oxygen had approximately 
half the volume of that (F) containing the nitric oxide (500 and 1000 c.c. respectively). 


Fic. 1. 


























7o pumps 7o pumps and 
and oxygen nitric oxide 


Taupe 


Sherwood (J. Amer. Chem. Soc., 1918, 40, 1645; Physical Rev., 1918, 12, 448) has shown 
that glass contains much adsorbed water vapour, carbon dioxide, and nitrogen which are 
removable by heating it under vacuum. It was clear that such treatment of the apparatus 
would greatly facilitate intensive drying. Therefore the whole apparatus was connected to a 
high-vacuum pumping system consisting of a mercury-vapour pump backed by a Hyvac pump, 
mercury vapour being kept out of the system by a liquid-air trap, and the pressure in the system 
being measured by a sensitive McLeod gauge. The apparatus was evacuated so that the 
pressure could not be measured by the gauge and no Tesla discharge was obtainable in the 
evacuated vessels; i.e., the pressure was evidently less than 10-* mm. This vacuum was 
maintained for 3 days, and the apparatus was constantly “ flamed ’”’ with a soft blowpipe 
flame until, in parts, the glass slightly collapsed. This treatment had the effect of removing all 
occluded moisture on the glass surfaces and at the same time removing most, if not all, of the 
capillaries from the glass. The apparatus, at this stage, would maintain a vacuum of less than 
10-* mm. indefinitely, and it was now entirely filled with dry electrolytic oxygen. 

Pure phosphoric oxide was nuw introduced into the bulbs A and D via the side tubes J and K, 
the apparatus being kept free from atmospheric moisture by a countercurrent of dry oxygen 
admitted via the tubes X and Y. After the tubes J and K had been sealed, the phosphoric 
oxide was sublimed in a current of dry oxygen into the bulbs B and E, and finally into the 
buibs C and F. After the apparatus had been sealed off at T and T, the bulbs C and F were 
again evacuated to 10 mm. and gently heated, the phosphoric oxide being thus caused to 
wander about the glass surfaces of these bulbs, producing a very efficient drying medium. 

The bulb C was filled with electrolytic oxygen previously dried by storage over phosphoric 
oxide; the bulb F was similarly filled with nitric oxide, and the bulbs were closed by sealing 
at X and Y. Drying was allowed to proceed for 30 days. 





8 Stoddart: The Reaction between 


Now these bulbs were filled at atmospheric pressure, but it was shown, by an independent 
experiment, that phosphoric oxide slowly absorbs nitric oxide at atmospheric temperature 
and pressure, presumably to form the compound previously described. Hence, at the end of 
the drying period, when the septum S was broken, the oxygen was expected to rush into the 
nitric oxide. When the septum was broken, immediate reaction occurred, but whereas the 
nitric oxide bulb was full of red vapour after 4 hour, the oxygen bulb was colourless. After 
an hour, the contents of these bulbs were respectively of a very deep red and a straw 
colour. 

Since the oxygen rushed into the nitric oxide bulb, it was not surprising that the latter 
should be the darker in colour, but it had been expected that reaction would have occurred in 
the oxygen bulb as well as the nitric oxide bulb when the original levelling up of pressure had 
been achieved. A possible explanation of this phenomenon was that when the oxygen rushed 
into the nitric oxide, reaction occurred, 2NO + O, = N,O,, 3 vols. of gas disappearing for the 
appearance of 1 vol. of dinitrogen tetroxide, and therefore the gas drifted in bulk towards the 
nitric oxide bulb, giving the observed result; but the following considerations showed that this 
is not the case. Let us assume (i) that the nitrogen dioxide is completely associated, (ii) that 
oxygen and nitric oxide have the same rate of diffusion, and (iii) that the bulbs were both 
filled at atmospheric pressure. All these assumptions are approximately true. Suppose the 
nitric oxide and the oxygen bulb contain respectively 2N and N molecules. After a certain 
time, suppose ” molecules of each kind have diffused into each other. Then in the nitric oxide 
bulb, 2” molecules of nitric oxide will have reacted with these molecules of oxygen to give n 
molecules of dinitrogen tetroxide, i.e., the final gas pressure in this bulb will be (2N — 2n)/2N = 
(1 — n/N) of an atmosphere. Again in the oxygen bulb, 4” molecules of oxygen will have 
reacted with the ~ molecules of nitric oxide, giving 4” molecules of dinitrogen tetroxide, i.e., 
the final gas pressure in this bulb will be (N — ”)/N = (1 — n/N) of an atmosphere. Hence, 
in this ideal case, no gas drift will occur. In actual fact, of course, the above three assumptions 
are not quite correct, and therefore a slight drift is possible. The point was tested 
experimentally by using untreated vessels; when the gases were allowed to mix, no distinction 
could be made in the colour of the bulbs, and so the above assumptions are sufficiently valid 
in these experiments. 

A very different state of affairs would be present if the nitric oxide and oxygen bulbs were of 
equal volume. In this case, it is a simple matter to show that a drift towards the nitric oxide 
bulb would occur. ; 

In view of these considerations, it appears that the dry gases had reacted in the nitric oxide 
bulb but not in the oxygen bulb. Nevertheless drying does not prevent reaction. 

The above experiment was now repeated with different gas pressures. The results may be 
summarised : 

Initial pressure of 





Expt. No. NO. O,. Result. 
: on = : fae \ Reaction occurred in the NO bulb. 
3 1 atm. 300 mm 
+ 400 mm. 300 mm 


5 }No reaction occurred. 


In Expt. 3 no darkening occurred when the gases mixed, and the bulbs were quickly separated 
by using the blowpipe. The tip of the oxygen bulb was opened under mercury, and a drop of 
water introduced into the gases. No reaction occurred, and therefore it is clear that water 
vapour plays no part in this reaction. The gases were now displaced into another vessel, 
whereupon reaction occurred. 

In Expt. 4, mixing occurred in the oxygen bulb, but no reaction occurred until after } hour, 
whereupon it started in the nitric oxide bulb, presumably owing to diffusion from the oxygen 
bulb. . 
These experiments show that the intensively dried gases react when the mixing occurs in 
the nitric oxide-containing bulb, but no reaction is possible when mixing occurs in the oxygen 
bulb, drying in itself having no effect. It seems that the surface conditions of the glass bulbs 
were the deciding factor. It is suggested that the heat treatment of the bulbs under vacuum 
freed the glass from the bulk of its adsorbed water and the phosphoric oxide completed this 
process. When the gases were admitted to their bulbs, the surfaces adsorbed these gases in a 
complete film. When the film was oxygen, no reaction occurred in the mixed gases, but when 
the film was nitric oxide, reaction was possible. 
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B. Experiments employing Anhydrous Magnesium Perchlorate as Dehydrating Agent. 


Phosphoric oxide being a volatile dehydrating agent, the glass surfaces may tend to adsorb 
it to some extent. Therefore the previous experiments deal with phenomena characteristic 
of glass surfaces with adsorbed phosphoric oxide. Phosphoric oxide also combines directly 
with nitric oxide at ordinary temperatures and pressures, thereby lowering the pressure of the 
gas as well as drying it. 

Anhydrous magnesium perchlorate (‘‘ anhydrone”’) is non-volatile and is non-reactive 
towards nitric oxide. It is just as efficient as phosphoric oxide for drying purposes, and so it 
was decided to repeat the experiments in order to discover if the phenomena were due to the 
glass surfaces adsorbing phosphoric oxide. 

The apparatus, Fig. 2, was chemically cleaned, washed, and dried. After evacuation to 
10-* mm., the vessels were fiamed for several hours. The apparatus was then filled with dry 
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electrolytic oxygen, and the tubes C and D were opened. About 10 g. of anhydrone were then 
introduced into each bulb, against a countercurrent of dry oxygen, and the tubes C and D 
were again sealed. Once more the apparatus was evacuated and flamed. 

Dry oxygen was introduced into bulb A (500 c.c.) and dry nitric oxide into bulb B (1000 
c.c.), both at atmospheric pressure. After sealing at T and T, the gases were allowed to dry 
for 35 days, and then the septum was broken. Reaction occurred slowly in the nitric oxide 
bulb, but no reaction had occurred in the oxygen bulb after } hour. 

On comparing this experiment with the previous ones, it seemed that the reaction occurred 
rather more slowly than when phosphoric oxide was employed, although the same general 
phenomena were noted. The bulbs were now separated by using a small blowpipe flame. The 
contents of bulb B were of a light brown colour, but those of bulb A were colourless. Bulb A 
was dipped into boiling water, and the gases reacted; after 5 minutes its contents had become 
deep brown. The probable explanation of this phenomenon is that gentle heating liberates 
the adsorbed oxygen from the glass, thereby leaving a surface capable of bringing about reaction 
between the gases. (It is to be noted that when the bulbs were separated no reaction occurred, 
probably owing to the fact that only a very small surface of the glass was heated with the 
blowpipe. When the entire bulb was heated in this manner, reaction occurred.) 

The drying experiment was repeated with nitric oxide at atmospheric pressure and oxygen 
at 500 mm.; reaction did not occur on mixiug, but after 15 minutes, reaction occurred in the 
nitric oxide bulb. These observations are in agreement with the previous experiments, 


C. Changes of Pressure after mixing Dried Oxygen and Nitric Oxide. 


The previous experiments were designed to investigate the effect of careful intensive drying 
on this reaction, the apparatus being constructed with this end in view—taps, tap grease, and 
manometric fluids being excluded. No such precautions seem to have been taken by Baker, 
so it was decided to repeat the experiments by using vessels fitted with manometers in order 
to verify the results quantitatively. 

Two 100-c.c. Monax distillation flasks were fitted up as shown in Fig. 3, each having a simple 
mercury manometer. The mercury was dried by heating, followed by vacuum distillation ; 
the rubber stoppers used were given a coat of shellac varnish in order to seal up any capillaries 
in them and also to give vacuum-tight joints, and the tap was lubricated with vapourless grease. 
Each flask contained about 5 g. of freshly sublimed phosphoric oxide. The apparatus was 
evacuated by a Hyvac pump via D, and the phosphoric oxide made to wander over the glass by 
heating. The flask A was filled with electrolytic oxygen and B with nitric oxide, both prepared 
as before, and both gases being at 759 mm. The gases were allowed to dry for 12 days (the 
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period allowed by Baker). The pressure of oxygen after drying was still 759 mm., but that of 
nitric oxide had dropped continually until on the twelfth day it was 719 mm. This 
disappearance of nitric oxide is probably due to formation of P,O;,2NO. 

After tap C was opened, the oxygen rushed into the flask B, and the average pressure was 
found to be 740 mm. (calculated pressure = 739 mm. if no reaction occurred) ; reaction occurred 

in this bulb, and after one hour the pressure 

Fic. 3. was 540 mm. Simple calculation shows that 

considerable reaction had occurred but had not 

gone to completion; complete reaction would 

Pump| | Oxygen presumably be attained if the gases had been 

allowed to mix completely, the reaction being 

effected in the present work by slow diffusion 
through the connecting tube. 

In another experiment, the oxygen pressure 
was 402 mm., the initial nitric oxide pressure 
763 mm., and the final nitric oxide pressure 716 
C mm. after 17 days’ drying. Tap C was opened 
but mixing occurred in bulb A this time, and 
Thin glass as judged by absence of colour, no reaction 

tip occurred. (Tap C was closed after 30 seconds.) 
" If no reaction had occurred, the final pressure 
should have been (716 -++ 402)/2 = 559 mm. 
The actual pressure first recorded was 556 mm., 
but this gradually decreased, quickly at first 
and then more slowly : 

Time, mins. 0 3 6 10 20 60 
Press, mm. 556 551 548 547 546 546 
The pressure was constant at 546 mm. for 
over 4 hours, and reaction did not seem to 
occur, the gases being colourless. Admission 
of 4 c.c. of water to the gases via the mercury 
column did not cause reaction, even after $ hour. 

Oxygen was then admitted to the bulb A 
until atmospheric pressure was attained, and a 
small flask was attached to the’ side arm G by means of pressure tubing. The tip of G was 
crushed in the tubing, and the gases in A displaced into the flask by oxygen. Reaction instantly 
occurred in the new flask. 

These results were in complete agreement with the previous work, and the only new 
phenomenon noticed was that the pressure quickly decreased when the nitric oxide entered 
the oxygen, yet reaction did not occur, since the gases remained without colour. In order to 
elucidate this effect, the experiment was repeated with pure nitrogen (prepared by heating 
ammonium dichromate) in place of oxygen. When the dry nitric oxide rushed into the dry 
nitrogen, a similar decrease in pressure was noted (about 10 mm. in 10 mins.). In this case, 
reaction of the gases was impossible. It was therefore concluded that this pressure change 
was due to the phosphoric oxide in the oxygen (or nitrogen) bulb adsorbing nitric oxide; it was 
generally observed in this work that such adsorption does take place. 


| Nitric oxide 














DISCUSSION. 


The only previous workers to have observed non-reactive mixtures of nitric oxide and 
oxygen are Baker and Smith, but (see p. 6) Smith’s conclusions are no longer of value 
in this respect. Baker’s work, however, merits closer examination. His experimental 
technique in this early work is crude when compared with his own later work, and his 
conditions of drying have been superseded by later investigators, none of whom has 
reproduced his results. The present work shows that non-reactive mixtures of nitric 
oxide and oxygen are possible if the mixing occurs in the oxygen-containing vessel. The 
question to be considered is whether Baker had conditions where mixing only occurred in 
his oxygen bulb. His paper lacks the detail necessary for any conclusion in this matter. 
Nevertheless, Baker noticed that admission of water caused reaction, whereas in the present 
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work it was shown many times that introduction of water did not cause such reaction. 
One further point mentioned by Baker was that impure nitric oxide reacted with oxygen 
just as readily when “dry” as when “ moist.” The author repeated the experiment 
described in Section C, using the impure nitric oxide prepared from copper and nitric acid, 
the gas being purified as before. No difference in behaviour was noticed. The enigmatic 
observations of Baker have thus received partial verification, but it seems clear that his 
work is of little value in ascertaining the effect of drying on this reaction. 

The worl: of Briner, Hasche, and others gives results agreeing with the present 
observations, drying in itself has no effect on this reaction, but wall conditions are the 
deciding factor. Hasche showed that the velocity constant of the reaction could be 
considerably affected by surface conditions; and the present work has shown that reaction 
is completely inhibited in vessels whose surfaces possess a strongly adsorbed oxygen film. 
Thus it is concluded that the reaction is a heterogeneous one. 

The present observations have been obtained under a variety of conditions. Really 
intensive drying seems to have no different influence on the reaction from less rigorous 
drying. The same observations are obtainable by using the non-volatile magnesium 
perchlorate as desiccating agent. The author also considers the presence of colour a more 
sensitive method of detecting reaction, in this particular case, than the use of manometers, 
which also register adsorption of gas by the drying agent. 

Now, Bodenstein has concluded that the reaction under discussion is homogeneous 
and of the third order. Hasche’s work together with that now described shows that the 
reaction is not homogeneous but heterogeneous. Both Hasche and Bodenstein assumed 
the existence of a complex nitric oxide molecule. Bodenstein assumed its formation to 
be a homogenéous reaction, whereas Hasche assumed that this complex could only exist 
adsorbed on surfaces covered with water molecules. Hasche’s suggested mechanism is: 


NO + H,O —> NO,H,O 
NO,H,O + NO—> (NO),,H,O 
(NO),,H,O + 0, —> (N,O, == 2NO,) + H,O 


the water remaining adsorbed on the glass surface. It was Bodenstein who first assumed 
the existence of the complex molecule (NO),, whose life period was assumed to decrease 
with temperature rise in order to account for the negative temperature coefficient of the 
reaction. 

Briner concluded from his experiments that water, if it does catalyse the reaction, is 
not necessary for the reaction to take place, and in agreement with him, the author shows 
that the presence or absence of water is not the deciding factor of this reaction. Therefore 
Hasche’s scheme requires modification and the following suggestions are now put forward. 

Drying removes adsorbed water films so that, after drying, glass-gas surfaces only are 
being dealt with. In the nitric oxide bulb, the glass adsorbs nitric oxide and the complex 
then formed is free to evaporate into the gas phase, the mechanism being 


glass, 2NO —> glass + (NO). 
(NO), —> 2NO 
NO + glass ----> glass, NO —> glass, 2NO 


If this adsorption is small, the formation of the complex is a bimolecular heterogeneous 
reaction. The complex has a short life period and is assumed to decompose quickly. 
Reaction with oxygen will only occur with the complex : (NO), -+- O, —> (N,O, == 2NO,). 
Now, in the oxygen bulb, the glass will adsorb oxygen slowly. After only a short period of 
drying, there is enough moisture film left to bring about reaction (the author suggests 
that glass with a water film will allow the association of nitric oxide since it will not adsorb 
oxygen while water is present), but eventually all the moisture is removed and oxygen 
is sufficiently adsorbed so as to prevent nitric oxide molecules being in adjacent positions 
= the surface, thus preventing complex formation, and so reaction does not take 
place. 
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Under ordinary conditions, using glass with a water film, the reaction becomes 


glass (H,O),2NO —-> glass (H,O) + (NO), 
(NO), —> 2NO; (NO), + O, —> (N,O, == 2NO,) 
glass (H,O) + 2NO ----> glass (H,O), 2NO 


and the reaction will be a termolecular one if it is assumed that the rate of formation of 
the complex and its rate of reaction with oxygen are of the same order. 

The most important difference between Hasche’s scheme and the foregoing is that 
Hasche assumes the reaction to be wholly heterogeneous, in which case the reaction should 
have a normal temperature coefficient. It is now suggested that the (NO), complex is 
formed heterogeneously and reacts homogeneously; the temperature coefficient of the 
reaction will then depend upon the rate of decomposition of the complex. On the 
assumption that the life period of the complex decreases with temperature rise more quickly 
than its rate of formation increases with temperature rise, the negative temperature 
coefficient can then be accounted for. 

In this way all the facts regarding this reaction can be accounted for except Bodenstein’s 
observation that the reaction is homogeneous. Experiments have shown, however, 
that the reaction is heterogeneous. 
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3. A Study of the Photolysis of Organic Nitrogen Compounds. 
Part I. Dimethyl- and Diethyl-nitrosoamines. 


By C. H. BAMForRD. 


The photolysis of the vapours of dimethyl- and diethy]-nitrosoamines has been 
studied. Decomposition is produced by all wave-lengths lying in the absorption 
band, the quantum yield being low in all cases. The vapours do not exhibit any 
fluorescence. These observations are correlated with the absorption spectra of the 
nitrosoamines, and their bearing on the nature of the primary act is discussed. 
The latter results in the formation of dialkylamino-radicals and nitric oxide, by a 
rupture of the bond between the nitrogen atoms. The energy required for this change 
is estimated at 12 kg.-cals. Dialkylamino-radicals are shown to undergo a 
disproportionation reaction, with production of the corresponding secondary amine 
and a bivalent radical which subsequently polymerises. Prolonged irradiation 
produces considerable quantities of hydrogen, through photolysis of the secondary 
amine formed. Possible secondary reactions producing small quantities of nitrogen 
and olefin are discussed, and the primary act is contrasted with that occurring in the 
case of other nitroso-compounds. 


COMPARATIVELY little work has been done upon the photolysis of simple organic nitrogen 
compounds. Anderson, Crumpler, and Hammick (J., 1935, 1679) found that the primary 
act in the photolysis of nitrosoisopropylacetone and -nitroso-$e-dimethylhexane consists 
in the elimination of an oximino-group, with formation of hyponitrous acid and its 
decomposition products and an olefinic substance. Similar modes of photodecomposition 
were recorded by Hirschlaff and Norrish (J., 1936, 1580) for nitromethane and nitroethane, 
by Hammick and Lister (J., 1937, 489) for some chloro- and nitro-nitroso-compounds, and 
by Thompson and Dainton (Trans. Faraday Soc., 1937, 33, 1546) for a number of alkyl 
nitrites. The last authors specify «-, 6-, and y-elimination of the oximino-group, according 
to whether the hydrogen atom which becomes associated with the nitroso-group is originally 
attached to the a-, 6-, or y-carbon atom. It appeared that a study of the photochemistry 
of the nitrosoamines might throw additional light on this tendency of nitroso-compounds 
to split off an oximino-radical on irradiation. 

The absorption spectra of dimethyl- and diethyl-nitrosoamines have been studied by 
Purkis and Thompson (Trans. Faraday Soc., 1936, 32, 1465). The former shows a system 
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of diffuse bands between 3900 and 3200 a., having no marked head, and giving place at 
shorter wave-lengths to a continuum which extends to longer wave-lengths as the pressure 
is increased; the most intense bands have centres at about 3768, 3645, 3522, and 3305 a. 
The spectrum of diethylnitrosoamine is similar, but the region between 4000 and 3200 a. 
has not been clearly resolved into bands. Experiments now described show that the 
vapours of the nitrosoamines exhibit no fluorescence, even when irradiated by wave- 
lengths lying near the long-wave limit of absorption. Further, decomposition is brought 
about by all wave-lengths which lie in the absorption band, but the quantum yield is always 
low—its value being 0-06 for wave-lengths in the continuum of dimethylnitrosoamine. 
The significance of these points is discussed later. 

Although a process resembling $-elimination of the oximino-group is formally possible, 
yet in the photolysis of these two nitrosoamines a completely different mechanism 
participates, viz., rupture of the molecule at the link between the nitrogen atoms, ¢.g., 


(CH,),N-‘NO + hy—> (CH),N'+NO ..... (J) 


The dialkylamino-radicals produced by (1) undergo a secondary reaction resulting in the 
formation of a secondary amine : 


2(CH,),N* —> (CH;),NH + CH,;N-CH, . . . . . (2) 


the free radical polymerising to form compounds with high boiling points. The volatile 
products are thus almost exclusively nitric oxide and secondary amine. 


EXPERIMENTAL. 


(1) The Course of Photolysis.—In order to determine the course of the photo-reactions, the 
vapours of the nitroso-compounds were irradiated in a vertical reaction vessel, constructed from 
quartz tubing 2 cm. in diameter and 25 cm. long. The lower end was sealed to a narrower 
tube which contained the liquid, and the upper end communicated with a reflux condenser by 
means of a ground joint. A series of liquid-air traps leading to a Toepler pump was connected 
to the condenser. The whole could be evacuated by a two-stage mercury-diffusion pump 
backed by a Hyvac pump. The liquid was refluxed gently in a vacuum by warming to about 
70°, the portion of the reaction vessel exposed to the light being maintained at 100° by a quartz 
steam-jacket to prevent condensation of liquid on the walls. The liquid was protected from the 
light, and the progress of the reaction followed manometrically. A vertical quartz mercury 
arc, running hot, and consuming about 300 watts, was used in the majority of the experiments ; 
in one case the mercury-sensitised decomposition was investigated by using a mercury lamp 
with cooled electrodes containing a few mm. of neon. At the conclusion of the irradiation the 
products were divided into three fractions according to their volatility. Fraction I was removed 
by the Toepler pump through two liquid-air traps. After the whole of the residual products 
had been condensed in one of the traps, this was maintained at —130° by alcohol-liquid 
nitrogen, and volatile substances were distilled into the second trap. When nothing further 
distilled over, the trap was isolated, allowed to warm, and the contents removed by the Toepler 
pump. Thisconstituted Fraction II. The first two fractions were composed only of permanent 
gases, and were analysed in a Bone and Wheeler apparatus. Fraction III, distilled off at 
about 0°, was a volatile liquid, which was condensed into a small tube and weighed. The 
vapour density of the liquid was determined by measuring the pressure exerted by a sample in a 
bulb of known volume, then freezing out the substance in a tube and weighing it. The physical 
and chemical properties of Fraction III were also recorded. 

Dimethyl- and diethyl-nitrosoamines were prepared from the corresponding secondary 
amines by the action of nitrous acid as described by Geuther (Amnalen, 1863, 128, 151) and 
Renouf (Ber., 1880, 18, 2170). The final products boiled sharply at 153-0° and 174-5°, 
respectively. 

(a) Dimethylnitrosoamine. The results of a series of experiments are in Table I. The 
volumes of products are expressed in c.c. of vapour at N.T.P. In all cases photolysis was 
carried out at 100°. 

Fraction I usually consisted of hydrogen, nitrogen, and methane, together with a little 
nitric oxide. Fraction II was practically pure nitric oxide, but generally contained a little 
ethylene. It contained no portion appreciably soluble in water or alcohol. Ammonia and 
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nitrous oxide were therefore absent. Fraction III was a volatile liquid; it was purified by 
distillation in a vacuum at —50°, and then had b. p. 6-5°, and a molecular weight of 45. The 
liquid was soluble in water, had a strongly basic reaction, and a pungent ammoniacal smell. 
These properties characterise it as dimethylamine (b. p. 7-4°), and this was confirmed by 
preparation of the picrate, m. p. 158°, unchanged by an authentic specimen. 


TABLE I. 
Time of 
irradiation, 
Expt. Light source. hrs. 
I Fulllight of hot arc 72. 
II sf 
III ° : , 
IV 1 
V , $ 
vI* oa - 1 
VII 2536 a. lamp 4} 
VIII Hot arc, glass plate 8t 
interposed ; 
* 40 Mm. of nitric oxide were introduced into the apparatus before beginning the irradiation in this 


experiment. 


¢.H, NO. NHMe,, 
2-1 37:3 \aet 


QO 
~ 


43-3 not esti- 
39-2 
10-2 
5-6 . 
10-0 
26-8 not esti- 
7-9 mated 
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Co — 
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In the earlier experiments a considerable quantity of hydrogen was produced. Inspection 
of Table I shows, however, that the percentage of hydrogen falls off rapidly with diminishing 
periods of irradiation, being only 1-2% in Expt. V for a period of } hour. It is evident that the 
hydrogen arises from a secondary process. This appear: to be the photolysis of some dimethyl- 
amine—a reaction which produces hydrogen together with a little methane as volatile products, 
the predominant primary act being 

(CH,), NH —+ (CH,),N°-+H ...... . (8) 


This reaction is described in detail in the following paper. The small quantities of nitrogen, 
methane, and ethylene are also clearly secondary products, resulting from decomposition of 
some dimethylamine. In Expt. VIII the incident light consisted only of wave-lengths longer 
than 3400 a., shorter wave-lengths being filtered out by the glass plate. No permanent gas 
except nitric oxide was produced. Dimethylamine does not absorb appreciably above 2500 a., 
and so would not undergo any decomposition under these conditions. 

Table I shows that the yield per hour of nitric oxide falls off with increasing time of 
irradiation. This may, in part, be due to secondary reactions which remove nitric oxide. It 
is natural to associate these with the production of nitrogen. This is further brought out by a 
comparison of Expts. IV and VI. In the latter, additional nitric oxide was present, and the 
yield of nitrogen was increased. Only a very small amount of nitrogen could be formed by the 
direct photolysis of nitric oxide, however, since it was found that irradiation of 80 mm. of the 
gas by the hot arc, under similar conditions to those in the above experiments, gave a yield of 
nitrogen of only 0-13 c.c./hr. Possible secondary processes are reactions occurring between 
dimethylamino-radicals or hydrogen atoms, and nitric oxide. In the former case, a reaction 
such as (4) would account for the formation of small quantities of ethylene and nitrogen : 


(CH;),N° ote NO > C,H, = H,O - N, . . . . . . (4) 
and plausible reactions involving hydrogen atoms are 


H + NO—> HNO: } . 
(CH;),NH + HNO-—+» 2CH,- + N, + H,O J ° a a 


Reaction between dialkylamino-groups with production of nitrogen does not appear to occur, 
since in the photolysis of dimethylamine (which occurs through the formation of NMe, radicals) 
no nitrogen is formed. Further, the reactions (4) and (5) receive some support from the fact 
that irradiation of dimethylamine in the presence of nitric oxide produces nitrogen (see following 
paper, p. 21). The methyl groups liberated in (5) are mainly removed by reaction with nitric 
oxide (see, ¢.g., Mitchell and Hinshelwood, Proc. Roy. Soc., 1937, A, 159, 32), a small percentage 
of them becoming hydrogenated to methane, however. 

It is necessary to enquire what is the fate of the free radical produced in (2). It appeared 
possible that this might isomerise to ethyleneimine, and experiments were carried out with 
the object of identifying this compound. Ethyleneimine boils at 56°, and would be expected 





ee ee” ee ee ee ee ee a es ee. a nw. oT 


4 

















[1939] Organic Nitrogen Compounds. Part I. - 45 


to distil off after the removal of the dimethylamine in the separation of the products. Fractions 
distilled off at room temperature from the residue remaining after the removal of fraction III 
were examined. On addition of alcoholic picric acid, no picrate was deposited, although 
ethyleneimine forms a well-defined crystalline picrate only very slightly soluble in alcohol. 
Since ethyleneimine forms a compound with bismuth tri-iodide which is very sparingly soluble 
in dilute acids (Gabriel, Ber., 1888, 21, 761), an attempt was made to prepare this compound 
from fraction IV, but the substance so obtained had the same solubility in hydrochloric acid 
as the addition.compound formed from dimethylnitrosoamine, so ethyleneimine could only have 
been present in minute quantity if at all. It appears probable then ‘that the *-NMe-CH,° 
radical polymerises rather than isomerises. Presumably the Schiff’s base NMe:CH, is first 
formed, and then polymerises. A heavy polymer less volatile than dimethylnitrosoamine 
remained in the reaction vessel after distillation of the original nitrosoamine in a vacuum, 
and microanalysis [Found: C, 53; H, 10; N, 34; O, 3. Calc. for (CH,*N°CH;),: C, 55-9; H, 
11-5; N, 32-6%] showed that the polymer was contaminated with a little nitrosoamine: 

According to equations (1) and (2) the dimethylamine formed should be equivalent to half 
the nitric oxide, and these conditions are fulfilled satisfactorily in Expts. IV and V. 

Expt. VII shows that the mercury-sensitised decomposition closely resembles the direct 
photolysis. From Expt. VIII we may conclude that wave-lengths lying in the banded region 
are effective in producing photodecomposition. . 

(b) Diethylnitrosoamine. The results obtained with diethylnitrosoamine at 100° are in 
Table II in the same form as for Table I. Fractions I and II contained the permanent gases. 


TABLE II. 
Time of 
irradiation, 
Expt. Light source. hrs. H,. N,. CH, C,H, Olefin. NO. NHEt,. 
I Fulllight of hot arc 7} 0-5 2-8 0-9 1-5 0-9 15-8 ) Present, 
II “a ‘i Ee 5} 0-6 1:3 1-0 0:8 0-7 23-1 not esti- 

mated 

Til ” ” ” 4 0-2 0-9 0-3 1-2 0-9 18-9 8-0 

IV * ‘ ‘a 1 —_ 0-1 0-1 0-2 0-1 8-5 4-5 

v* ” ” ” 2 0-1 1-0 0-4 0-4 0-4 14-5 7-0 

VI Hotarc, glass plate 11} — —_ — _ _— 6-8 3-3 


interposed 
* 28 Mm. of nitric oxide were introduced into the apparatus before irradiation in this experiment. 


Fraction III was a volatile, strongly basic liquid with an ammoniacal smell (Found, by micro- 
combustion: C, 64-9; H, 15-7; N, 19-8. Calc. for CgH,,N: C, 65-7; H, 15-1; N, 19-2%). 
It was identified as diethylamine (b. p. 56-0°, f. p. — 50°) by its b. p. (55—56°), f. p. (— 52°), 
vapour pressures, and molecular weight (72—74). Its picrate did not separate readily from 
alcoholic solution, but the same difficulty was experienced with a sample of diethylamine. 

Table II shows that, in its main features, the photolysis of diethylnitrosoamine proceeds 
similarly to that of its lower homologue. Nitrogen, hydrogen, ethane, and olefin are produced 
only in small quantity, which is negligible with short periods of irradiation (Expt. IV). They 
are completely absent when wave-lengths longer than 3400 a. are used (Expt. VI). Hence, 
these substances are probably formed by reactions analogous to those of equations (4) and (5). 
In agreement with this, addition of nitric oxide to the system increases the percentage yield of 
nitrogen and reduces that of ethane [by more complete removal of ethyl groups liberated by the 
reaction corresponding to (5)]. The source of the small quantities of methane is not clear. 
It may, however, be formed by the action of nitric oxide on ethyl radicals. No compound 
(e.g., pyrrolidine) produced by the isomerisation of the -NEt*C,H,° radical formed by the process 
corresponding to (2) could be detected. This radical, like -NMe*CH,°, must mainly polymerise, 
probably through the intermediate formation of the Schiff’s base. ‘ 

As before, in the main reactions the secondary amine formed should be equivalent to half 
the nitric oxide, and this is approximately true in Expts. III, IV, V, and VI. 

(2) The Quantum Yield of Photolysis of Dimethylnitrosoamine.—The apparatus and method 
employed for the determination of the quantum yields have been fully described by Bloch and 
Norrish (J., 1935, 1638). The vapour, at a pressure of about 100 mm., was irradiated in a 
quartz cell closed by a vacuum breaker, the whole being maintained at a constant temperature 
by an air thermostat. In order to eliminate any possibility of condensation occurring on the 
windows of the cell, the inlet for the hot air was arranged to deliver the latter directly on to the 
windows, which were consequently held at a slightly higher temperature than the rest of the 








16 -  Photolysis of Organic Nitrogen Compounds. Part I. 


cell, Light intensities were measured by a Moll thermopile and a Broca galvanometer. The 
reflexion coefficients for the various quartz windows were estimated as described by Bloch 
and Norrish, i.e., by taking intensity measurements with and without the windows in position. 
In the present experiments absorption of the active light was practically complete, and it was 
unnecessary to correct for light absorption from the beam reflected from the back windows of 
the cell and thermostat. The correction for light losses at the surfaces of the lens used to focus 
the beam on the thermopile was calculated to within a few units %. ; 

Experiments were performed in two spectralregions. A filter of nickel chloride and gaseous 
chlorine in separate quartz cells served to isolate a region 2500—2800 a. from the light of the 
mercury arc (see Bowen, J., 1932, 2236). This filter transmitted also a certain amount of 
visible light which was not absorbed by the nitrosoamine. A separate determination of the 
ultra-violet intensity was made by interposing a glass plate. A filter of Corning glass 586, 5 
mm. thick, was used to isolate the range of wave-lengths between 3500 and 3800 a. This filter 
transmitted practically no visible light, and the use of the glass plate to measure the ultra- 
violet was unnecessary. A quartz cell containing copper sulphate solution was used in 
conjunction with the Corning filter to absorb infra-red light. 

At the conclusion of the irradiation, the vacuum breaker was broken, and permanent gases 
were removed by a Toepler pump and analysed. Since the volumes were rather small, they 
were measured by expanding the gas into a previously calibrated volume and measuring the 
pressure exerted. 

Results. 

Expt. (i). (ii). 
Spectral TEgion, A. ....ccccocccccccccscccccccccssecocsescossssoccccsscsocessoosceseos 2500—2800 3500—3800 


Temperature 90° 
Sensitivity of thermopile-galvanometer system, ergs/sec./cm. ......... 
Intensity incident on vapour, galvo. deflexions, CM. ...........seeeeeeees 
= transmitted by vapour, galvo. deflexions, cm. 
Time of irradiation, hrs. 
Total energy GHOOEDSd X 107, GLB. cocccccccccsccccccscvcsvccsecssocoscessoes 
Number of quanta absorbed x 10~—!® 
WOR, CE FH CUCRMINS GEG, BE IE PD viccctscsccssiccccscescoveseessecversceses 
Quantum yield of nitric oxide 


(3) Absence of Fluorescence.—In order to ascertain whether the nitrosoamines exhibit any 
fluorescence, a convergent beam of light of small cross-section was passed through a quartz 
bulb containing the vapour. The light source was a horizontal mercury lamp running hot and 
consuming 250 watts; the lamp had a plane window to give a strong horizontal beam, which 
was made to converge by a quartzlens. A side tube containing the liquid nitrosoamine was in 
communication with the bulb, and the pressure in the latter was adjusted to the desired value 
by maintaining the liquid at a suitable temperature. Observations were made at pressures 
from 0-1 mm. up to the vapour pressure at room temperature (ca. 5 mm.). At each pressure, 
the Corning 586 filter and the nickel chloride—chlorine filter were interposed in turn; the 
appearance was also noted when the vapour was irradiated by the full light of the arc. Neither 
nitrosoamine vapour gave any fluorescence under the conditions employed. 


DISCUSSION. 


As with other polyatomic molecules, it is very difficult to assess the precise significance 
of the diffuse bands in the spectra of the nitrosoamines. The difficulty arises partly on 
account of the fact that diffuseness may be due to the overcrowding of rotational structure 
in the spectrum. Alternatively, it may signify the occurrence of a predissociation reaction 
in which the life of the excited state is short compared to the period of one rotation. A 
third factor to be borne in mind is the broadening of rotational lines which must necessarily 
result from intermolecular collisions. It is to be expected that in the case of a large 
molecule such as dimethylnitrosoamine this effect would be considerable, owing to the 
possibility of a comparatively long life in the excited state, in accordance with the views 
of Franck, Sponer, and Teller (Z. physikal. Chem., 1932, B, 18, 88). In such circumstances 
the broadening may obscure the rotational structure completely. 

The fact that decomposition occurs in the region of diffuse bands appears to be evidence 
of a predissociation process, but in view of what has been said above it is impossible to draw 
any definite conclusions with respect to the life of the excited state (except, of course, 
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that in the banded region this is longer than the peridd of vibration). Whichever of the 
above possibilities be accepted, the low quantum yield and the absence of fluorescence show 
clearly that for all wave-lengths of the absorption band a large fraction of the absorbed 
energy is degraded into heat. If the process be a predissociation reaction involving a 
short-lived upper state, it appears necessary to account for the low quantum yield by 
recombination of primary products. On the whole it appears more acceptable to assume 
that the upper state has a longer life, and that the lack of structure is due to overcrowding 
or pressure broadening. The low quantum yield can then be ascribed to internal or external 
degradation of excitation energy to heat. 

The analytical results show that the photolysis of the nitrosoamines is strikingly 
contrasted with that of the simple nitroso-compounds and alkyl nitrites. Whereas with 
the former nitrogen is produced only to a very small extent by secondary reactions, and 
nitrous oxide is absent, with the latter these two substances constitute the major portion 
of the gaseous products. Taken as a whole, the reactions of the nitrosoamines are much 
simpler. For these reasons it is considered that the primary act is the rupture of the 
molecule at the link between the nitrogen atoms, rather than the elimination of an oximino- 
group. A further point of difference is provided by the low quantum yield; the nitroso- 
compounds studied by Anderson, Crumpler, and Hammick (loc. cit.) and Hammick and 
Lister (loc. cit.) exhibit a quantum yield of approximately unity. The energy change 
involved in the primary act [equation (1)] may be calculated from thermal data as follows. 
It is necessary to estimate the energy liberated by a transition in the nitroso-group from the 
univalent state (in nitrosoamine) to the non-valent state (in nitric oxide). The heats of 
formation of nitrosyl chloride and nitric oxide are given in the following equations : 


Cl, + 4N, + 40, —> CINO — 13kg.-cals.. . . . . (a) 
4N, + 40, —> NO — 23 kg.-cals. . . . . . (8) 
Taking the N-Cl and CI-Cl links as 59 and 29 kg.-cals., respectively, we obtain equations 
(c) and (d) from (a) and (bd) respectively : 
_4Cl, + $N, + 40, —> C1 + °-NO — 72 kg-cals. . .*. « (C) 
$Cl, + 4N, + 40, —> C1+ NO—52kg-cals. . . . . @ 


whence we see that the transition -NO > NO liberates 20 kg.-cals. Pauling (J. Amer. Chem. 
Soc., 1932, 54, 3570) has estimated the energy of the N-N bond as 32 kg.-cals. It follows 
that the primary act (1) is endothermic to the extent of about 12 kg.-cals. The minimum 
quantum corresponding to the long-wave limit of absorption is about 71 kg.-cals. Hence, 
when decomposition occurs about 83% of the absorbed energy is converted into heat. 


The author is indebted to Trinity College for a Fellowship which made this work possible, 
and to the Chemical Society for a grant for liquid air. He also wishes to express his sincere 
thanks to Professor R. G. W. Norrish, F.R.S., for helpful advice and criticism. 
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4. A Study of the Photolysis of Organic Nitrogen Compounds. 
Part II. Aliphatic Amines. 


By C. H. BAMForD. 


The photolysis of a number of aliphatic amines in the vapour phase has been 
studied, in order to elucidate the nature of the primary act and of secondary processes 
which occur. From primary and secondary amines, the primary act produces 
hydrogen atoms and alkylamino- or dialkylamino-radicals respectively. Both these 
radicals undergo a disproportionation reaction—the latter exclusively, while the 
former also participate in a reaction producing a Schiff’s base and ammonia. The 
hydrogen atoms were detected by means of their reaction with propylene. Tertiary 

c . 
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_ ainines on ‘irradiation split off‘an alkyl group; the resulting dialkylamino-radicals 
then react as above. The redttions occurring in irradiated mixtures of nitric oxide 
and secondary and tertiary amines are discussed, and attention is directed to the 
interaction of methyl groups and nitric oxide. 


In the photolysis of dimethylnitrosoamine, considerable quantities of hydrogen appear 
among the products if irradiation with the full light of the mercury arc is prolonged (pre- 
ceding paper). One of the main products is dimethylamine, and experiment showed 
that hydrogen is the chief volatile product obtained on irradiation of this substance. It 
was therefore decided to undertake a more complete study of the photochemistry of the 
amines. 

The spectra of the alkylamines have been studied by Herzberg and KGlsch (Z. Elektro- 
chem., 1933, 39, 572), Henri and Lasareff (Compt. rend., 1935, 200, 829), and Emeléus and 
Jolley (1., 1935, 1612). In all cases absorption commences at 2300—2500 a., and extends 
in a series of diffuse bands to shorter wave-lengths. The intensity and diffuseness increase 
as the wave-length decreases; with dimethylamine and trimethylamine the bands 
eventually give place to a continuum. In general, the spectra of the amines closely 
resemble the bands of ammonia, and may be attributed to a similar cause, viz., excitation 
of a non-bonding electron associated with the nitrogen atom (Mulliken, J]. Chem. Physics, 
1935, 3, 506). Banov and Prileshaeva (Compt. rend. Acad. Sci. Russ., 1934, 3, 487) report 
the existence of a fluorescence between 2300 and 2500 a. for ethylamine, but the amines 
studied in the present work show no fluorescence in the visible region; the possibility of 
an ultra-violet fluorescence must remain open. 

The only work on the photolysis of gaseous amines is that of Bates and Taylor (J. Amer. 
Chem. Soc., 1927, 49, 2438), Taylor and Emeléus (zbid., 1931, 53, 3370), and Emeléus and 
Jolley (loc. cit.). Bates and Taylor examined the direct and the mercury-sensitised 
photolysis of ethylamine, and found that hydrogen was the main product, being accom- 
panied by small quantities of nitrogen. The other workers studied methylamine and 
ethylamine, Emeléus and Jolley recording the following reactions for methylamine : 


CH,"NH, + hy — > CH,'NH: + H (a) 
H + CH,NH, -——> CH,’NH: + H, (d) (1) 
2CH,*NH: —> CH,:N-CH,; + NH; (c) 

hydrogen and ammonia being obtained in comparable quantities. It is reasonable to 
assume a similar process in the case of dimethylamine, a hydrogen atom being split off, 


and dimethylamino-radicals formed : 


(CH,),NH + hv —> (CH,),N: + H (2) 
H + (CH,)NH —> (CHj)N-+H,f °° °° 


leading to a decrease in volume and the formation of 1 vol. of hydrogen from 2 vols. of 
amine. It was found, however, that photolysis takes place with very little change in 
volume, and with no formation of ammonia. Further, 1 vol. of amine produces ap- 
proximately 1 vol. of hydrogen. These facts may be explained in a number of ways. 
If (2) is correct, there are the possibilities of : (i) reaction between dimethylamino-radicals, 
producing hydrogen, (ii) a disproportionation reaction between dimethylamino-radicals, 
producing dimethylamine : 
2(CH,),N* —> (CH,),NH + CH,;N-CH, . . . . . (3) 


a reaction which has been shown to occur in the previous paper. If (2) is not correct, a 
third possibility (iii) is that the primary act yields directly molecular instead of atomic 


hydrogen : 


(CH,),NH + hv-—> CH,N-CH, +H, . . . . . (4) 


The alternative (i) is probably not the explanation, since dimethylamino-radicals produced 
by photolysis of dimethylnitrosoamine do not react to form hydrogen. It remains then 
to decide between (ii) and (iii). Emeléus and Jolley (loc. cit.) found that photo-oxidation 
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of methylamine produces little hydrogen, but a yield of ammonia which is only slightly 
less than that obtained in the direct photolysis. They attribute this to the reaction 
between atomic hydrogen and oxygen molecules. Presumably, a similar method could 
be used to distinguish between the alternative reactions (2) and (4). However, pro- 
pylene, which cannot readily form active intermediaries or participate in a chain reaction, 
was used to detect hydrogen atoms, and on irradiation of a mixture of dimethylamine 
and propylene a reduced yield of hydrogen was obtained, together with propane and a 
hexane. These results are in agreement with the reactions : 


N+ Co, —» Gilly 
es Be £ i 
Fe ot 


and the primary act of the dimethylamine photolysis is the formation of hydrogen atoms 
by reaction (2). 

Other amines studied were u-butylamine, m-amylamine, and trimethylamine. With 
the first two the main problem was similar to that described above, viz., whether the 
primary act produces atomic or molecular hydrogen. Irradiation with propylene showed 
that, in fact, hydrogen atoms are formed. With trimethylamine, the primary process is 
shown to be the scission of a methyl group. Since both dimethylamine and trimethyl- 
amine produce dimethylamino-radicals on irradiation, it seemed possible that, when these 
compounds were irradiated in the presence of nitric oxide, dimethylnitrosoamine would be 
formed by the reaction (CH;),N: + NO—~» (CH,),N*-NO. This was not confirmed, 
however, but the experiments are described, since they throw some light on the reactions 
of methyl groups and hydrogen atoms with nitric oxide, and also upon the mechanism of 
the trimethylamine photolysis. 

EXPERIMENTAL. 


I. Photolysis of the Amines. 


The apparatus and method employed were exactly as described in the preceding paper, 
the vapours of the amines being irradiated by the full light of a mercury arc running hot and 
consuming about 300 watts. In the experiments on the simple photolysis of the amines, the 
volatile products were divided into two fractions, usually removed at — 196° and — 100° 
severally. The residues were composed of polymers and unchanged amine. It was frequently 
possible to distil off the latter in a vacuum at room temperature and examine the reactions of 
the polymer. The vapour density of the amine so removed was determined as described in the 
previous paper, to ascertain whether any of the polymer had also distilled. 

When propylene was used, this gas was first introduced into the evacuated apparatus, its 
pressure measured, and its volume at N.T.P. calculated from the known volume of the system. 
The propylene was condensed into the reaction vessel by cooling the latter in liquid air, and the 
amine then distilled in a vacuum. The liquid air was removed, the total pressure measured, 
and after time had been allowed for the vapours to mix by diffusion, irradiation was started. 
At the conclusion of the run, the products were separated into three fractions, removed at 
— 196°, — 120°, and 0°. The first two fractions contained only permanent gases, but the third 
was a liquid which on addition of water produced two layers. The upper one was identified 
as a hydrocarbon (C,H,,), and it was separated and estimated by cooling the whole to about 
— 30°, and distilling off the hydrocarbon in a vacuum into a weighed tube. 

The procedure when nitric oxide was employed was similar, except that the amine was first 
introduced into the system, followed by the nitric oxide (since this has an appreciable vapour 
pressure at liquid-air temperature). In this case the products were separated into two fractions, 
volatile at — 196° and — 120°, and a comparatively non-volatile residue. The last was dis- 
tilled under atmospheric pressure in a micro-distillation apparatus, and then treated as described 
below. 

Permanent gases were in all cases analysed by standard methods in a Bone-and Wheeler 
apparatus. 

Results.—(i) Dimethylamine. (a) Products of photolysis. Two experiments gave the 
results shown in Table I. Volumes are expressed in c.c. of vapour at N.T.P. Fraction II 
contained no portion soluble in water; ammonia was therefore absent. During the experi- 
ments a brown viscous liquid was deposited in the lower portion of the reaction vessel. The 
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weights of polymer and dimethylamine present at the conclusion of the irradiation were estimated 
as follows. After removal of fraction II at — 120°, the residual dimethylamine was distilled 
off in a vacuum at room temperature into a tube, and weighed. Vapour-density measurements 
upon this portion showed that the polymer was slightly volatile, and that a small quantity 
had distilled over with the amine. The weight of volatile polymer present in the latter was 


s 
calculated from the vapour density [the polymer being assumed to be (CH,;‘N-CH,),]. The 
liquid which collected in the reaction vessel was withdrawn by a micropipette and weighed. 
The vessel was then rinsed with pure ether, and the ether slowly evaporated from the extract 


TABLE I, 
Period of irra-~ NHMe, Wt. of 
Expt.  diation (hrs.). decomposed. Hy. CH,. C,H. polymer (mg.). 
i 44 29-5 21-4 4-4 0-2 54 
ii 2 15-0 13-8 2-0 0-1 28 
iii 1 8-3 79 0-4 — —_ 


in a vacuum at about — 30°. The residue was weighed. From these figures the total weights 
of polymer and dimethylamine present could be estimated. The weights of dimethylamine 
decomposed in Expts. (i) and (ii) were 59-2 and 30-1 mg. respectively. The weights of polymer 
formed should be less than these by the weights of volatile products, and thus would be 
expected to be 54-3 and 27-1 mg. respectively. These figures are in good agreement with the 
actual weights obtained (54 and 28 mg.). The polymer was soluble in dilute acids, had a 
marked basic reaction, and gave on microanalysis C, 55-0; H, 12-1; N, 32-9 [Calc. for 
(C,H,N),: C, 55-9; H, 11-5; N, 32-6%)]. 

Table I shows that dimethylamine on photolysis produces approximately its own volume 
of hydrogen. The pressure changes during photolysis were very small, approximately 4% 
of the pressure of dimethylamine decomposed. These facts are in agreement with the mechanism 
expressed in equations (2) and (3). The free radical produced in (3) mainly polymerises : 
similar behaviour for this radical was recorded in the preceding paper. Probably a reorganis- 
ation to form the Schiff’s base CH,:N-CH, occurs, and is followed by the polymerisation of 
the latter. The small quantities of methane and ethane may arise from a subsidiary primary 
act producing methyl groups, most of the latter being hydrogenated at the expense of the 
dimethylamine, or by combination with hydrogen atoms, while some combine to form ethane. 

(b) Experiments with dimethylamine and propylene. Two experiments (see Table II) 


Taste II. 


Time of | Total pressures, Vol. of C,H, Vols. removed after irradiation, c.c. at N.T.P. 
irradiation mm. introduced, ¢ A saint 
Expt.  (hrs.). Initial. Final. c.c.atN.T.P. Hyg. CH,. C.H,. C,H, C,H;,. 
i 8 291 178 23-6 11-9 3-3 9-1 4-1 4:8 
ii 8 390 194 60-0 4-5 2-0 20-0 6-1 15-9 





were performed on the irradiation of mixtures of dimethylamine. The hydrocarbon C,H, 
was identified by its complete inertness to reagents and its molecular weight (85). It had 
b. p. 64—69°; n-hexane has b. p. 68°, so the hydrocarbon probably contains an isomeric hexane, 
e.g., 2-methylpentane (b. p. 60°) or diisopropyl (b. p. 58°). The formation of propane and 
hexane can only be accounted for by the attack of hydrogen atoms on propylene molecules, 
producing propyl or isopropyl radicals, which may either combine with each other to form a 
mixture of hexanes, or be hydrogenated to propane by further combination with hydrogen 
atoms [equation (5)]. According to this mechanism, the volume of propylene which disappears 
in the course of an experiment should equal the volume of propane produced plus twice that 
of the hexane. In Expts. (i) and (ii) the volumes of propylene reacting were respectively 14-5 
and 40-0 c.c., whereas the volumes of propane plus twice that of hexane were 13-7 and 37-9 
c.c., respectively. 

A comparison of Expts. (i) and (ii) further supports the scheme of equation (5). In each 
case the initial pressure of dimethylamine was about 200 mm., but in (ii) the initial propylene 
pressure was about 2-5 times that in (i). The result of this would be expected to be a much 
more complete combination between the hydrogen atoms and propylene, with formation of 
a higher stationary concentration of C,H,: radicals in (ii) but a lower stationary concentration 
of hydrogen atoms. The rate of the reaction 2C,H,* —-> C,H,, would thus be very consider- 
ably increased relative to that of C,H,- + H —> C,H, in experiment (ii). This is.in fact the 
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case. Table II shows that in (ii) as compared with (i) there is a greatly increased yield of 
hexane, and the yield of propane is increased only to a much smaller extent.. These experiments 
thus show conclusively that hydrogen atoms, and not molecules, are the chief products of the 
primary act. The reactions between hydrogen atoms and olefins given above agree with recent 
results reported by Jungers and Taylor (J. Chem. Physics, 1938, 6, 325). 

(c) Experiment with dimethylamine and nitric oxide. A mixture of equal volumes of 
dimethylamine and nitric oxide at a total pressure of 209 mm. was irradiated for 3 hrs. The 
gaseous products were: nitrogen, 3-3 c.c. (25%); hydrogen, 8-5 c.c. (64%); methane, 0-8 c.c. 
(6%); ethylene, 0-6 c.c. (4%), and the final pressure was 164mm. During photolysis a brown 
viscous liquid was deposited in the lower part of the reaction vessel. This was shown by tests 
with anhydrous copper sulphate to contain some water. On distillation in a micro-apparatus 
as described on p. 19, a colourless aqueous liquid with an ammoniacal smell came over first, 
and was followed by a pale yellow fraction. The latter gave only a very feeble Liebermann 
reaction, so the formation of dimethylnitrosoamine in any significant quantity appears doubtful. 
The production of nitrogen and small quantities of ethylene are in agreement with reactions 
(6) and (7), which have already been suggested as secondary reactions occurring to a small 
extent in the photolysis of dimethylnitrosoamine (preceding paper, p. 14) : 


NO+H —> NOH: (a) \ 6) 
(CH,),NH + NOH: —> N, + H,O + 2CH,: (b) ives 2 
(CH,),N-+NO —>C,H,+N,+H,O Ie oleh 


Since the yield of ethylene is much smaller than that of nitrogen, reactions (6) must be 


responsible for most of the latter. 
(ii) n-Butylamine. (a) Products of photolysis, Table III gives the results of a number 
of experiments with this amine. In all experiments except (iv) liquid butylamine was refluxed 


TABLE III. 


Products (c.c. at N.T.P.). 

Time of irra- A — Ratio Js. 

Expt. ‘diation (hrs.) Hy. H,. . C3Hg. NH, 
i) ; 5-6 : \. 1-95 
18 : 35- ° ; 1-84 

" 36- . . 1-84 

: . . 1:84 

(1-87 

Mean 1-87 





gently in the reaction vessel, and the vapour irradiated. Expt. (iv) was performed in the absence 
of liquid to ascertain whether there was any change of pressure on photolysis. 

Fraction II, containing the ammonia and propane, was distilled off at — 100°. On treat- 
ment with water in the gas burette, the major portion dissolved very rapidly, and the solu- 
tion had the smell and reactions of ammonia. The small quantity of residual gas was identified 
as propane by explosion with oxygen. In Expt. (ii) the volatile products were removed from 
the reaction vessel at intervals of 8 hours (except for the last interval of 2 hours). The object 
of this was to prevent any considerable decomposition of the ammonia, and also to facilitate 
the refluxing of the butylamine (which, of course, occurs less readily the higher the pressure 
in the system). The operation was carried out by cooling the liquid in the reaction vessel to 
— 80° and removing Fraction I with the Toepler pump, through two liquid-air traps. During 
this process some butylamine which remained uncondensed in the reaction vessel was collected 
in the traps; the latter were therefore allowed to warm to room temperature, and the contents 
(butylamine, ammonia) condensed into the reaction vessel cooled in liquid air. Finally, the 
reaction vessel was maintained at — 80°, and the ammonia distilled off into a trap. The 
butylamine was then refluxed, and irradiation continued. The whole process was repeated 
after 8 hours, and again at the end of the experiment. Similarly, in Expt. (iii) volatile products 
were removed at intervals of 4 hours (except for the final interval of 2}? hours). It will be seen 
from Table III that the hydrogen and ammonia are not equivalent, as was found by Emeléus 
and Jolley (loc. cit.) in the photolysis of methylamine. This does not appear to be due to the 
secondary decomposition of ammonia, for the following reasons: (1) The ratio H,/NH; is 
constant for different periods of irradiation from 1 to 8 hours (Table III). This would certainly 
not be so if there was any appreciable photolysis of the ammonia [contrast, e.g., the ratio 
H,/CH, (Table VI) in the photodecomposition of trimethylamine: in this case the hydrogen 
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is due to a secondary decomposition, and the ratio varies from 1-4 for 114 hours’ irradiation 
to 0-19 for $ hour]. (2) No nitrogen was ever detected in the photolysis of n-butylamine. 
(It is of course possible to photolyse ammonia without any formation of nitrogen, but only 
under carefully chosen conditions.) (3) It is shown below that the primary act in the photo- 
decomposition of »-butylamine produces hydrogen atoms; the latter, however, are known to 
have a very strong inhibiting effect on the photolysis of ammonia (Melville, Trans. Faraday 
Soc., 1932, 28, 885). In order to test this point further, the experiments of Emeléus and 
Jolley on methylamine were repeated. 70 Mm. of the amine were irradiated for 8 hours; 
after removal of hydrogen at — 196°, a second fraction, containing ammonia and methylamine, 
was distilled off at — 120°. The ammonia was estimated by vapour-density measurement. 
The volumes of hydrogen and ammonia obtained were 11-0 and 10-8 c.c. (N.T.P.) respectively. 
No appreciable secondary decomposition therefore occurred in this experiment, and it may be 
concluded that all the evidence and reasoning points to the absence of secondary decomposition 
of ammonia during the photolysis of »-butylamine. 
A mechanism similar to that proposed for methylamine by Emeléus and Jolley is given 

below : 

CH,Pr-NH, + hy —»> CH,Pr-NH: + H (a) | 

H + CH,Pr-NH, -——> CH,Pr-NH: + H, (b) oe, 

2CH,Pr-NH- —> CHPr:N-CH,Pr + NH; (c) | 


Since the hydrogen is in excess of the ammonia, not all the butylamino-radicals formed in 8(a) 
and (b) react according to 8(c). Now in Expt. (iii) (Table III) the weight of butylamine intro- 
duced initially into the apparatus was 183-2 mg. This was decomposed nearly completely 
(only a trace of amine could be detected in the residue after photolysis). The maximum yield 
of hydrogen from this weight of butylamine, on the basis of 8(a) and (bd), is 28-1 c.c., whereas 
36-2 c.c. were obtained. Hence, those butylamino-radicals which do not react according to 
8(c) probably either (1) react together giving hydrogen or (2) undergo disproportionation 
regenerating butylamine : 


2CH,Pr-‘NH: —> CH,Pr‘NH, + CH,PrN: . .. . . (9) 


The similarity between equations (9) and (3) is at once apparent, and this suggests strongly 
that the second alternative is the correct one. A further possible explanation of the high yield 
of hydrogen is that molecular instead of atomic hydrogen results from the primary act, but this 
is excluded, since the next experiment shows that irradiation actually produces atoms. On the 
basis of equations (8) and (9) the maximum yield of hydrogen from the above weight of 
amine is 36-7 c.c. 

Since, in Expt. (iv) no liquid was present, and the initial and the final pressure were 58-0 
and 59-6 mm., respectively, there is no appreciable volume change during photolysis, in agree- 
ment with the scheme of equations (8) and (9), irrespective of the relative probabilities of (8)(c) 
and (9). Actually the ratio of these probabilities is [NH] /({H,]-[NHs]) or about 1 : 0-9. 

During the irradiation, a viscous brown polymer was deposited in the lower part of the 
reaction vessel. On treating this with dilute hydrochloric acid, the characteristic smell of 
higher aldehydes at once became apparent. When the liquid was nearly neutralised with 
sodium hydroxide and Schiff’s solution added, an immediate pink colour was developed, show- 
ing the presence of aldehyde. This behaviour would be expected from the polymer produced 
by (8)(c), the N°C bonds being broken by treatment with acid, with formation of a carbonyl 
compound and a primary amine. Examination showed that the polymer consists of at least 
two substances. One may be fairly completely removed by very prolonged distillation in a 
vacuum, the other remaining behind. The former has a characteristic fragrant odour, and 
gives the reaction with hydrochloric acid mentioned above, but the other is odourless and in- 
active. The latter polymer appears to be the substance formed by the polymerisation of the 
CH,Pr-N: radicals produced by reaction (9). The small quantities of propane are probably 
due to the occurrence of the reaction 


en eS: eT 


Traces of cyanide were detected in the residue after the removal of fraction II in Expt. (iv). 

(b) Experiments with n-butylamine and propylene. An experiment in which butylamine 
vapour was irradiated in the presence of 130 mm. of propylene gave the results shown in 
Table IV, from which it appears that »-butylamine behaves very similarly to dimethylamine 
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when irradiated with propylene, the latter being partly converted into propane and hexane. 
Some of this propane is produced from the amine; Table III shows that the amount of propane 
is rather variable, but its volume may be taken as about one-tenth of that of the ammonia. 
Hence, in Table IV about 0-8 c.c. of propane arises from direct photolysis, the remainder (2-7 


TABLE IV. 


Time of Vol. of C,H, Vols. removed after irradiativa (c.c. at N.T.P.). 
irradiation introduced ous A ’ 
(hra.). (c.c. at N.TP.). CH, H,. C3Hg. C3H<g. NH3. CoH yg. 
8} 26-7 0-5 8-7 16-2 3°5 8-0 3°5 





c.c.) coming from the hydrogenation of the propylene. As stated on p. 20, the mechanism 
of equation (5) predicts equality between the volume of propylene which is used up and the 
sum of the volumes of propane and twice the hexane. This sum is 9-7 c.c., whereas the volume 
of propylene used is 10-5c.c. The quantitative agreement is thus satisfactory. Further, the 
total hydrogen which would have been formed in the absence of propylene is [H,] + [CsH,] + 
[C,H,,], z.¢e., 14:9 c.c. The ratio H,/NH, is therefore 1-86, in good agreement with the mean 
value (1-87) for the experiments recorded in Table III. 

The present experiments thus show that the primary act in the photolysis is the formation 
of hydrogen atoms by cies (8)(a), the other reactions occurring being represented by 
(8)(0),(c) and (9). 

(iii) n-Amylamine. The results of two experiments on the photodecomposition of this 
amine are recorded in Table V. Volumes of products are expressed in c.c. at N.T.P. 


TABLE V. 


Products (c.c. at N.T.P.). 
Time of irra- . + Ratio ds 
Expt. diation (hrs.). H,. CH,. NH3. C,Hy. NH, 
i 2 4-5 0-1 1-8 0-2 2-5 
ii 8 16-0 0-2 6-1 0-6 2-6 





In its main features the photolysis resembles that of m-butylamine very closely. The ratio 


H,/NH, is approximately the same in the two experiments, suggesting that there is little 
secondary decomposition of the ammonia. As with n-butylamine, a viscous polymer was 
formed which appeared to consist of two substances; the more volatile produced an aldehyde 
when treated with hydrochloric acid, but the other was inert. The reactions which occur on 
irradiation are thus completely analogous to those expressed in equations (8) and (9). 

(iv) Trimethylamine. (a) Products of photolysis. The results of a series of experiments 
are in Table VI. Fraction II was distilled off at — 130°, at which temperature trimethyl- 


TABLE VI. 


Press. (mm.). Products (c.c. at N.T.P.). 
Period of irra- — wn ‘ i A . 
Expt. diation (hrs.). _ Initial. Final. Hg. CH,. C,H,. 
i 11} 197 194 9-3 6-6 4-3 
ii 1 168 165 0-4(7) 1-1 0-7 
iii 4 190 189 0-1(3) 0-8 0-9 








amine is not appreciably volatile. It contained no portion soluble in water. Ammonia was 
therefore absent. 

Table VI shows that there is a remarkable variation in the relative yields of the products 
as the period of irradiation is altered: with ~ period of 11} hours, hydrogen constitutes 46% 
of the total gaseous products, whereas with a } hour period the proportion has fallen to 9%. 
This can be explained if the primary act is the splitting of a methyl group from the molecule : 


(CH,);N + hv—> (CH,),N'-+CH;s . . . .. | (12) 


The dimethylamino-radicals then react in the usual way according to equation (3), producing 
dimethylamine, some of which undergoes photolysis with formation of hydrogen atoms. 


Polymerisation of the radical CH,-N-CH, produced by (3) accounts for the formation of a 
brown viscous liquid during photolysis. This substance is identical with the polymer produced 
by the irradiation of dimethylamine. The methane (Table VI) may result either from the 
hydrogenation of methyl groups at the expense of the amine, or by the combination of methyl 
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and hydrogen atoms. There is some evidence that the latter process occurs when irradiation 
is prolonged. From Table VI it appears that a short period of irradiation increases the ratio 
of ethane to methane. This is what would be expected, since under such conditions there is 
less secondary decomposition of dimethylamine and thus a smaller formation of hydrogen 
atoms. More methyl groups therefore combine with each other and fewer with hydrogen atoms, 
i.e., the yield of ethane relative to methane is increased. 

(b) Experiments with trimethylamine and nitric oxide. Table VII summarises the results 
of two experiments. A white cloud was formed in the reaction vessel immediately irradiation 


TABLE VII. 


Period of Press. (total), | NO intro- Vols. removed after irradiation (c.c. at N.T.P.). 
irradiation mm. duced,c.c. — he " 

Expt. (hrs.). Initial. Final. at N.T.P. Hyg. CH,. N,. C,H,. C,H,. NO. 
i 20 305 223 50-0 16-5 5-8 3-2 1-5 0-3 18-1 

ii 10 353 258 69-9 8-3 1-3 7-7 - = =Q2 0-6 20-9 


was started, the effect being very much more pronounced in Expt. (ii) with a higher pressure of 
nitric oxide. In both experiments a brown liquid was deposited in the lower part of the 
reaction vessel. This was shown to contain a considerable quantity of water. On distillation 
in a micro-apparatus, as described on p. 19, a colourless aqueous liquid came over first with a 
strongly basic smell, and was followed by a yellowish portion. This liquid gave only an 
extremely feeble Liebermann reaction, so dimethylnitrosoamine (which might possibly have 
been formed by the union of Me,N + NO) was present only in traces, if at all. Indeed, so far 
as could be ascertained the original liquid seemed to be identical with an aqueous solution of 
the polymer formed when trimethylamine (or dimethylamine) is irradiated. However, in both 
experiments a considerable volume of nitric oxide disappears; only a relatively small portion 
of the nitrogen content of this appears in the free state or as a nitroso-compound. The nitric 
oxide is clearly removed by reaction with methyl groups. On testing a portion of the residue 
for cyanide after removal of fraction II, an extremely strong positive Prussian-blue test was 
obtained. These facts are in agreement with the following reaction between methyl groups 
and nitric oxide : 





Ci, 4 NO pRONEEO . 6 wa, ks a 


(cf. Davis, Jahn, and Burton, J. Amer. Chem. Soc., 1938, 60, 10). No cyanide could be detected 
among the products of the simple photolysis of trimethylamine. The union of trimethylamine 
and hydrogen cyanide may be responsible for the cloud observed at the beginning of the 
experiments. If all the nitric oxide which disappears reacts with methyl] radicals, each of the 
latter fixing one molecule of nitric oxide, then the total number of c.c. of methyl groups liberated 
during photolysis will be [NO] + [CH,] + 2[C,H,]. In this way the “ yields of methyl groups ” 
are seen to be 2-0 and 5-1 c.c./hr. in Expts. (i) and (ii) respectively. Increasing the con- 
centration of nitric oxide thus appears to increase the efficiency of the primary process, and it 
may well do this by removing methyl groups, and thus impeding the reverse reaction Me,N- + 
Me —> Me,N. 

The nitrogen and ethylene formed (see Table VII) probably arise from reactions (6) and (7). 


Il. Absence of Fluorescence. 


The apparatus used to test the fluorescence was described in the preceding paper. Ex- 
periments were performed at pressures in the range 0-1—50 mm. (except in the case of amyl- 
amine, which has a saturation vapour pressure of about 20 mm. at room temperature). The 
full light of the hot mercury arc was employed, stray light being carefully excluded. No 
fluorescence was visible at any pressure for any of the amines. In order to ensure that this 
was not due to faulty observation, some acetone was introduced into the apparatus, and its 
characteristic fluorescence was easily visible. 


DISCUSSION. 


The foregoing experiments show that the primary act in the photolysis of the primary 
and secondary amines studied is the splitting off of a hydrogen atom from the molecule : 


R-NH, + hv —> R-‘NH: +H 


K'>NH + lv —> p>N + H (13) 
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The resulting alkylamino- or dialkylamino-radicals then undergo a disproportionation 
reaction, with formation of the original amine and a bivalent radical which subsequently 
polymerises, ¢.g., 

2CH,Pr'NH> —-> CH,Pr-NH, + CH,Pr-N: (a) 

2N(CH;), —-> NH(CH;), + CH,‘N-CH,; (6) 

Whereas (14)(b) appears to be the only reaction undergone by the dialkylamino-radicals 
from the secondary amines, the alkylamino-radicals from the primary amine can also 
react thus: 


(14) 


2R-CH,.NH: —> R:CH,N:ICHR + NH,. . . . . (15) 


It appears that the probability of (14)(a) compared to that of (15) increases as the length 
of the hydrocarbon chain increases. With methylamine the former reaction does not 
occur, since the hydrogen and ammonia obtained are equivalent. With »-butylamine 
and u-amylamine the ratios of the probabilities (14)(a) : (15) are 0-87 and 1-6 respectively. 
The hydrogen atoms produced by the primary process may either recombine by a three- 
body collision, or attack a further amine molecule according to equations (1)(b) and (8)(d). 
As far as the final products are concerned, these reactions are indistinguishable, but the 
latter appears more probable since the recombination process would be very slow. In 
the case of trimethylamine, the primary process is the scission of a methyl group, which 
may subsequently hydrogenate or dimerise. The resulting dimethylamino-radicals 
disproportionate in the usual way according to (14)(b), so that some dimethylamine is 
formed. 

The similarity between the spectra of ammonia and the alkylamines suggests that the 
latter undergo a predissociation reaction on irradiation. As mentioned in the preceding 
paper, however, there may be no close correlation between the lifetime of the excited state 
and the diffuseness of the spectrum in the case of these polyatomic molecules. 

These higher amines show no reaction corresponding to the type II decomposition 
found for long-chain carbonyl compounds by Norrish and his collaborators (see, ¢.g., 
Norrish and Appleyard, J., 1935, 1504). This type of reaction consists in a rupture of 
the hydrocarbon chain between the a- and the 8-carbon atoms with formation of an olefin 
and a simpler carbonyl compound. A similar process would entail the formation of 
propylene and methylamine from m-butylamine, and neither of these compounds was 
identified. 

The reactions occurring during the photolysis of the amines in the presence of nitric 
oxide are, in general, complex. Nitrogen appears among the products, and is probably 
formed mainly by the reactions (6)(a), (6). It would not seem that reaction (6)(a) is very 
efficient, since the hour yield of hydrogen in the photolysis of dimethylamine is not 
appreciably altered by the presence of nitric oxide. The values of the hour yield in the 
presence and absence of nitric oxide are 2-3 and 3-3 c.c./hr. respectively. On the other 
hand, reaction (12) appears to be efficient, addition of nitric oxide to trimethylamine 
during photolysis causing the rapid removal of methyl groups, and a consequent increase 
in the quantum yield by the suppression of the back reaction (see p. 24). A comparison 
of Tables I and VI shows that the rate of ‘production of hydrogen atoms by the primary 
act in the case of dimethylamine is about 6—7 c.c./hr., whereas that of methyl groups 
produced by the primary process in trimethylamine is only 3—4 c.c./hr. The absorption 
spectra are such that trimethylamine absorbs a number of strong mercury lines, to which 
dimethylamine is transparent. The quantum yield for the secondary amine is thus 
considerably higher than that for the tertiary. This may be attributed to the more 
frequent occurrence of the recombination reaction (Me,N: + Me —> Me,N) with tri- 
methylamine, due perhaps to a larger stationary concentration of methyl groups during 
the trimethylamine photolysis than hydrogen atoms during the photodecomposition of 
dimethylamine. 

Finally, it may be noted that the occurrence of reaction (12) would explain the observ- 
ation of Mitchell and Hinshelwood (/oc. cit.) in the photolysis of acetone in the presence of 
nitric oxide. These authors recorded that no product was detectable which did not appear 





26 Bowden : 


in the photolysis of acetone alone, except a little carbon dioxide formed by oxidation of 
carbon monoxide. This is probably due to the fact that the hydrogen cyanide formed 
by the action of methyl groups on nitric oxide (12) would form an addition compound 
with acetone, and thus escape detection. 


The author is indebted to Trinity College, Cambridge, for a Fellowship which made this 
work possible, and to the Chemical Society for a grant for liquid air. He wishes to express 
his sincere thanks to Professor R. G. W. Norrish, F.R.S., for kind advice and criticism. 
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5. Free Radicals and Radical Stabililty. Part I. The Influence of 
the Phenoxyl Group on Radical Stability and Merisation. 


By SyDNEY T. BOWDEN. 


For the purpose of ascertaining the influence of the phenoxy] group on the strength 
of the ethane linkage in tetraphenyldiphenoxyethane, the behaviour of the compound 
has been compared with that of hexaphenylethane and other dissociating systems. 
The stabilising influence of the phenoxyl group on the radical is considerably lower 
than that of a phenyl group, and the molecular weight of the substance in benzene is 
normal. In view of Schmidlin’s criticism of Wieland’s hypothesis that tetraphenyl- 
diphenoxyethane dissociates into free radicals, the colour changes exhibited by the 
substance have been observed under a variety of conditions. These experiments show 
that dissociation occurs at high temperatures, but there is no exact reversibility in the 
colour changes owing to the formation of decomposition products. 

Further evidence has been adduced to show the essential similarity in the dis- 
sociation phenomena of hexaphenylethane, diphenylbisdiphenylene-ethane, and 
tetraphenyldiphenoxyethane. The widely different reactivities towards oxygen are 
referred to the difference in merisation tendency which determines the rate of breaking 
down into free radicals. It is shown that the velocity of dissociation of diphenyl- 
bisdiphenylene-ethane is about twenty times greater than that of tetraphenyldiphen- 
oxyethane. A general classification of free radical systems according to their 
merisation tendency is suggested. 

Tetraphenyldiphenoxyethane does not absorb iodine at the ordinary temperature, 
but an absorption corresponding to 0-28 mol. occurs at 110°. The compound also 
reacts with sodium at the ordinary temperature to form the deeply coloured addition 
derivative analogous to sodium triphenylmethide, but the metal is without action on 
the isomeric triphenylmethyl peroxide under these conditions. Tetraphenyldi- 
phenoxyethane is photochemically stable, and does not give coloured solutions in 
liquid sulphur dioxidé. In this and other respects there is a marked similarity 
between this substance and diphenylbisdiphenylene-ethane. 


THE development of colour in hot solutions of tetraphenyldiphenoxyethane led Wieland 
(Ber., 1911, 44, 2550) to postulate a reversible thermal dissociation, analogous to that of 
hexaphenylethane apart from the fact that the amount of unimolecular radical is much 


lower : 


OPh:CPh,°CPh,-OPh =~ 2CPh,(OPh)- 


Schmidlin (‘‘ Das Triphenylmethyl,”’ Stuttgart, 1914) criticised this view on the grounds 
that the evidence for the dissociation rests solely upon the generation of colour and that 
this alone is not sufficient to justify the assumption that free radicals are produced. In 
order to obtain further information on this point and, more particularly, to ascertain the 
influence of the phenoxyl group in these derivatives, the molecular state, colour, and re- 
activity of tetraphenyldiphenoxyethane have been examined under a variety of conditions. 

Ebullioscopic determinations in benzene indicate that the dissociation of tetraphenyl- 
diphenoxyethane is not of measurable magnitude at the b. p. of benzene. Wieland’s 
observation that there are definite colour changes when the substance is heated in a high- 
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boiling solvent in the absence of oxygen was confirmed. Although the intensity of the 
colour increases with temperature, there is no exact reversibility in the colour changes, 
and the postulation of a thermal dissociation does not therefore completely express the 
features observed. The colour depends, not only upon the temperature, but also upon the 
previous thermal treatment to which the solution has been subjected. Dissociation and 
decomposition phenomena are thus involved, and the substance is converted entirely into 
diphenyldiphenoxymethane and tetraphenylethylene at elevated temperatures. 

A direct comparison of the thermal behaviour of tetraphenyldiphenoxyethane and 
diphenylbisdiphenylene-ethane reveals essentially similar features. Apart from the fact 
that the temperature at which colour is observed is lower by 25—35° and that there appears 
to be a truer approach to exact reversibility in the case of the latter, the behaviour of the 
two substances is analogous and is undoubtedly to be referred to the same cause. The 


8. 


OPh:CPh——CPh-OPh => 
(I.) 


H H H... 
C. Ce 4 —_ Ce S—- 3 =—= Ce 4 
SCH, CHO CHO 
(IV.) (V.) (V1.) 


dissociation of tetraphenyldiphenoxyethane (I) at 160° involves the production of the 
radical diphenylphenoxymethy] in much lower concentration than that of triphenylmethyl 
in the hexaphenylethane system at ordinary temperature. On the premises of the electronic 
theory of radical stability proposed by Burton and Ingold (Proc. Leeds Phil. Soc., 1929, 1, 
421; Trans. Faraday Soc., 1934, 30, 52), it is clear that the contribution of the phenoxyl 
group to the stabilising effect is considerably lower than that of a phenyl group. 

The colour of the solution may also be due to formation of the quinonoid modification 
(III). According to Gomberg and his school, the formation of quinonoid forms in the 
triarylmethyls increases with temperature much more rapidly than the degree of dissociation. 
These systems, however, have been examined at temperatures far removed from the 
temperature of incipient dissociation, 7.e., the temperature at which the ethane derivative 
begins to break down appreciably into free radicals. For example, it is known that a 
solution of triphenylmethyl in chloroform becomes colourless at —63°. A study of the 
available data leads us to believe that the quinonoid formation will largely vanish as the 
system approaches the temperature of incipient dissociation. It appears, therefore, that 
the behaviour of tetraphenyldiphenoxyethane at 160° is similar to that of hexaphenyl- 
ethane at —63° and that formation of quinonoid structure occurs only at the higher 
temperatures preceding its decomposition into diphenyldiphenoxymethane and tetra- 
phenylethylene. 

The absorption of oxygen by the hexa-arylethanes is extremely rapid at room temper- 
ature and is usually accompanied by the discharge of the characteristic colour of the free 
radical and the formation of the corresponding triarylmethyl peroxide. We find that 
tetraphenyldiphenoxyethane also absorbs oxygen at ordinary temperature, but consider- 
ably more slowly than a typical radical system. Moreover, the solution, though initially 
colourless, becomes coloured at an early stage of the process and finally assumes a deep 
yellow colour when the oxidation is complete. The oxygen absorbed by hexaphenylethane 
corresponds quantitatively with the union of 1 mol. of the gas and the formation of a white 
peroxide and a yellow oil, each of composition CPh,-O-O-CPh,. The oxidation of tetra- 
phenyldiphenoxyethane, however, corresponds with the absorption of nearly 4 mols. of 


CoH, 
C,H. 
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oxygen, and it is not possible to isolate the primary oxidation product. If, therefore, the 
initial oxidation is of the same character as that of hexaphenylethane, it is evident that 
the normal oxidation product CPh,(OPh)-O-O-CPh,°OPh or its precursor CPh,(OPh)O-O- 
is unstable and undergoes a further complex oxidation involving the absorption of nearly 
3 mols. of oxygen. Triarylmethyl peroxides are generally stable towards oxygen at room 
temperature, but several cases are known where the free-radical system absorbs the gas 
in excess of the theoretical value. For instance, Gomberg and Forrester (J. Amer. Chem. 
Soc., 1925, 47, 2373) observed that the dimethoxytriphenylmethyls absorb more than 
1-5 mols., and Conant and Evans (ibid., 1929, 51, 1925) reported an absorption of 2-5 mols. 
in the oxidation of certain substituted dixanthyls. These secondary reactions, however, 
take place comparatively slowly and may be disregarded in the discussion of the kinetics 
of the primary oxidation. 

The amount of ethane derivative oxidised in unit time will depend chiefly upon (a) the 
rate of combination of oxygen with the unimolecular radical, (b) the amount of free radical 
in solution, and (c) the rate of dissociation of the ethane into free radicals. In the case 
of completely dissociated ethane derivatives, the rate of oxidation does not depend on (c), 
but in systems containing a low concentration of free radical this reaction may be the 
controlling one, as Conant and Evans (loc. cit.) have shown. Ziegler and his co-workers 
(Annalen, 1929, 473, 163; 1930, 479, mr. 1933, 504, 182) have made precise measure- 
ments of the rate of dissociation by studying the reaction with iodine, nitric oxide, and 
oxygen. The kinetics of reaction with oxygen reveal that the process is complex, since the 
gas reacts, not only with the free radical, but also to some extent with the ethane. The 
interaction of triphenylmethyl and iodine furnishes an exact method of measuring the 
speed of dissociation, but unfortunately the method cannot be applied to tetraphenyl- 
diphenoxyethane, since it does not react with the halogen at room temperature. According 
to Mithoff and Branch (J. Amer. Chem. Soc., 1930, 52, 255), the rate of oxidation of tri- 
' phenylmethyl in carbon tetrachloride solution is proportional to the concentration of the 
hexaphenylethane and to a complicated function of the oxygen pressure, whereas Conant 
and Evans found that the rate of oxidation of the dixanthyls is independent of the latter 
factor. The behaviour of tetraphenyldiphenoxyethane in this connexion, and the question 
of the activation energy of the reaction, will be discussed in a further communication. 

Apart from these considerations, however, we may employ the term “ merisation 
tendency ’”’ to designate the fundamental characteristic of an ethane derivative of dis- 
sociating into radicals. The term is thus to be connected with the rate of dissociation of 
the ethane derivative in a system in which the concentration of the free radical is main- 
tained at zero. This concept leads to the arbitrary division of free-radical systems into 
two general classes : (i) systems in which the merisation tendency is high, as in the case of 
hexaphenylethane ; (ii) systems in which the merisation tendency is low, as in tetraphenyl- 
diphenoxyethane. On this basis the difference in the speed of reaction with oxygen, etc., 
is to be referred to the difference in merisation tendency, since this determines the rate of 
equilibration of the system. In one experiment at 18° a solution of hexaphenylethane 
absorbed 1 mol. of oxygen in 3 mins., whereas the corresponding absorption in the case of 
tetraphenyldiphenoxyethane required 3 hours. 

The merisation tendency of diphenylbisdiphenylene-ethane (IV) is considerably lower 
than that of hexaphenylethane, and a comparison was therefore instituted between the 
former and tetraphenyldiphenoxyethane. The fraction (F) of the ethane oxidised is a 
measure of the rate of dissociation, and by plotting the expression — log(1 — F) against 
the time, as in Fig. 1, it is possible to obtain the value of k, the velocity constant of the 
dissociation. The value for diphenylbisdiphenylene-ethane is affected by the circumstance 
that accurate measurements of the rate of oxygen absorption could not be made owing to 
the rapidity with which the reaction takes place. However, the estimate based on the 
slope of the curves shows that the rate of dissociation is nearly 20 times greater than that 
of tetraphenyldiphenoxyethane. 

The Prussian-blue test developed by Conant and Evans (loc. cit.) furnishes a further 
indication of the great difference in the rates of oxidation of diphenylbisdiphenylene- 
ethane and tetraphenyldiphenoxyethane. Reduction of ferric chloride is effected by the 
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former substance in 1—2 mins. and by the latter in 10—15 mins. If we assume that the 
reaction proceeds through the free-radical mechanism, these values are likewise determined 


Fic. 1. 














10 20 30 
Time (mins.) 
(1) Tetraphenyldiphenoxyethane. 
(2) Diphenylbisdiphenylene-ethane. 


by the merisation tendency of the ethane derivative. The dissociation phenomena in the 
case of these two substances may therefore be summarised as follows : 


Velocity constant of Time for Prussian- Temp. for generation 
dissociation, k x 10°. blue test, mins. of colour. 


Diphenylbisdiphenylene-ethane ... 85-4 1—2 ca. 130° 
Tetraphenyldiphenoxyethane 4-4 10—15 ca. 160 


Although hexaphenylethane reacts rapidly with iodine to form an equilibrium mixture 
containing about 80% of triphenylmethyl iodide, the absorption of iodine by benzene 
solutions of tetraphenyldiphenoxyethane is negligible during 24 hours at room temperature. 
However, as observed by Professor Blicke (private communication), hot xylene solutions of 
the compound absorb iodine very rapidly. According to the present measurements, the 
absorption of iodine at 110° amounts to 28% of the theoretical value corresponding with 
the formation of diphenylphenoxymethy]l iodide. In this connexion, it is significant that 
iodine is not absorbed by diphenyldiphenoxymethane under similar conditions. 

The treatment of an ethereal solution of hexaphenylethane with sodium leads to iso- 
merisation and the production of p-benzhydryltetraphenylmethane (Schlenk and Marcus, 
Ber., 1914, 47, 1678), and it is necessary to treat triphenylmethyl chloride with sodium 
amalgam in order to prepare sodium triphenylmethide. When a suspension of tetraphenyl- 
diphenoxyethane in ether is shaken with sodium powder in an inert atmosphere, the 
colourless solution becomes yellow, and is deep red after a few days owing to the formation 
of the highly reactive sodium derivative. The isomeric triphenylmethyl peroxide, however, 
does not react appreciably with sodium under these conditions. 

The fact that solutions of hexa-arylethanes in ionising solvents such as liquid sulphur 
dioxide are intensely coloured and contain the. corresponding triarylmethy]l ions led us to 
examine the behaviour of tetraphenyldiphenoxyethane and diphenylbisdiphenylene-ethane 
in this solvent. The solubility of both substances is, however, very low, and the solutions 
are colourless and non-conducting. Finally, in view of the comparatively rapid photo- 
chemical autoxidation and reduction of hexaphenylethane in non-ionising solvents, the 
possibility of a similar reaction in the case of tetraphenyldiphenoxyethane was also 
examined, but no appreciable photodecomposition was observed on exposure of the 


solutions to sunlight. 
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Tetvaphenyldiphenoxyethane.—A benzene solution of pure triphenylmethyl chloride was 
reduced to the free radical by shaking it with excess of mercury in a sealed vessel for several 
hours (Gomberg, J. Amer. Chem. Soc., 1900, 22, 757). After standing overnight, the yellow 
solution was siphoned through a filter, and air passed through the filtrate to oxidise the free 
radical. The precipitated triphenylmethyl peroxide, m. p. 179°, was slightly yellow, but after 
being washed with warm acetone it was sufficiently pure for the next operation. 

The conversion of the peroxide into tetraphenyldiphenoxyethane was carried out by heating 
the finely-powdered material (10 g.) with xylene (30 c.c.) for 8 mins. in an atmosphere of carbon 
dioxide and then adding absolute alcohol (35 c.c.), as recommended by Wieland (loc. cit.). All 
the operations were conducted in an atmosphere of carbon dioxide purified as described by 
Bowden and Jones (J., 1928, 1154). Recrystallised from benzene, the tetraphenyldiphenoxy- 
ethane formed perfectly white crystals, m. p. (vac.) 214-5—216°. 

Diphenylbisdiphenylene-ethane.—A solution of pure triphenylmethyl chloride (15 g.) in dry 
benzene (100 c.c.) was shaken with pure mercury (8 c.c.) in a sealed bottle. After standing for 
several hours to allow mercurous chloride to settle, the solution was slowly siphoned under 
carbon dioxide into a flask, which was then hermetically sealed. The yellow solution of tri- 
phenylmethyl was exposed to bright sunlight for 2 or 3 days until it was almost completely 
decolorised (Schmidlin and Garcia-Banus, Ber., 1912, 45, 1344; Bowden and Jones, Joc. cit.). 
The white crystals of diphenylbisdiphenylene-ethane which separated during the latter stages 
of the photodecomposition were recrystallised from benzene in an atmosphere of carbon dioxide 
and melted at 225°. 

Molecular Weight of Tetraphenyldiphenoxyethane in Benzene.—These ebullioscopic determin- 
ations were carried out by the method of electrical heating while a slow stream of oxygen-free 
nitrogen was passed through the apparatus. The substance dissolved rapidly in the boiling 
solvent, and readings of the b. p. were taken as soon as dissolution was complete. With a 
solute concentration of 3-7%, the values of M obtained in the course of 3 mins. were 533, 521, 
494; mean, 516 (Calc.: M, 518). This method thus affords no indication of the dissociation of 
the substance under these conditions. 

Colorimetric Experiments.—(a) Xylene solutions. Tetraphenyldiphenoxyethane dissolved 
slowly in xylene at 80°, and in the absence of oxygen the solution remained colourless for about 
an hour at 100°, but finally assumed a pale brownish-yellow colour, which was not discharged on 
cooling to the ordinary temperature. When tetraphenyldiphenoxyethane was dropped: into 
boiling xylene (138°) the solution was lemon-yellow with a pronounced pinkish tinge. On rapid 
cooling, the intensity of the colour decreased, but the solution did not become colourless even 
at 0°. 

(b) Naphthalene solutions. The substance dissolved readily in naphthalene at 80° to yield 
a colourless solution. When the temperature was raised to 100°, the 2% solution became pale 
brown after 40 mins. When the solidified solution was kept at room temperature for 2 hours 
and again remelted, the first runnings of the melt were pale yellow. 

Two experimental tubes were charged with equal amounts of naphthalene, and the temper- 
ature raised to 100° before addition of'equal quantities of tetraphenyldiphenoxyethane under 
nitrogen. After the tubes had been heated in separate baths to 150°, one tube was maintained 
at this temperature while the other was cooled to the freezing point of the solution. There was 
a pronounced loss of colour in the latter, but the solution assumed its former colour intensity 
when re-heated to 150°. Rigorous colorimetric tests for reversible dissociation cannot be applied, 
but the intensification of the colour at the higher temperatures is undoubtedly due to the fission 
of tetraphenyldiphenoxyethane into free radicals. 

(c) Ethyl benzoate solutions. Witha similar procedure, finely powdered tetraphenyldiphenoxy- 
ethane was added to pure ethyl benzoate at 100° in an atmosphere of carbon dioxide, and the 
temperature raised rapidly (5 mins.) to 200°. The solution became pale brown at 150°; the 
colour deepened at 160°, became very intense at 175—180°, and acquired a definite reddish 
tinge near 200°. Rapid cooling of the solution from this point led to a marked decrease in the 
colour intensity, but the solution was still coloured on reaching room temperature. 

Similar experiments carried out with diphenylbisdiphenylene-ethane under carbon dioxide 
showed a like behaviour. The solution was yellowish-brown at 115°, and the colour intensity 
at 135° was comparable with that of tetraphenyldiphenoxyethane at 160°. The intense golden- 
brown colour at 150° became deeper as the temperature was raised to 200°. On rapid cooling, 
the above changes were in a large measure reversed, and a practically colourless solution was 
finally realised at the ordinary temperature. 
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Oxidation of Tetraphenyldiphenoxyethane.—Wieland observed (loc. cit.) that solutions of tetra- 
phenyldiphenoxyethane become yellow on standing in the air. Our preliminary experiments 
were therefore undertaken for the purpose of ascertaining the amount of oxygen absorbed per 
mol. of tetraphenyldiphenoxyethane and comparing the rate of oxidation with that of a typical 
hexa-arylethane. 

The measurement of the oxygen absorption was carried out in a modification of Gomberg 
and Schoepfie’s apparatus (J. Amer. Chem. Soc., 1917, 39, 1661), and the solution was 
mechanically shaken in contact with pure oxygen. The solvent employed was freshly-distilled 
bromobenzene, which also served as manometric liquid. The apparatus was placed in a chamber, 
thermostatically controlled at 18°, and the volume of oxygen absorbed measured at suitable 
intervals. Correction was applied for the vapour pressure of bromobenzene, and the results of 
a representative experiment are given below, the volume of oxygen absorbed having been 
reduced to N.T.P. (Formation of the true peroxide requires an absorption of 9-2 c.c.) 





IN atria unntgalamieiadenes 3 9 19 22 28 32 43 76 
Os SHOOEDOE, C.C.. .c.cc0cccc0000. 9-3 11-1 16-2 17-9 19-2 22-2 24-1 27-9 
EN TS canitunwendscndesxendawan 80 91 94 97 100 116 134 144 
Oy abeoshed, C.6.. <.00.ccccsssecs 28-6 28-7 28-8 29-0 29-1 30-5 32-6 34-4 


The oxidation process is complex but there are two fairly well-defined stages. During the 
comparatively rapid primary oxidation process the salution becomes yellow, but no insoluble 
peroxide is formed as in the case of triphenylmethyl. Attempts were made to isolate the primary 
oxidation product by allowing tetraphenyldiphenoxyethane to react with the theoretical amount 
of oxygen corresponding to the absorption of 1 mol. The solution was then transferred to a 
vacuum desiccator charged with freshly activated silica gel. The dark, oily residue thus obtained 
could not be induced to crystallise, and gave no solid product on trituration with the usual 
solvents. It is evident, therefore, that the stability of diphenylphenoxymethyl peroxide is 
much lower than that of triphenylmethyl peroxide. 

For comparison purposes the rate of oxidation of Fic. 2. 


hexaphenylethane was determined in the same appar- 
atus under similar conditions, and it was found that an 
absorption corresponding to 0-985 mol. occurred within 
5 mins. 

The properties of diphenylbisdiphenylene-ethane ac 
appear to indicate that its merisation tendency is “ 
lower than that of hexaphenylethane, and for this 
reason it was chosen for further comparison with tetra- 
phenyldiphenoxyethane. The reactivities of these 
radical systems were compared by measuring the rates 
of oxygen absorption in the apparatus shown in Fig. 
2. The two cylinders A and B (with thick, flattened 
ends) are closed with carefully ground glass stoppers, 
and are connected via the three-way stopcock C with 
a short capillary manometer M, which is fitted with a 
small steel scale for reading the pressure difference. /-==== 
The apparatus is fixed to a rack which can be (WJ 
immersed in a thermostat at 25° + 0-02° and oscillated 
at high speed by means of a motor. 

The manometer was partly filled with bromo- 
benzene, and the same liquid (3-5 c.c.) was intro- 
duced into each cylinder. After the liquid had been saturated with oxygen, the finely 
powdered tetraphenyldiphenoxyethane (0-15 g.) was placed in a small glass basket (provided 
with a light cover-slip) and suspended from a wire fixed below one of the stoppers. After the 
stoppers had been sealed in position by means of sealing wax, the apparatus was shaken in the 
thermostat for 30—40 mins. to establish equilibrium in the two limbs. The rack was then 
lifted momentarily from its point of suspension and given a sharp jerk, so that the basket contain- 
ing the ethane was precipitated into the liquid. At this instant a stop-watch was started, and the 
pressure difference registered by the manometer was read at intervals. The same rate of agitation 
was maintained throughout the experiment. Tetraphenyldiphenoxyethane takes an appreciable 
time to dissolve in bromobenzene at 25° and the early readings are slightly low on this account. 
The fraction F of the ethane oxidised under these conditions is given by the relation 

wae v(0-0054B — 0-0054P + v) — (0-0027)?(p/9-05)3 M 
os (v + 0-0027p/9-05)RT w 
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where v is the total of oxygen above the liquid in each limb of the apparatus, B the barometric 
pressure, P the vapour pressure of bromobenzene, ~ the pressure difference in mm. of bromo- 
benzene, R the gas constant, T the absolute temperature, M the molecular weight of the ethane, 
and w the weight employed in the experiment. The terms containing 0-0027p/9-05 may be 
neglected for the range of the present experiments. The results of typical experiments with 
tetraphenyldiphenoxyethane and diphenylbisdiphenylene-ethane are given below, ¢ being the 
time (in mins.) : 
t. ?. F. t. ?. F. t. ?. F. q . F. 
Weight of tetraphenyldiphenoxyethane = 0-015 g. 
F = 0-005766); k = 4-4 x 10°. 
15-0 10-0 0-058 27-5 18:0 0-103 37°5 
17-5 11-5 0-066 30-0 20-0 0-115 40-0 


20-0 13-0 0075 325 22:0 0-127 42-5 
22-5 144 0-083 35:0 240 0-138 45-0 


Weight of diphenylbisdiphenylene-ethane = 0-015 g. 
F = 0-004819p; & = 85-45 x 10-5, 
0 3 0-015 2-0 11 0-053 2-5 17 0-082 4-0 43 0-210 
5 7 0-034 3-0 29 0-140 


l- 
l- 


The results are not so reliable for diphenylbisdiphenylene-ethane owing to the comparatively 
rapid oxidation. 

A further indication of the difference between the two ethane derivatives was furnished by 
the Prussian-blue test (Conant and Evans, loc. cit.). A solution of the substance in chloroform 
or carbon tetrachloride was vigorously shaken with a dilute solution of ferric chloride and _ 
potassium ferricyanide for 1 minute, and the time required for the appearance of a blue ring at 
the liquid-liquid interface observed. A positive test was obtained with diphenylbisdiphenylene- 
ethane after 1—2 mins., but tetraphenyldiphenoxyethane required about 10—15 mins. If the 
reaction involves the oxidation of the free radical, these figures are proportional to the rates of 
dissociation of the two ethane derivatives. 

Absorption of Iodine.—It has been shown by Gomberg (J. Amer. Chem. Soc., 1901, 23, 486) 
that solutions of hexa-arylethanes absorb iodine at ordinary temperature. Under similar 
conditions we found no absorption of iodine when a solution of tetraphenyldiphenoxyethane in 
benzene was treated with 0-05n-iodine solution in a nitrogen-filled apparatus provided with a 
stirrer. The addition of one or two drops of the standard iodine solution gave rise to a blue 
coloration, which was not discharged on stirring or even on standing for 24 hours in an inert 
atmosphere. Similar experiments carried out with hexaphenylethane solution of the same 
concentration showed that the absorption of iodine is extremely rapid in the initial stages. 

The following experiments were carried out with xylene solutions of tetraphenyldiphenoxy- 
ethane in an apparatus provided with a reflux condenser, a small burette containing standard 
iodine solution, and an inlet tube for the admission of air-free carbon dioxide. By means of a 
control experiment it was possible to follow very slight changes in the colour of the solution after 
the addition of iodine. Tetraphenyldiphenoxyethane (0-2 g.) was dissolved in 25 c.c. of xylene 
(purified by boiling over sodium), and the colourless solution maintained at 110° in a bath of 
pure sulphuric acid. The addition of iodine was followed at first by the rapid disappearance of 
the characteristic blue colour. The solution assumed a yellow colour on further addition of 
iodine and became reddish-brown after the introduction of 3-5 c.c. and garnet-coloured after 
4-5c.c. In view of the fact that in the control experiment the addition of 0-3 c.c. of the iodine 
solution to 25 c.c. of xylene gave the characteristic pinkish-purple coloration which preserved 
its intensity throughout the experiment, it is clear that iodine is absorbed by the solution of 
tetraphenyldiphenoxyethane. It is difficult, however, to employ exact titrational methods owing 
to the indefiniteness of the colour changes and the necessity for carrying out the experiment 
rapidly to avoid undue thermal decomposition of the material. 

For the purpose of ascertaining whether substitution of any kind occurs on the addition of 
iodine, the following experiment was carried out with the non-dissociating diphenyldiphenoxy- 
methane. A xylene solution of the substance of approximately the same concentration as that 
employed in the case of tetraphenyldiphenoxyethane was treated with 0-05n-iodine solution 
in the manner previously described. It was found, however, that the addition of 0-2 c.c. of 
iodine solution produced a pinkish-purple coloration, which showed no decrease in intensity 


after 2 hours at 110°. 
It appears, therefore, that the absorption of iodine by hot solutions of tetraphenyldiphenoxy- 
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ethane is due to the direct addition to the unsaturated diphenyldiphenoxymethy] radical. 
Whereas hexaphenylethane absorbs .80% of the theoretical amount of iodine at ordinary 
temperature, the absorption of halogen by tetraphenyldiphenoxyethane at 110° is only 28-5%,. 

Isomerisation in Presence of Hydrogen Chloride.—Since hexaphenylethane undergoes rapid 
isomerisation to -benzhydryltetraphenylmethane in the presence of hydrogen chloride, we 
examine the possibility of the formation of a similar compound, CPh,(OPh)-C,H,-CH(OPh) Ph, 
from tetraphenyldiphenoxyethane. A nearly saturated solution of the latter (0-5 g.) in benzene 
was treated with 12 c.c. of a cold, saturated solution of hydrogen chloride in the same solvent. 
After standing for 36 hours in a sealed vessel, the solution was concentrated under reduced 
pressure in a stream of carbon dioxide; the dark oily residue did not contain a chloride of the 
triphenylmethy] chloride type, since it gave no coloration with an ethereal solution of mercuric 
chloride. 

Irradiation of Tetraphenyldiphenoxyethane.—A 2-5% solution of tetraphenyldiphenoxyethane 
in benzene in a sealed glass tube was exposed to direct sunlight for 3 weeks. After removal of 
the benzene under reduced pressure in a stream of carbon dioxide, practically the whole of the 
compound was recovered unchanged. Its photochemical stability is thus much higher than 
that of hexaphenylethane, which suffers rapid and complete decomposition under these conditions. 


The author is indebted to the University of Wales for the award of a Fellowship, and thanks 
Professor W. J. Jones for much help and advice during the earlier part of the work and Professor 
M. Gomberg for affording the facilities of his laboratory and for his kind interest in the latter 
part of the investigation. 
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6. Free Radicals and Radical Stability. Part II. The 
Dimethoxytriphenylmethyls. 


By SypNEY T. BowDEN. 


The influence of the methoxyl group on the thermodynamic stability and other 
properties of the free radicals 2: 4’- and 2: 2’-dimethoxytriphenylmethyls has been 
studied. The yellowish-red solutions of the radicals in non-ionising solvents undergo 
rapid oxidation with the formation of soluble peroxides, which suffer a further complex 
oxidation involving the slow absorption of oxygen. The thermal stability of the 
corresponding triarylmethy] iodides is much lower than that of triphenylmethy] iodide. 
In freezing benzene the thermodynamic stabilities of these two compounds are respect- 
ively 28% and 41%, but both are appreciably higher in nitrobenzene. The presence 
of methoxyl groups in triphenylmethyl leads to clashing influences which may be 
anticipated on the premises of Burton and Ingold’s theory, and there is no simple con- 
nexion between the stability and the number and orientation of the substituents. 

The two radicals have been isolated in the solid state and have a lower melting 
point than solid triphenylmethyl. Unlike triphenylmethyl, these radicals do not form 
addition compounds with ether, and it is suggested that the free radical as such is not 
responsible for the formation of these compounds in the case of hexaphenylethane, 
since analogous derivatives are obtained with similar saturated substances. 


THE influence of the methoxyl group on the basicity and halochromic properties of triphenyl- 
carbinol was studied by Baeyer and Villiger (Ber., 1902, 35, 1189), who found that the 
introduction of this group into one or more of the phenyl nuclei increased the basicity to 
an extent depending on the position of the substituent. Actually, the triapylcarbinols are 
pseudo-bases, which react with hydrogen ion to produce water and the corresponding 
triarylmethyl cation. The basicity of the carbinol, as measured by the stability of the salt 
towards hydrolysis, is intimately connected with the electronic condition of the methyl 
carbon atom, but no information is available as to the deep-seated connexion which must 
exist between the basicity of the carbinol and the thermodynamic stability of the corre- 
sponding neutral, free radical. 
D 
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The term “ stability of the radical ’’ (radical stability) is frequently used in two senses, 
indicating (a) the capacity of existing in the unimolecular state without suffering 
dimerisation and (b) the ordinary chemical stability with reference to reactivity, isomeris- 
ation, or disproportionation. The influence of the methoxyl group on the unimolecular 
stability of radicals has been studied by Gomberg and his co-workers (J. Amer. Chem. 
Soc., 1923, 45, 202, 217; 1925, 47, 2387), who obtained the results given in the following 
table. The values given for the stability actually refer to the percentage dissociation of the 
corresponding ethane in 2% benzene solution at the freezing point. 


Radical. Stability, %. Colour. Basicity of carbinol. 
Triphenylmethyl 5 Yellow 

o-Methoxytriphenylmethy]! Yellowish-red 

m-Methoxytriphenylmethyl Reddish-yellow 

p-Methoxytriphenylmethy] Orange-yellow 

2 : 4-Dimethoxytriphenylmethyl Red 

2 : 5-Dimethoxytriphenylmethyl Bright red 

3 : 4-Dimethoxytriphenylmethyl 22 _ Yellowish-red 

It is evident that the ability of the radical to exist as a unimolecular entity varies in 
a remarkable way with the orientation and number of the substituents. The effect of the 
methoxyl group in the m-position is materially lower than in the o- and #-position, as 
may be anticipated from Burton and Ingold’s theory of radical stability. Whereas the 
presence of one methoxyl in the o- or -position enhances the stability to about 20%, 
the introduction of a second methoxyl may have but little effect, as in 2: 5- and 3: 4- 
dimethoxytriphenylmethyls, or actually diminish it by half, as in the 2 : 4-dimethoxy- 
derivative. 

With a view to obtain further information concerning the factors governing the thermo- 
dynamic stability of these systems, free radicals containing substituents in two of the phenyl 
nuclei have been prepared. For comparison with the apparently anomalous 2 : 4-dimeth- 
oxytriphenylmethyl we have synthesised the 2 : 4’-dimethoxy-radical. The colour of 
the neutral radical in non-polar solvents is orange, but that of the corresponding ion in 
liquid sulphur dioxide is bright red. The radical exhibits the extreme unsaturation of 
polymethoxytriarylmethyls, and the colour of the solution is discharged on exposure to air. 
The absorption of 1 mol. of oxygen is rapid, but this is followed by a further slow absorption 
owing to the oxidation of the primary peroxide. The latter is soluble in benzene but may 
be obtained as a white crystalline powder. Although the radical itself is prone to undergo 
isomerisation in the presence of traces of acids, it has been isolated as a pale yellow crystalline 
solid, m. p. 80° (vac.). Cryoscopic measurements in benzene show that 2 : 4’-dimethoxy- 
triphenylmethyl (II) is much more stable than the 2 : 4-dimethoxy-analogue (I) : 


OMe OMe 
OMe Ph ¢ >-cPh< OMe 


(I.) Radical stability : 12%. (II.) Radical stability : 29%. 


To trace the effect of the number of substituents, the radical 2 : 2’-dimethoxytriphenyl- 
methyl has been prepared in order to compare its stability with o-methoxy- and 2 : 2’ : 2”’- 
trimethoxy-triphenylmethyls : 

Substituents in CPh, o-Methoxy-. 2 : 2’-Dimethoxy-. 2.: 2’: 2”-Trimethoxy-. 
Radical stability 27% 40% 90—100% 
According to Burton and Ingold (Proc. Leeds Phil. Soc., 1929, 1, 421), the presence of 
methoxyl groups in the phenyl nuclei leads to clashing influences and complicating effects. 
It is clear, however, from the results already available, that the radical stability is not pro- 
portional to the number of methoxyl groups. The same lack of proportionality is evident 
in the successive phenylation of triphenylmethyl, as exemplified in the series of radicals : 
diphenylyldiphenylmethyl (15%), bisdiphenylylphenylmethy] (80%), trisdiphenylylmethy]l 
(100%). 

The ability of triphenylmethy] to form addition compounds with a variety of substances, 
such as ethers, esters, ketones, aldehydes, etc., has sometimes been regarded as a natural 
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consequence of the extreme unsaturation of the free radical. Gomberg (Ber., 1905, 38, 
1338) found that triphenylmethyl.combined with ether to form an addition compound 
to which the constitution (III) was assigned. This corresponds to the modern oxonium 


C,H CPh, C,H CPh, |* 
(III.) ¢ "og "Yo% | CPh,~ (IV.) 

C,H; CPh, C,H; 
formulation (IV), in which the oxygen atom functions in the same way as the oxygen 
in the ether hydrochlorides. The free radicals 2 : 2’- and 2 : 4’-dimethoxytriphenylmethy]l, 
however, do not form addition compounds with ether, and the question arises as to whether 
this behaviour is to be referred to the difference in radical stability, the state of the free 
electron, or to some other cause. The matter has been discussed by Gomberg and Schoepfle 
(J. Amer. Chem. Soc., 1919, 41, 1655), who found that diphenyl-«-naphthylmethyl does not 
form addition compounds with ether. They sought to explain this apparent anomaly 
by correlating the degree of association or dimerisation of the radical with its capacity 
to form addition compounds. The radical, in fact, was considered to be so stable as a 
unimolecular entity that it lacked, not only the property of combining with itself, but also 
the tendency of uniting with ethers, esters, etc. If we assume that it is the unimolecular 
radical which combines with ether, then combination must involve a shift in the equilibrium 
between the bimolecular ethane and the free radical : 


R,C-CR, = R,C-+-€R,] CHa CR, 
C,H,0-C,H, |} ~ C,H CR, 


The above hypothesis is based on the premise that these equilibria are so related that the 
greater the amount of hexa-arylethane present in equilibrium with the radical the greater 
will be the stability of the addition compound formed. It must be urged, however, that 
the non-polar dimerisation of the radical and the co-ordination of the ether are reactions of 
fundamentally different types, while the factors governing the dissociation of two such 
dissimilar systems as R,C-CR, and C,H,*O’C,H;,R,C-CR, are of entirely different character. 

Furthermore, it must be borne in mind that triphenylmethy] forms addition compounds, 
not only with oxygenated derivatives, but with chloroform and even saturated hydro- 
carbons, such as heptane, cyclohexane, and benzene. Since, moreover, these combinations 
are also known to occur with the fully saturated triphenylmethane, which combines with 
benzene to form CHPh,,C,H,, it appears that the presence of a free bond in triphenyl- 
methyl is not the essential factor underlying the formation of addition compounds. In 
the majority of cases, the addition compounds correspond to the union of 2 mols. of the 
radical with 1 mol. of solvent. It is possible, accordingly, that the unimolecular radical 
plays no essential part in the formation of addition compound, but that the solvent unites 
directly with the bimolecular derivative as indicated in the scheme : 


2Ph,C- => CPh,‘CPh, —> CPh,CPh,,C,H, 
CHPh, “> CHPh,,C,H, 


Of the four radical systems which have been investigated in this connexion, one only is 
found to form addition compounds of this nature, and it seems clear that the unique 
behaviour of triphenylmethy] in this respect is not due to the presence of a free electron. 
The X-ray analysis of the crystal structure of the so-called addition compounds may reveal 
that the two components simply form a crystallographic assemblage. ne 


EXPERIMENTAL. 


2 : 4'-Dimethoxytriphenylcarbinol_—p-Methoxybenzophenone was prepared in 57% yield 
by adding portions of anhydrous aluminium chloride (150 g.) to a mixture of anisole (135 c.c.), 
benzoyl chloride (145 c.c.), and carbon disulphide (400 c.c.). After hydrolysis of the product, 
the ketone was distilled, and obtained as a white solid, m. p. 62°, by crystallisation from ether 
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(Gattermann, Ehrhardt, and Maisch, Ber., 1890, 28, 1204). o-Iodoanisole (50 g.) (Jannasch 
and Hinterskirsch, Ber., 1898, 31, 1710) in dry ether (300 c.c.) was added to magnesium powder 
(8 g.) previously activated in situ by Baeyer’s method. The filtered Grignard reagent was treated 
with freshly distilled methyl benzoate (15 g.), and the mixture heated for 3 hours before being 
decomposed with ice and sulphuric acid. The brown residue obtained after removal of the ether 
was dissolved in ligroin, decolorised with charcoal, and finally obtained in white crystals, m. p. 
115°. Yield, 44%. 

The carbinol was reduced to 2 : 4’-dimethoxytriphenylmethane by boiling with formic acid 
(Kauffmann and Pannwitz, Ber., 1912, 45, 766). It melted at 106° and gave no colour with con- 
centrated sulphuric acid. 

The salts obtained by treatment of the carbinol with sulphuric, perchloric, phosphoric, and 
formic acids range from dark brown to purplish-brown; the carbinol also dissolves in liquid 
sulphur dioxide to form a purple solution. 

The determination of the basicity of the carbinol is based on the fact that the coloured solu- 
tions of the carbinols in glacial acetic acid—sulphuric acid are decolorised by dilute aqueous 
alcohol (Baeyer and Villiger, Ber., 1902, 35, 1189). -To obtain comparable results, equimolecular 
amounts of the carbinols (0-0743 g. of triphenylcarbinol as standard) were dissolved in 5 c.c. 
of glacial acetic acid and treated with 1 c.c. of a 10% solution of pure concentrated sulphuric 
acid in glacial acetic acid. To the coloured solution of the triarylmethyl salt, alcohol 
(75%) was added from a burette until the liquid assumed the colour of a control solution 
to which the acetic acid-sulphuric acid mixture had not been added. The measurements 
were carried out at 20° and gave the basicity value 9-9 for 2 : 4’-dimethoxytriphenylcarbinol 
(CPh,-OH = 1). 

2 : 4’-Dimethoxytriphenylmethyl Chloride.—The dry, finely powdered carbinol (2 g.) and 
sodium-dried light petroleum (5 c.c.) were placed in a flask provided with a ground-glass dropping 
funnel and a side tube attached to a calcium chloride tube. Acetyl chloride (2 c.c.) was added 
from the funnel, and the mixture gently simmered. The carbinol dissolved with a red colour, 
and after 30 minutes the solution was concentrated to half bulk under reduced pressure. The 
crystals, which were deposited on standing, were washed with light petroleum—benzene to 
remove most of the colour. The chloride was dissolved in the minimum amount of hot benzene, 
and the solution treated with light petroleum to the point of incipient turbidity. The greyish- 
white crystals obtained were washed with light petroleum, and dried in a vacuum over soda— 
lime and paraffin wax. The substance, m. p. 116°, was readily soluble in benzene, but slightly 
soluble in ether (Found: Cl, 10-4, 10-4. C,,H,,0,Cl requires Cl, 10-5%). Treatment of the 
substance with ethereal solutions of anhydrous ferric, mercuric, or zinc chloride immediately 
precipitated the addition compounds as dark red oils. 

2: 4'-Dimethoxytriphenylmethyl Bromide.—Bromination of the carbinol in light petroleum 
with 2 mols. of acetyl bromide gave the bromide as slightly pink rosettes, m. p. 118° (Found : 
Br, 20-8. C,,H,,0,Br requires Br, 20-9%). 

Absorption of Oxygen by 2 : 4'-Dimethoxytriphenylmethyl.—The absorption of oxygen by the 
radical was measured in the Gomberg and Schoepfle apparatus, which was housed in an air- 
thermostat at 18°. A known weight of pure 2: 4’-dimethoxytriphenylmethyl chloride and 
excess of molecular silver were placed in a constricted test-tube, the air displaced by means of 
nitrogen, and the tube filled with dry bromobenzene to within a short distance of the constric- 
tion. The tube, adequately protected with asbestos cord, was quickly sealed in the blowpipe 
flame, and then shaken in the dark for 4 hours. The tube was placed in the absorption bottle 
(containing 10 c.c. of bromobenzene), which was connected by pressure tubing to the gas burette. 
After the apparatus had been charged with oxygen, the tube was broken, and the volume of 
gas absorbed noted at intervals. The results of a typical experiment are given below, volumes 
being corrected to N.T.P. 

Weight of 2 : 4’-dimethoxytriphenylmethyl chloride = 0-677 g. (Absorption corresponding 
to true peroxide formation = 22-4 c.c.). 

3 24 48 72 96 120 168 216 240 


t 
O, absorbed, c.c, 220 252 298 340 41:8 428 6522 654 67:0 
Absorption, % 96-5 983 112 134 151 186 191 233 292 299 


2: 4'-Dimethoxytriphenylmethyl Peroxide.—2 : 4'-Dimethoxytriphenylmethy] chloride (2 g.), 
dissolved in dry benzene—ether, was shaken for 6 hours with a large excess of mercury in a sealed 
tube adequately protected from sunlight. After standing for some hours to allow complete 
precipitation of mercurous chloride, the deep orange-coloured solution was siphoned through a 
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filter, and a current of air drawn through the solution until the colour was almost completely 
discharged. The resulting pale yellow solution was allowed to evaporate spontaneously, 
and the thick, yellow residue was washed with ether. By protracted trituration with light 
petroleum, the oil was converted into a pale yellow solid, which was obtained as a white micro- 
crystalline powder, m. p. 139°, by rapid crystallisation from benzene in an atmosphere of carbon 
dioxide (Found: C, 78-3; H, 6-0. C,,H;,0, requires C, 78-9; H, 6-0); yield, 60%. The 
peroxide is soluble in ether, benzene and carbon disulphide, but practically insoluble in light 
petroleum. It gives no colour with formic or perchloric acids, whereas the carbinol immedi- 
ately produces deep red salts. With concentrated sulphuric acid, however, a deep red colour 
is produced, but less rapidly than with the carbinol itself. 

Absorption of Iodine by 2: 4'-Dimethoxytriphenylmethyl.—The solution of the radical was 
titrated with iodine in the apparatus shown in Fig. 1. The radical was prepared by shaking a 
benzene solution of the chloride with excess of molecular silver in the sealed glass tube A pro- 
vided with a very thin bottom. This was placed in the sintered-glass filter B, and could be broken 
by lowering the carbon dioxide delivery tube to which the cup C is attached. The rubber 
stopper was fitted with a burette D for adding the iodine solution, and also with a delivery 
tube E for the admission of carbon dioxide into the flask F. To the delivery tube was fixed a 
small test-tube G, which could be brought under the jet of the burette in order to catch any drops 
which might fail before the experiment was actually begun. The trap H was charged with 
benzene to prevent backward diffusion of air into the apparatus. 















































The burette was charged with an air-free benzene solution of iodine (N/20), and the flask 
placed in a shallow porcelain vessel containing water at constant temperature. After displace- 
ment of air from the apparatus, the tube A was broken, and the solution forced through the filter 
under pressure of carbon dioxide. The residual silver-silver chloride mixture was thoroughly 
washed with benzene from the cup C. The tube G was swung aside by turning E, and the iodine 
solution added drop-wise from the burette. The blue iodine colour was instantly discharged, 
but after 0-7 c.c. had been added, a permanent brownish solution was obtained. The percentage 
combination amounted to 1-7%, which is an unusually low value for atriarylmethyl. It follows, 
therefore, that the thermal stability of 2 : 4’-dimethoxytriphenylmethy] iodide is considerably 
lower than that of the unsubstituted triphenylmethyl iodide, which is stable to the extent 
of 80% in benzene at ordinary temperature. 

Stability of the Free Radical.—In view of the extreme reactivity of triarylmethyls of this type 
and their proneness to suffer isomerisation and disproportionation reactions, the molecular- 
weight determinations were carried out without recourse to the isolation of the material in the 
solid state. The apparatus (Fig. 2) consisted of a freezing bath A, made of wood and provided 
with a cover of compressed asbestos carrying the fixed air-jacket B. The Beckmann tube C 
with a flattened bottom was fitted with a soft rubber stopper through which passed a narrow 
delivery tube for the admission of nitrogen, and a reliable Beckmann thermometer furnished 
with a lens, mirror, and electric light for reading purposes. The corrugated, double-ring, 
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platinum stirrer D was attached by platinum rods to a platinised iron ring, which moved smoothly 
over the glass guide-tube E, fixed to the underside of the stopper. This device ensured that the 
stirring conditions were the same in successive experiments. The electromagnet M was con- 
nected through a variable resistance to a set of accumulators, and an electrical-contact metro- 
nome was included in the circuit, so that the rate of stirring could be maintained constant at any 
desired value. The electromagnet was kept cool by passing a stream of cold water through a 
coil of lead tubing (telephone wire casing) wound tightly around it. The side-tube of the Beck- 
mann vessel was closed with a rubber stopper through which passed the device for precipitating 
pellets of the solute into the vessel, and a small trap containing benzene or nitrobenzene served 
to indicate the speed of the nitrogen stream and prevent backward diffusion of air. 

The Beckmann tube, stirrer, stopper, and thermometer were thoroughly dried by passing 
a stream of rigorously dried, slightly warm air through the apparatus for several hours. The 
benzene employed as solvent was fractionally crystallised four times, and distilled from sodium 
wire in a stream of dry nitrogen before use. In the preliminary experiments, the cryoscopic 
constant of benzene was determined by the use of highly pure specimens of triphenylmethane 
and triphenylcarbinol. During all the determinations, a slow stream of nitrogen gas passed 
into the vessel, and all manipulations were conducted without opening it. The nitrogen was 
drawn from a cylinder, and freed from traces of oxygen by passage over 2 feet of freshly reduced 
copper gauze maintained at red heat in a small furnace, and a small tube of phosphoric oxide 
placed before the glass delivery tube served to trap any water vapour which might be carried 
over from the rubber connexions. 

An excess of molecular silver (about 3 g.), dried in a vacuum at 280° for 10 hours and cooled 
under pure nitrogen, was placed in the Beckmann tube together with a weighed amount of ben- 
zene. When four concordant readings of the f. p. had been obtained, pellets of 2 : 4’-dimethoxy- 
triphenylmethy] chloride were precipitated into the liquid. All parts of the pellet press were 
degreased and dried in a desiccator before use. The mixture in the cryoscopic vessel was stirred 
at room temperature for 30—40 mins. to effect reduction of the chloride to the free radical. 
During this operation the vessel was covered with black paper to avoid photochemical decom- 
position of the radical. The vessel was then immersed in the freezing jacket, and the f. p. 
of the solution determined in the usual way. In the vicinity of the f. p. the metronome was 
adjusted for more rapid stirring, and the thermometer was subjected to continuous tapping 
to avoid sticking of the mercury thread. After the f. p. had been taken, the solution was 
allowed to acquire room temperature, and the stirring continued for a further 15 mins. before 
the f. p. was redetermined. The reduction of the chloride was complete when constant f. p.’s 
were obtained. Further pellets of the chloride were added, and the f. p. after reduction 
determined according to the same procedure. 

Cryoscopic measurements were also carried out in nitrobenzene, which was purified by frac- 
tional distillation and fractional freezing, and the cryoscopic constant was determined by using 
triphenylmethane as solute. The results of the molecular-weight determinations in these 
solvents are recorded below. 


Radical Stability of 2: 4’-Dimethoxytriphenylmethyl. 

Molecuiar weight of 2: 4’ : 2” : 4’’’-tetramethoxyhexaphenylethane = 606. 
pe a“ 2: 4’-dimethoxytriphenylmethyl = 303. 

Cryoscopic constants: benzene = 52-5; nitrobenzene = 75-3. 

Weight of Concn. of Radical 
Solvent. chloride, g. radical, %. A. M. stability, %. 
18-60 g. 0-3341 1- 0-181° 472 28-4 
0-5049 0-266 479 26-8 
C,H, 18-78 g. 0-3180 0-190 467 29-8 
0-5121 0-295 485 24-8 
18-77 g. 0-3352 0-195 481 26-0 
: 0-4199 0-252 466 30-1 
23-0 g. 0-3640 0-261 456 32-6 
PhNO, 0-5563 0-354 461 29-2 
23-2 g. 0-4321 0-312 451 34-5 
0-5697 


0-399 464 31-0 
2 : 4’-Dimethoxytriphenylmethy] chloride dissolves in benzene to give a colourless solution, 
but a red colour is produced in nitrobenzene. The colour, however, becomes greatly intensified 
with increasing concentration of the radical, and a 2-5% solution is deep blood-red. 
Isolation of the Radical_—Freshly recrystallised 2 : 4’-dimethoxytriphenylmethyl chloride 
(4 g.) and three times the calculated amount of molecular silver were placed in the flask P [Fig. 
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3(a)], and the air displaced with pure carbon dioxide. The vessel was charged with sodium- 
dried benzene (70—80 c.c.) under a stream of carbon dioxide, and the two arms sealed in the 
blow-pipe flame. The mixture was shaken for 4—6 hours on a rotary shaking machine in the 
dark. 

A file mark was made near the end of each arm, and the vertical tube broken inside a rubber 
tube connected to a carbon dioxide generator. The other tube was then opened similarly 
and attached to the sintered-glass filter-tube J, which was fixed to the cup E of the concentrating 
apparatus H [Fig. 3(b)]. By partly evacuating the apparatus (previously filled with carbon 
dioxide), the reddish-yellow solution of the radical was drawn at a regulated speed through 
the filter into the bulb H. The flask and filter attachment? were removed, and a carbon dioxide 
delivery tube fixed to the cup E. The apparatus at this stage is shown in Fig. 3(c): A isa 
carbon dioxide generator containing Carrara marble and air-free hydrochloric acid, and B and C 
are wash-bottles containing silver nitrate and potassium permanganate, respectively. The vessel 
D contains triphenylmethy] (triphenylmethyl] chloride, benzene, and mercury) to absorb traces 
of free oxygen from the carbon dioxide. This vessel was provided with three stopcocks, so that 
the solution could be cut out of the gas circuit during the final drying process. The tower F was 
charged with calcium chloride, which was rendered anhydrous and air-free by heating in an 
atmosphere of carbon dioxide. The small absorption tube G contained freshly activated silica 
gel, and was brought into the circuit during the final stages of the preparation in order to 
adsorb the benzene vapour carried over from the calcium chloride tower. 


Fic. 3. 
































G F 


The stopcocks R and T of the concentrating apparatus H were fitted at the top and bottom 
with small rubber balloons, which were kept inflated with carbon dioxide from the auxiliary 
generator S. Although the hot benzene vapours rapidly remove the lubricant from the stop- 
cocks, this device entirely prevents the intrusion of air during the isolation and drying of the free 
radical. The flask N served to receive the mother-liquor and washings after crystallisation of 
the solution, and communicated via the calcium chloride tube O with a manometer M and a 
suction pump. 

Before the parts of the concentrating apparatus were sealed together, the inside of the bulb 
H was roughened by means of carborundum in order to avoid superheating and promote gentle 
evaporation of the solution. A further innovation was the mercury-filled scratcher Q which 
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consisted of a small glass tube weighted with mercury and roughened on the outside by means of 
a carborundum wheel. When the apparatus was gently oscillated, the scratcher proved exceed- 
ingly efficacious in inducing crystallisation of the radical. 

The benzene solution of the radical was evaporated in a small water-bath at 40—45° under a 
pressure of about 70 mm. in a slow stream of carbon dioxide. Every care was taken to avoid 
excessive heating in view of the disproportionation which triarylmethyls suffer at higher temper- 
atures. After concentration of the solution to small bulk, the radical separated as a thick, 
reddish-yellow oil. Attempts to crystallise the radical from acetone and light petroleum 
(introduced through the cup E) were unsuccessful, but when the oil was covered with anhydrous 
ether (4 c.c.), heated to 30° to effect solution, and then cooled to 0°, it separated slowly as a pale 
yellow, crystalline solid. After standing for several hours, the yellowish-red mother-liquor 
was decanted through R into the receiver N The crystalline material, after being washed with 
small portions of cold ether, was similar in appearance to solid triphenylmethyl. The substance 
was dried in situ under reduced pressure in a slow stream of carbon dioxide. During this process 
the triphenylmethy] reagent in D was cut out of the circuit, and the gas led into the apparatus 
through the silica gel adsorbent. 

The apparatus was broken midway between the bulb H and the stopcock R, and the substance 
transferred under a stream of carbon dioxide into a tube, which was then sealed. Under the 
microscope 2: 4’ : 2” : 4’”’-tetramethoxyhexaphenylethane appeared as a mass of small plates, 
m. p. 80° (vac.). 

To test the capacity of the radical to form addition compounds, the material was crystallised 
from ether at 0°, dried in situ at room temperature, and the solvent removed at 56° under 70 
mm. in a stream of carbon dioxide for } hour. The loss in weight was not appreciable, and the 
m. p. of the substance was unchanged. 


2 : 2’-Dimethoxytriphenylmethyl. 


2 : 2’-Dimethoxytriphenylmethyl Chloride.—The carbinol was prepared in 44% yield by Baeyet’s 
method (A mnalen, 1907, 354, 181) from o-anisylmagnesium iodide and methyl benzoate, and had 
m. p. 115°. It was converted into the chloride by means of acetyl chloride (2-5 mols.) in light 
petroleum, the dark brown solution being gently boiled for 1 hour. The chloride separated 
from light petroleum in rosettes, and after recrystallisation from ether—benzene, melted at 95° 
(Found: Cl, 10-3, 10-4. C,,H,,0,Cl requires Cl, 10-5%). It is readily soluble in benzene, 
but slightly soluble in ether and light petroleum. It reacts immediately with ethereal solutions 
of ferric and mercuric chlorides to form highly coloured addition compounds. 

2: 2'-Dimethoxytriphenylmethyl Peroxide —Reduced solutions of the chloride in non-polar 
solvents are deep orange in colour. The solution of the radical absorbed 1 mol. of oxygen with 
great rapidity, but this was followed by a further slow absorption owing to oxidation of the 
peroxide. The peroxide, which is soluble in the ordinary organic solvents, was obtained by 
- triturating with light petroleum the oil obtained by the rapid evaporation of the radical solution 
in the air. By rapid recrystallisation from benzene in an atmosphere of nitrogen or carbon 
dioxide, the peroxide was obtained as a white, finely divided solid, m. p. 110° (Found: C, 78-4; 
H, 6:2. C,y,H;,O0, requires C, 78-9; H, 6-0%) ; it gives a very slight coloration with concentrated 
formic, perchloric, and phosphoric acids, but immediately forms a deep brown colour with 
sulphuric acid. 

Stability of the Radical_—The molecular weight of the radical system in benzene and nitro- 
benzene was determined by the indirect method described previously. 


Radical Stability of 2: 2’-Dimethoxytriphenylmethyl. 


Molecular weight of 2 : 2’ : 2” : 2’”’-tetramethoxyhexaphenylethane = 606. 
” o 2 : 2’-dimethoxytriphenylmethyl = 303. 


Weight of Concn. of Radical 
Solvent. chloride, g. radical, %. A. M. stability, % 

19-89 g. 0-2867 1-4 0-174° 433 39-8 
0-4360 0-266 434 39-9 

C,H, 19-23 g. 0-2794 0-165 417 45-2 
0-5360 0-303 433 39-8 

19-46 g. 0-3844 0-246 422 43-4 
0-5228 0-328 431 40-7 

22:5 g. 0-4046 0-311 390 55-5 
0-5401 0-410 395 53-5 

23-09 g. 0-4104 0-349 384 57-6 
0-5498 0-453 52-7 


©P ns 0D bs 00 00 09 ts BO 
wor aWS Ad 





[1939]. Properties of Ethyldideuteramine and Dimethyldeuteramine. 41 


The chloride dissolves in benzene to form an almost colourless solution, but in nitrobenzene 
the colour is deep brown. As with the 2: 4’-isomer, the stability of the radical is appreciably 
higher in nitrobenzene. 

Isolation of 2: 2'-Dimethoxytriphenylmethyl._—The reddish-yellow solution of the radical, 
prepared by reducing freshly recrystallised 2: 2’-dimethoxytriphenylmethyl chloride (4 g.) 
with molecular silver (5 g.), was filtered under carbon dioxide into the concentrating apparatus, 
where the solvent was evaporated at 40—50° under 70 mm. The gummy residue dissolved 
readily in dry ether (3 c.c.) at room temperature. When the solution was cooled to — 15°, 
it deposited the radical as small, pale yellow crystals. The solid, after being washed thrice 
with cold ether-light petroleum, and dried for 1 hour in a stream of carbon dioxide, had m. p. 
88° (vac.). It dissolved readily in non-polar solvents to give yellowish-ved solutions, but the 
deep brown colour in liquid sulphur dioxide was so intense that a 2-cm. layer of the solution 
appeared almost black. 

When the solid was dried at 55° under 70 mm. of carbon dioxide, it turned pink and caked 
together in the course of 45 mins. The brittle mass thus obtained melted at 85—86° (vac.). 
The radical did not form an addition compound with ether under the above conditions of 
crystailisation. 

The absorption of iodine by benzene solutions of the radical amounted to 25% of the theor- 
etical value for complete absorption. Although this is much higher than the value found for 
2 : 4’-dimethoxytriphenylmethyl, the results indicate that the polymethoxytriphenylmethyl 
iodides are thermally less stable than triphenylmethy]l iodide, so the equilibrium in the former 
case is largely in favour of the radical. 


The author is indebted to Dr. W. E. Harris for much assistance with the preparative work. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, October 26th, 1938.] 





7. Preparation and Properties of Ethyldideuteramine and 
Dimethyldeuteramine. 


By E. R. RosBerts, H. J. EMEtEus, and H. V. A. BRISCOE. 


Pure ethyldideuteramine and dimethyldeuteramine have been prepared by treating 
the hydrochlorides of the corresponding amines repeatedly with successive quantities 
of deuterium oxide, liberating the bases with lime, and fractionally distilling the 
products in a vacuum. Their melting points, vapour-pressure curves, and ultra- 
violet absorption spectra were investigated, and their vapour densities were shown 
to correspond to the formulze C,H,-ND, and (CH;),ND. 

For the determination of vapour densities, a novel comparative method was used 
in which the amine and the deuteramine, confined by mercury in glass reservoirs, 
were brought exactly to the same density by means of the balance, and the difference 
in pressure between them was observed by means of a new type of differential gauge 
system such that the accuracy of the determination is limited only by the precision 
of reading an oil-filled manometer. All necessity for thermostatic control was 
eliminated by enclosing both gas reservoirs in the same massive copper block and so 
ensuring that the temperature, although it might vary, was precisely the same in both. 

Further experiments are described in which (1) ethylamine hydrochloride was 
treated with a large excess of deuterium oxide; (2) trimethylamine hydrochloride was 
treated with deuterium oxide; (3) methylamine or methyldideuteramine, mixed with 
deuterium, was circulated over a reduced nickel catalyst at various temperatures from 
20° to 195°. These gave no evidence of replacement of hydrogen by deuterium in 
the alkyl group, even on a catalyst under conditions where interchange between 
methane and deuterium might be expected to occur freely. 


Hydrogen—Deuterium Interchange in Aliphatic Amines. 
When amine hydrochlorides are dissolved in water containing deuterium oxide, an 
exchange reaction occurs. Goldfinger and Lazareff (Compt. rend., 1935, 200, 1671), using 
5% D,O and simple aliphatic amine hydrochlorides, reported that this interchange was 
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confined to the amino-hydrogen atoms, but their results do not exclude the possibility of 
a tautomerism, CH,*-NH, == CH,:NHs, involving a molecule of the type suggested by 
Thomsen (‘‘ Thermochemistry,’ 1909) and later discussed by Henri and Lazareff in 
connexion with the ultra-violet absorption spectrum of methylamine (Compt. rend., 1935, 
200, 829). . 

Since apparent equilibrium between methylamine hydrochloride and deuterium oxide, 
with an even distribution of deuterium among the ionisable hydrogens, was known to be 
reached rapidly, this method was used in preparing methyldideuteramine for an 
investigation of its physical properties (Emeléus and Briscoe, J., 1937, 127) but no direct 
proof of the constitution of the product was then obtained. 

In the present work the same method has been employed to prepare ethyldideuteramine 
and dimethyldeuteramine as well as methyldideuteramine, and their vapour-pressure 
curves, melting points, and ultra-violet absorption spectra have been investigated. 
Their molecular formule have also been determined by directly comparing the vapour 
density of each deuteramine with that of the ‘corresponding amine. This comparison 
was effected by means of a silica buoyancy balance. 

The method of density measurement used in the present work differs fundamentally 
from the methods previously employed for similar purposes, because it achieves a very 
precise comparison of the densities of two similar gases (the ordinary and the deuterated 
amine) without the necessity of making a correspondingly precise determination of the 
absolute densities. 

The silica micro-balance is used to secure equal mass concentration in the two 
volumes of gas, each being confined in glass by mercury and held exactly at constant 
volume, and both being kept at the same temperature. Under these conditions, 
My = M,(Pp + #)/Pp, where My, and My are the molecular weights of the amine and 
the deuterated amine respectively, Pp is the pressure of the deuteramine, and # the 
difference in pressure between the two amines. 

Since M, is taken as the standard and # is small in relation to Pp, the error of the 
calculated value of Mp is dependent chiefly on the error of # and only to a small extent 
on that of Pp. Therefore it is advantageous to measure with much greater precision 
than Pp, and this is done in the present case, by using an oil gauge to measure # to 
+0-005 mm. of mercury, while Pp is measured with a mercury manometer to +-0-05 mm. 

As the gases compared differ but little in density and are similar in condensability 
and other properties, small changes of temperature will have the same effect on both, 
especially with respect to change of pressure and variation of adsorption on a given 
surface. Therefore, provided both gases are kept at the same temperature, any change 
in the pressure in the balance chamber is very exactly compensated by an equal change 
in the pressure of the reference gas. It is one great advantage of the new method that 
it thus eliminates a major source of error inherent in the ordinary method of measuring 
both pressures directly. This is shown very clearly by the fact that the density com- 
parisons here recorded, although probably as precise as any previously made, did not 
require the use of a thermostat of any kind. 

A second advantage of the new method is that it requires only simple gauges, read 
by inexpensive scales; whereas the attainment of a corresponding precision of reading 
with mercury manometers according to the usual practice requires the use of elaborate 
and expensive apparatus. 

Though the absolute temperature of the manometer system has little effect on the 
comparison, it is obviously important that it shall not change appreciably during a 
determination. The whole system was therefore immersed in a large tank of water. 

The buoyancy balance has also been used to examine the possibility of an interchange 
involving the alkyl hydrogen atoms. Three samples of ethylamine hydrochloride were 
treated with deuterium oxide (996%) under different conditions. The first was treated 
with three successive quantities of heavy water, enough being used in all to ensure 
almost complete substitution of deuterium for hydrogen in the amino-group, on the 
assumption that no rapid exchange occurred in the alkyl group; the second was treated 
successively with three larger quantities of heavy water according to the method used 
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for preparing methyldideuteramine, there being enough deuterium to replace at least one 
of the alkyl hydrogens. In both these cases the treatment with each quantity of water 
was continued for about } hour at 30—40°. The third sample was treated with a very 
large excess of deuterium oxide under much more drastic conditions, being kept at 80° 
for 70 hours. The three specimens of deuterated ethylamine obtained from the products 
were found to be sensibly identical, and to have vapour densities corresponding to 
C,H;"ND,. These observations were substantiated by comparing two samples of tri- 
methylamine, one prepared from pure trimethylamine hydrochloride and the other from 
a similar sample of the salt that had been treated with several quantities of deuterium 
oxide. The two trimethylamines were identical in every respect. Moreover, the product 
obtained by similarly treating dimethylamine hydrochloride with deuterium oxide had 
the vapour density required for (CH),ND. 

These results afford strong evidence that in concentrated solutions of aliphatic amine 
hydrochlorides it is the amino-hydrogens only which take part in the exchange reaction. 
Under these conditions there is no indication of the tautomerism which has been sug- 
gested. 

A solution of amine hydrochloride, however, is slightly acid, and it might be argued 
that the rate of hydrogen-deuterium interchange in the alkyl group, which would depend 
upon the rate of proton transfer in the tautomeric change, would be very much reduced 
by this acidity, though it would seem that, even so, it should become evident after 
sufficiently long treatment with deuterium oxide. 

In order to confirm the above conclusions, it was thought desirable to investigate the 
interchange between deuterium and methylamine at the surface of a catalyst. Taylor 
and others have shown that ammonia and deuterium react readily at room temperature 
in the presence of synthetic-ammonia catalysts, and that deuterium and methane react 
at the surface of reduced nickel at 184°, whereas methane and deuteromethane react 
upon the same catalyst at even lower temperatures (Taylor and Jungers, J. Amer. Chem. 
Soc., 1935, 57, 660; Morikawa, Benedict, and Taylor, tbid., 1936, 58, 1445). 

Methylamine and deuterium were therefore circulated over a heated nickel catalyst, 
any change in the molecular weight of the methylamine being measured by means of 
gas-density determination. There was no interchange except in the amino-group. This 
was confirmed by circulating methyldideuteramine with deuterium over the same 
catalyst, after which the only observable change was an increase in the purity of the 
deuteramine from 99-5% to 99-9% of CH,-ND, after two treatments. 

Further experiments were made in which trimethylamine and deuterium were 
circulated at 170° for 3 days over a nickel catalyst; no interchange whatever occurred. 

Considering Taylor’s results for methane, it must be inferred that in all these cases 
the attachment of the adsorbed molecules to the nickel surface is effected through the 
amino-group. Moreover, if any tautomeric change were possible (and there is in this 
case no acidity to hinder it) interchange with the alkyl group should occur. The fact 
that none was observable is, therefore, strong evidence against the possibility of such 
tautomerism. 


EXPERIMENTAL. 


The Balance.—The balance used for determining the vapour densities of the deuteramines 
was of the same general design as that used by Whytlaw-Gray and Woodhead (J., 1933, 846) 
for the density of carbon monoxide (see also Steele and Grant, Proc. Roy. Soc., 1909, 82, 
580; Gray and Ramsay, ibid., 84, 536; Aston, ibid., 1914, 89, 440; Stock and Ritter, Z. 
physikal. Chem., 1926, 119, 333; 124, 204; Whytlaw-Gray, Proc. Roy. Soc., 1933, 134, 7), but 
differed from previous models in that while the beam, the suspension fibres, and parts of the 
frame were of fused quartz, as is usual, the bulbs and the major part of the frame were of 
Pyrex glass. It proved simple in practice to make such a composite structure by fusing the 
glass and quartz together in a small oxy-hydrogen flame, and the use of glass, especially for 
the bulbs, greatly facilitated the construction of the balance. 

The beam (Fig. 1) was a fused quartz rod 50 mm. long and of 1 mm. diameter, carrying 
Pyrex bulbs of 19-4 mm. and 13-7 mm. diameter; their outer surfaces are in the ratio of V/2 fl, 
and since the smaller bulb is pierced, both have the same exposed surface. The distribution of 
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mass and surface was so arranged that a crossbar of very light quartz rod sealed on at the 
centre of surface was also at the centre of gravity. After exact coincidence had been obtained 
by careful adjustment of the beam with the aid of temporary stands, the suspension fibres 
were drawn, and sealed to the frame. 

Fic. 1. 
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Final adjustments were made so that the instrument balanced in air at a little below 
atmospheric pressure and had a period of oscillation of 10 seconds. In contrast to the general 
practice, the pointer was attached to the buoyancy bulb. This enabled the compensating 
bulb to be pierced along the axis of the beam, thus reducing very considerably the difficulty 
of balancing. The set-up of the whole apparatus necessitated an end-on position for the 
microscope, and the pointer was accordingly bent at right angles to the axis of the beam. 
The balance was housed in a cylindrical glass casing 130 mm. long and of 25 mm. internal 
diameter, with a plane glass window cemented on at one end, and the casing was connected 
with the rest of the apparatus by capillary glass leads. 

As will be seen from Fig. 2, the balance case B was enclosed in a heavy copper casting A, 
which also contained, in a separate compartment, the reservoir C for the reference gas. To 
protect the balance as far as possible from vibration or shock, the copper casting was sup- 
ported by a three-legged stool, resting on thick piles of filter paper on a stone slab carried by 
steel cantilevers built in to a 24” outer wall of the building. This arrangement proved very 
satisfactory, as the zero remained very nearly constant over a long period of time; and when 
any change not due to temperature was observed, it could always be traced to vibration of 
the wall caused by workmen hammering, or other exceptional violence. 

Manometer and Tank.—The general arrangement of the apparatus is shown diagram- 
matically in Fig. 2. The manometer system comprised a simple mercury U-tube F of 10 
mm. tubing (connected by stopcocks T, and T, to the balance case and vacuum line respec- 
tively) and an oil gauge G connected to the balance case and the reference reservoir respectively 
through constant-volume indicators or capastats D and E having stopcocks T, and 7,. The 
capastats were essentially mercury-filled U-tubes, the centres being upswept to bring the 
stopcocks just into the surface of the water in the tank, and the mercury surfaces lay in 
bulbs of 2-5 cm. diameter. On the oil-gauge side of each capastat, oil filled the space above 
the mercury, and rose into a narrow tube 5 mm. in diameter (Y, Y’). Thus by applying a 
suitable pressure on the oil-gauge side of the indicator, the volume of the gas in the corre- 
sponding chamber, B or C, could be held at a constant value with great accuracy. A change 
in volume of 0-02 c.c. could be detected easily, and as the volume of the chamber was about 
130 c.c., the maximum change of pressure due to undetected variations in volume could not 
exceed about 0-005 mm. Hg. 

The two sides of the oil gauge, which could be bridged through stopcock T;, were con- 
nected by }” india-rubber pressure tubing to an oil-gauge pressure adjuster H, consisting of a 
mercury U-tube connected to the reservoir K by stopcock T, and bridged through the stop- 
cock T,, whereby the two sides could be isolated at will. By adjusting the amount of mercury 
in the U-tube H and by tilting it also, any desired combination of pressures on the two sides 
of the oil gauge could be obtained. The whole assembly H was therefore carried on a 
mounting which could be tilted by means of a circular rack and pinion, and as this was 
geared very low, a very delicate adjustment of the oil levels was possible. ‘ 

The balance case and reference reservoir were connected to each other and to the main 
vacuum line by stopcocks T, and T, respectively. 

The manometer system, which, for compactness, was bent four times at right angles, so 
as to be in three parallel parts, thus[" |__|, was all enclosed in a tank of 1” teak, having }” plate 
glass back and front, clamped on by 3” bolts and }” teak strips 3” wide. These were kept 
from buckling by 1” x 1” teak struts alongside each bolt, and the tank was rendered water- 
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tight by a gasket of 3” india-rubber pressure tubing between the glass and the wood. The 
inside of the tank, which measured: 150 x 250 x 1000 mm., was given three coats of water- 
proof varnish. The tank held about 38 1. of water and no variation could be detected in its 
temperature during the 2—3 hours required for a determination. It was not necessary to 
stir the water. 
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Method of Opevation.—The zero levels of the oil in the capastats are first determined by 
opening each to the atmosphere on both sides. Then, with T, and 7, shut, the balance case 
B, the reference chamber C, and the mercury gauge F are completely evacuated through T, 
and T,. With T, shut, the reference gas is then allowed to enter B and C, its pressure is 
adjusted until the balance pointer is at zero, and 7, is then shut. To facilitate this adjust- 
ment, the gas is taken from a reservoir of cooled liquid through two stopcocks in series with 
a small reservoir between them. By adjusting the temperature of the. cooled liquid, its 
vapour pressure is made slightly less or more than the pressure in the chambers so that, by 
manipulation of the stopcocks, gas may be passed from or to the chambers in small amounts 
with great precision. Thus a volume adjuster of the usual type is not required. 

The total pressure in H is now made approximately equal to that in the balance case, and 
T, and T, are cautiously opened. The pressure in H is then adjusted to bring both capastats 
to zero again. As T, and T, are still open, the oil gauge will read zero, and the pressures and 
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levels in both sides of H will be equal. T,, T,, T, are now closed, thus isolating a quantity 
of reference gas at its balancing pressure in the chamber C. 

The balance case is next evacuated for 1—1} hours to remove all traces of the reference 
gas, and then rinsed with a small quantity of the gas under investigation, and again evacuated 
for 10 minutes. Then the gas is admitted, and its pressure adjusted until the balance is again 
at zero. Stopcocks 7; and 7, are now shut, and by tilting H a difference of pressure such 
as would be anticipated from the difference in densities of the gases is set up between the two 
sides of the oil gauge. JT, and 7, are now cautiously opened, and the total and relative 
pressures above the oil gauge are adjusted until the oil levels in the capastats are again at 
zero. The difference in the oil levels in the gauge, which is the difference between the 
balancing pressures of the two gases, is read on a silvered-glass scale to 0-005 mm. Hg. At 
the same time the absolute pressure of the gas is read on the mercury manometer to 0-05 mm. 
by means of the same glass scale. 

The manometric system was calibrated by comparing the balancing pressures of pure 
ethylene and dry air freed from carbon dioxide. The ethylene had been purified by low- 
temperature fractionation, and the air was admitted through a tube containing 10” of potash 
pellets and 6” of phosphoric oxide, followed by a trap cooled to — 78°. 

Several determinations were made, the pressure differences read on the oil gauge all lying 
within a range of 0-2 mm. of oil. The mean value obtained for the difference in balancing 
pressures of the two gases was 29-66 cm. of oil when the balancing pressure of air was 65-27 
cm. of mercury. Since the densities of air and ethylene are 14-475 and 14-026 respectively, 
the calculated balancing pressure of ethylene is 67-365 cm. of mercury. Thus 29-66 cm. of 
oil are equivalent to 2-095 cm. of mercury. 

To check the balance for compensation of surfaces, ethylamine was balanced against 
dimethylamine a number of times. No difference in balancing pressure between the two was 
ever observed. Having regard to the fact that the b. p.’s of these substances are 16-5° and 
6-9° respectively, and that the comparison was made at 18°, it is evident that any difference 
in adsorption on the two sides of the balance is too small to have an appreciable effect on the 
density comparisons. 

In some cases, where there was insufficient deuteramine to fill the balance case and the 
mercury manometer, the balancing pressure of the amine was read instead of that of the 
deuteramine. In such cases care was taken that the temperature did not change appreciably 
during the determination. 

The following examples give an indication of the nature of the readings in an actual 
experiment : 
Balancing pressure, Difference in balancing 

cm, of Hg. pressures, cm. of oil. Mol. wt. 

49-40 31-048 
—- 33-021 
12-24 45-075 
_ 46-065 


Interchange in Solution. 


Preparation of Deuteramines.—General. The preparations were carried out in a vacuum 
apparatus (Fig. 3). It was possible to use ground joints and glass stopcocks, because experi- 
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ence showed tbat if these were carefully lubricated with Apiezon M grease, excess of lubricant 
being avoided, no difficulty was experienced through absorption of the amines. 
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Deuterium oxide was distilled through the capillary opener A into the storage vessel B; 
the amine hydrochloride was weighed into E, and treated with successive quantities of heavy 
water, whose volumes were first measured by distilling them into the graduated tube C. 

After air, purified by passing over solid potassium hydroxide and phosphoric oxide, had 
been admitted, the vessel E was detached, an excess of freshly ignited quicklime was added, 
and E was quickly replaced and evacuated, the trap H being cooled to condense any amine. 
The amine was expelled by heating to 150—200°, collected in H, and subsequently condensed 
into F, which contained a further quantity of quicklime, and so left overnight. This treat- 
ment was found to be inefficient, since quicklime has apparently little power to retain water 
in a high vacuum. In subsequent preparations, drying was effected by metallic sodium. 

The amines were purified by fractional condensation in a Stock fractionating apparatus 
(Ber., 1917, 50, 989), stopcocks being used instead of mercury valves. Purification was 
considered to be complete when the middle fraction showed no change in its vapour-pressure 
curve on further fractionation. 

Ethyldideuteramine. Sample I. Ethylamine hydrochloride (B.D.H.) was recrystallised 
three times from rectified spirits and finally from absolute alcohol. It was dried on filter- 
papers, desiccated over calcium chloride, and stored over this reagent after the large crystals 
had been crushed. 

0-760 G. was weighed into E. This weight was obtained by weighing E empty, then 
charging it with salt and evacuating it to constant weight, a procedure necessitated by the 
deliquescent nature of the hydrochloride. This was treated successively with 0-58, 0-79, 0-64, 
0-59, 0-62, and 0-63 c.c. of water containing 99-6% D,O. Each lot of water was allowed to 
melt, dissolving the salt, and then kept at 30—35° for 30 minutes, after which it was pumped 
off into H and distilled back into the storage vessel D. Each quantity of water is approxi- 
mately 3 mols. per.mol. of amine hydrochloride. If, as is supposed, the interchange is limited 
to the three amino-hydrogen atoms, then at equilibrium in the first treatment the deuterium : 
hydrogen ratio will be 2: 1, after a second treatment it will be 2-67: 0-33, and after the sixth 
treatment it will be 2-996 : 0-004. 

The amine, liberated and partially dried by quicklime, was distilled at — 78° through a 
condenser held at — 110° and to a second condenser held at — 194°. Only a trace of more 
volatile impurity was found, but owing to the incomplete removal of water by the lime, there 
was a considerable tail fraction, the purification of which was very tedious. After four 
redistillations of the main fraction, the vapour-pressure curve became constant. The amine 
was stored in a glass globe attached to the apparatus by a stopcock. 

Sample II. 1-294 G. of the same pure hydrochloride were weighed into E and treated 
with 0-95, 0-96, and 0-95 c.c. of the 99-6% D,O, each solution being held at 40° for 30 
minutes. Calculation shows that if the interchange is confined to the amino-group, the 
deuterium : hydrogen ratio in the product should be about 98:2. The final solution was 
divided into two portions, and the water pumped off from both. One portion of the salt was 
used to prepare the amine as described for Sample I and gave sensibly the same vapour 
pressure curve. 

Sample III. To the second portion of heavy salt a large excess of 99-6% D,O, approxi- 
mately 50 mols., was added, and the solution was kept at 80° for 10 periods of 7 hours each, 
with the intervening overnight periods at room temperature. This experiment was carried 
out in the vessel G, which was fitted witha refluxing device. If the alkyl hydrogen atoms 
were taking part in a slow interchange reaction, this treatment should have sufficed to detect 
it. The amine was generated, purified, and stored as before; its vapour-pressure curve was 
identical with that of Sample I. 

Ethylamine. For purposes of comparison pure ethylamine was prepared in the same way. 
The vapour-pressure curve of the purified product was identical with that described by 
Pohland and Mehl (Z. physikal. Chem., 1933, 164, 48). 

Dimethyldeuteramine.. Dimethylamine hydrochloride (B.D.H.) was recrystallised from 
rectified spirits four times, the final product being pure white. It was dried and stored over 
calcium chloride. 1-4 G. were weighed into E, and treated with 0-61, 0-58, 0-60, 0-59, and 
0-66 c.c. of 99-6% D,O, these quantities each nearly corresponding to 2 mols. of water to one 
of hydrochloride. The calculated replacement of hydrogen by deuterium is 99-5%. The 
amine was liberated and partly dried by quicklime, and then further dried at 0° by metallic 
sodium introduced into the apparatus in a thin sealed phial which was broken in a vacuum. 
It was finally purified by distillation from — 78° through a condenser at — 115° into a second 
condenser at — 194°. Three fractionations sufficed to give a product having a constant 
vapour-pressure curve. 
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Dimethylamine. A sample of pure dimethylamine was prepared in the same way. The 
difficulty of removing traces of trimethylamine (which still appear to be present even after 
very careful fractionation, as shown by absorption-spectrum observations, Jolley, Ph.D. 
Thesis, London University) was overcome by holding the mixture at — 90° to — 95° ina 
vacuum for some time. At this temperature trimethylamine (which freezes at — 117-2°) still 
has an appreciable vapour pressure and can be distilled off, while dimethylamine, which 
freezes at — 93°, is not appreciably volatile. The dimethylamine obtained had a vapour- 
pressure curve identical with that described by Simon and Huter (Z. Elektrochem., 1935, 
41, 28). 

Trimethylamine. Two samples of trimethylamine were prepared. The first was liberated 
from the hydrochloride by the action of quicklime at about 50—100°, dried with quicklime 
and then with sodium, and finally fractionated from — 78° to condensers at — 130° and 
— 194°. The second was prepared in the same way except that the hydrochloride had been 
treated with five successive quantities of 99-6% D,O, cach being approximately 3 mols. of 
water to one of hydrochloride. Thus there was sufficient deuterium to give a 90% interchange 
with the alkyl hydrogens, if this were possible. 

The physical properties of these two preparations were compared carefully, and found to 
be identical. Moreover, the vapour-pressure curves were the same as those obtained by Simon 
and Huter (loc. cit.). The m.p., however, about which there has been some uncertainty, was 
found to be — 117-2° + 0-1°. 


Physical Properties of the Deuteramines. 


1. Vapour Density and Extent of Interchange.—The vapour densities of the deuteramines 
prepared were compared with those of the corresponding ordinary amines by the method and 
technique already described. The results are summarised in Table I. They show unequi- 
vocally that the deuterium does not enter the alkyl groups, although it almost completely 
replaces the amino- and imino-hydrogen. The ethyldideuteramine prepared by the ordinary 
method is shown to contain over 99% of C,H,*-ND,, which is near the maximum obtainable 
when using 99-6% D,O. The second sample contained about 98% C,H,*-ND,, since it was 
only treated three times with deuterium oxide. The third sample, obtained from hydro- 
chloride drastically treated with a large excess of heavy water, is practically identical with 
sample I. 

This evidence is substantiated by the measurements with dimethyldeuteramine. The 
density of this again shows replacement of about 99-5% of the ionisable hydrogen by 
deuterium. If further evidence were necessary, it is provided in a striking fashion by the 
two samples of trimethylamine, one treated with deuterium oxide and one untreated. There 
was not the slightest indication of any difference in the densities of these two gases when 
balanced against each other. 

Methyldideuteramine prepared by the procedure described in an earlier communication 
was found to be practically pure CH,-ND,, thus justifying the conclusion based on consider- 
ation of other physical properties. 


TABLE I. 


Balancing press. Hg equiv. of oil- Balancing press. (calc. 
(from Hg gauge). gauge reading. from oil gauge). M.* 
392-60 + 0-05 — as 45-085 
15-959 + 0-005 376-65 46-99, 
15-702 “ 376-90 46-96, 
15-920 me 376-68 46-99, 
_ — 45-085 
8-641 393-56 46-065 
< — 59-103 
0-000 306-85 59-10, 
— — 31-048 
34-954 - 559-0 33-02, 
* The molecular weights of the reference gases are calculated from the atomic weights C = 12-010, 
H = 1-008, and N = 14-008. 


2. Vapour Pressure and Boiling Point—For measuring the vapour pressure, Stock’s 
well-known method was employed, and Emeléus and Briscoe’s technique was followed (J., 
1937, 127). Ten or twelve readings were obtained for each of the three ethyldideuteramine 
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samples, all in the region where the vapour pressure changes rapidly with temperature (— 10° 
to + 15°), and the curves were plotted on a single diagram: they were identical over this 
range. The complete vapour-pressure curve of sample I was drawn over the range — 60° to 
+15°, 44 measurements being made. Temperature was measured by a standardised mercury 
thermometer (+15° to — 10°), a sulphur dioxide vapour-pressure thermometer (— 10° to 
— 40°), and an ammonia vapour-pressure thermometer (— 40° to — 60°). As a further 
precaution against error, samples I, II, and III were mixed, and the vapour-pressure curve 
again determined; it was found to be identical with that of sample I. 
In addition to the ~-T curve the log » — 1/T curve was plotted, and from both these the 
b. p. was obtained by extrapolation. The values from the two curves are in good agreement. 
The results are summarised under (i) and (ii) respectively in Table II, where the m. p.’s are 
also recorded. 
TABLE II. 
B. p. B. p. 
TN, pn, 
Sumple. i). (ii). M. p. ; i). (ii). 
CH,°NH, “2° —6-1°  —93-1° ¥ , 16-6° 
CH,°ND, , —5-1 — 89-2 . ‘ 17-4 
(CH,),NH . 69  —93-0 . 7:7 


TABLE III. 
Dimethyldeuteramine. 


Ethyldideuteramine. 
PP, mm. i Pp, mm, 


t. p, mm. t. p, mm. te . 
5-5° 700-7 — 23-6° 96-7 5-5° 692-7 —33-2° 94-4 
8- 526-9 —41-1 32:3 0-0 547-5 —48-3 33-2 
0- 354-3 — 54-4 12-2 —11-8 310-8 — 62-5 10-7 
—10-8 207-1 — 60-0 77 — 23-2 168-1 — 68-6 5-9 


1 


Table III gives a selection of the actual vapour-pressure measurements for each deuter- 
amine, and Table IV gives a few selected data for ethylamine and dimethylamine and the 


corresponding deuterated amines, to show the general trend and magnitude of the vapour- 
pressure differences. 


TABLE IV. 


t. C,H,-NH,. C,H;‘ND,. _ Diff. (CH,),NH. (CH,),ND. 
—50° 19-0 17-5 29-0 27-5 
—30 72-2 69-5 117-0 113-0 
—20 130°5 126-5 209-0 199-5 
—10 223-0 216-5 ; 351-2 338-8 

0 369-9 354-3 562-1 547-5 

5 465-8 445-5 701-8 677-5 

10 582-5 557-0 


3. Ultra-violet Absorption Spectra.—The ultra-violet absorption spectra of ethyldideuter- 
amine and dimethyldeuteramine were photographed, and the positions of the principal bands 
measured, a Hilger small quartz spectrograph (E531) being used. The amine, at various 
pressures, was contained in a quartz absorption cell 5cm. long. The light source was a water- 
cooled Wood’s hydrogen tube, operated by 0-25—0-3 amp. at 5000 volts. 

Ethyldideuteramine. Thirty bands were measured, the copper arc being used as reference. 
The general character of the spectrum, which resembles that of ethylamine but is more 
crowded, appears to be very complex. The bands seem to fall into three series, in each of 
which Ay is about 630 cm.— (cf. 669 for ethylamine), but it is possible that a more satisfactory 
analysis would result if alternate bands in each of these series were considered separately, 
making six systems of relatively intense bands. For this, however, it is desirable to use an 
instrument of higher dispersion. 

The bands, which extend from about 2400 to 2050a., are of at least three different 
intensities, somewhat diffuse, and appear, at least in the most intense bands, to be degraded 
towards the ultra-violet. In addition to the (intense) bands measured, there are a number 
of relatively weak bands which could not be measured, and are not given in the table. A 
comparison with the absorption spectrum of ethylamine shows many bands nearly coincident, 
but until more is known about both spectra, the reality of this coincidence remains doubtful 


and its meaning obscure. 
E 
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The values for 4, v, and Av are given in Table V. 

Dimethyldeuteramine. The spectrum of this compound is extremely complex. There are 
apparently three main series of bands, though again it is doubtful whether these should not 
in fact be regarded as six series. In addition there are at least three more systems, showing 
very much weaker absorption, which were not measured. The measurements of the band 
heads of the three main systems are given in Table V. 


TABLE V. 


Ethyldideuteramine. Dimethyldeuteramine. 
y, cm,.", Av. A, A. vy, cm,-}, 
41,805 2237 44,704 
42,426 621 2228 44,887 
42,590 2218 45,091 
43,127 701 2212 45,213 509 
43,290 2207 45,316 
43,478 2190 45,662 
43,682 555 * 2182 45,852 639 
44,013 2178 45,912 
44,090 2168 46,123 
44,305 623 2160 46,296 444 
44,564 2155 46,404 
44,724 2146 46,599 
44,906 601 2137 46,849 553 
45,104 2131 46,926 
45,356 2121 47,158 
45,468 562 2115 * 47,285 436 
45,742 2109 47,525 
45,997 2099 47,633 
46,123 655 2092 47,823 538 
46,382 2086 47,934 
46,578 2076 48,266 
46,758 635 —y. 2070 48,309 486 
47,040 2064 48,449 
47,170 2052 48,722 
47,393 635 2049 48,806 499 
47,619 2042 48,972 
47,847 2029 49,291 
48,029 636 2027 49,338 532 
48,285 2019 49,537 
48,473 2010 49,751 
48,661 632 2004 49,905 567 _ 
1998 50,014 
1988 50,395 
1983 50,426 521 
1977 50,577 
1963 50,941 515 


Further work on these spectra is in progress. 

Interchange at a Catalytic Surface—As already mentioned, such a stable molecule as 
methane will interchange with deuterium at the surface of reduced nickel at 184°, whilst 
ammonia and deuterium react readily on synthetic-ammonia catalysts even at room temper- 
ature. It would appear, therefore, that methylamine should react with deuterium on catalytic 
surfaces, and accordingly a series of experiments was undertaken with the primary object of 
ascertaining if catalytic interchange could effect substitution of deuterium for hydrogen in the 
alkyl as well as in the amino-group of methylamine. The method employed was to circulate 
the amine mixed with deuterium over a, heated nickel catalyst and measure the extent of 
interchange by density determinations with the buoyancy balance. 

The system shown diagrammatically in Fig. 4 was designed to circulate gases over the 
heated catalyst at any desired pressure. The circulating pump A consisted of a mercury 
U-tube whose limbs were connected by 6 feet of 3” bore india-rubber pressure tubing. The 
limb which formed part of the circulating system had ground glass inlet and outlet valves. 
The other limb was fitted with a floating piston which opened and shut a poppet valve as 
the mercury rose and fell. This valve was a rubber bung B on a guide rod C which fitted 
loosely in the neck of the float, the bung resting on the ground end of the narrow neck D of 
the U-tube limb. When steady suction is applied by means of a water pump connected with 
the side tube E, the mercury rises in the outer limb until the float lifts the valve and so admits 
air, when the mercury falls again. This cycle repeats itself indefinitely with a concomitant 
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oscillation of the mercury column which, therefore, acts as a piston in the pump limb. The 
rate of pumping can be varied over a wide range by adjusting the suction and varying the 
loading of the float valve, and the device proved entirely reliable when running unattended 
over long periods. It has the advantages over some other similar contrivances that, (a) 
owing to the size of the outer limb and the use of a flat-faced valve, there is practically no 
risk of sucking the mercury over into the suction pump, and (db) as the relative positions of 
the bulbs can be adjusted, the pump can circulate gas at any pressure at which the valves 
will operate. 
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Pure deuterium was prepared by electrolysis of 99-6% deuterium oxide containing dissolved 
sodium peroxide as electrolyte in a cell devised to minimise the bulk of electrolyte and 
facilitate the collection of the deuterium in an evacuated bulb. The deuterium first evolved 
was rejected, and the pure gas evolved later was collected and mixed with methylamine in 
measured proportions in the circulating system. The mixture was circulated over a hot nickel 
catalyst in the furnace F, and at the end of the experiment condensable gases were frozen 
out and the rest pumped out; the former were then examined. 

The catalyst was prepared from pure nickel gauze which had been freed from grease by 
repeated treatment with ether (d 0-720) and then oxidised in the catalyst tube at 420° for 3 
hours. The oxygen, obtained from a cylinder, was dried by passing through two bubblers 
of concentrated sulphuric acid. The partly oxidised nickel was then reduced at 250° for 6 
hours with cylinder hydrogen which had been purified by passing first over heated palladised 
asbestos and then through a freezing bath of alcohol cooled with solid carbon dioxide. The 
oxidation and reduction process was repeated three times. When the catalyst was to be used 
for deuterium, the final reduction was carried out using that gas. 

Preliminary experiments with methylamine, alone and with hydrogen, were carried out 
to find the temperature at which the interchange could be run without fear of decomposing 
the amine, decomposition being ascertained by means of the vapour-pressure curve. There 
was no decomposition below 220°; but at 230°, decomposition was evident, though not 
extensive, at the end of a 24-hour run. 

Methylamine and deuterium were circulated in various proportions while the catalyst was 
held at various temperatures between 20° and 195°, the experiment usually being allowed to 
run overnight (16—24 hours). The amine was checked for purity by its vapour pressure. 
The extent of interchange was found by comparing the vapour density with that of pure 
methylamine, the buoyancy balance being used as already described. 

For reasons of economy, a quantity of pure methylamine was circulated connutiniiy with 
a number of small quantities of deuterium, and the density of the amine was checked after 
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each experiment. This produced an amine which corresponded in density approximately to 
CH,*ND,, but the progressively smaller fraction of deuterium taken up suggests that, as in 
the case of the solution, the interchange is confined to the amino-group. The results of the 
progressive deuteration are shown in Table VI. 


TABLE VI. 
Time, Pp, p,amine, Value of xin Time, Pp, p, amine, Value of x in 
Temp. hrs. mm. mm. CH,'NH,D,_,. Temp. hrs. mm, mm, CH,°NH,D,_,. 
158° 16 202 388 CH,-NH, 1-57 170° +18 194 366 product 0-89 
158 16 16 { 190 CH,-NH, 1-53 170 18 161 366 os 0-54 
+298 product * 175 23 143 362 ad 0-33 
158 16-5 145 a0” lw 1-33 185 18 115 344 _ ,, 0-20 
158 4°5 156 466 a 1-32 185 16-5 92 344 in 0-08 
150 16 151 468 _ ,, 1-18 190 17 72 329 ,, 0-03 
150 4 151 437 = 1-14 


* The “ product ”’ is in each case that resulting from the previous run. 


To confirm this conclusion, a sample of methyldideuteramine as pure as possible was 
prepared by the ordinary method and circulated with an approximately equal volume of 
deuterium over a nickel catalyst at 200° for 66 hours. The amine was balanced against the 
original deuteramine and found to have become a very little heavier (cf. Tables VII, IV). 
Calculation showed that the increase in density corresponded with an increase in purity from 
99-6% to 99-9%. A further treatment produced very little change, and a third treatment 
had no measurable effect. A comparison of the vapour-pressure curves of the deuteramine 
samples, before and after this treatment, showed them to be identical. Table VII summarises 
the whole of the experiments with the circulator. 


TABLE VII. 


Summary of experiments with the circulator and nickel catalyst. 
Temp. Period, hrs. Result. Temp. Period, hrs. Result. 
I, Methylamine. III. Methylamine and deuterium. 
20° 66 No decomp. 20° 240 No interchange 
120 8 * 195 * 24 ” 
220 24 = 120 24 ” 
200 . Little decomp. to iso} (See Table VI for results.) 
II. Methylamine and hydrogen. 
160 6 _ No decomp. IV. Methyldideuteramine and deuterium. 
220 16 Little decomp. 195 24 No alkyl exchange 


195 66 ” ” 


V. Trimethylamine and deuterium. 
184 72 No interchange 


* This run was conducted without a catalyst. 


The inability of the alkyl group in methylamine to take part in exchange reactions with 
deuterium under the conditions described may be due to the pronounced electronegative 
character of the amino-group. This would become strongly adsorbed on the surface of the 
nickel, where the interchange occurs, whereas the alkyl group would have less intimate 
contact with the surface. This applies equally whether the amino-group be completely 
deuterated or not, so that methyldideuteramine would be expected to take up deuterium only 
very slowly, if at all, unless it were capable of existing in tautomeric forms. The results seem 
to show clearly that this is not the case. 

The general result of these experiments opens up the exceedingly interesting problem of 
the effect of substituents upon the interchange of deuterium and hydrogen at catalyst surfaces, 
and suggests some enquiries of fundamental importance in the chemistry of both aliphatic and 


aromatic substances. 
Grateful acknowledgment is made of a grant from Imperial Chemical Industries, Ltd., 


towards the cost of the apparatus used in this work. 
[Received, November 5th, 1938.] 
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8. The Solubility of Water in Benzene Solutions of 
Ethanolamine Oleate. 


By RIcHARD C, PINK. 


Solutions of ethanolamine oleate in benzene and other organic solvents dissolve 
relatively large amounts of water. The absorption of the water is accompanied by a 
rise in the viscosity of the system. Small quantities of various phenols increase the 
amounts of water taken up to a remarkable extent. 


IN a recent paper on water-in-oil emulsions (this vol., p. 1252), in which the effect of adding 
water to solutions of magnesium oleate in benzene was described, the author showed that 
stnall quantities of water were first dissolved by the solution and that further addition of 
water caused practically complete precipitation of the soap in a form containing water. 
It was found that the amounts of water taken up before precipitation of the hydrated soap 
commenced were proportional to the concentration of the magnesium oleate. 

This power of taking up water possessed by solutions of soap in organic solvents has 
already been observed by Weichherz (Kolloid-Z., 1929, 49, 158), and the phenomenon is 
undoubtedly related to the property which aqueous soap solutions possess of dissolving 
various organic substances (Pickering, J., 1907, 91, 2001; 1917, 111, 86; Lester Smith, 
J. Physical Chem., 1932, 36, 1401, 1672, 2455; Lawrence, Trans. Faraday Soc., 1937, 38, 
325; Proc. Roy. Soc., 1935, A, 148, 59). Weichherz examined, in great detail, the effect 
of adding water to solutions of phenol and sodium oleate in xylene, and showed that small 
quantities were dissolved by such systems; ¢.g., the ternary system consisting of xylene 
79-94%, phenol 12-91%, and sodium oleate 7-15%, remained homogeneous after the addi- 
tion of 4-66% of water. This absorption of water could not be explained on the basis 
of the mutual solubility of the constituents of the mixture, and must have been caused by 
adsorption at the interface soap—xylene, or possibly by internal solution in the soap micelle, 
In a previous paper (Kolloid-Z., 1929, 47, 133) Weichherz had shown that the xylene— 
sodium oleate solution alone did not possess the power of dissolving water. Addition of 
water caused, instead, the formation of an oil-continuous emulsion, and further additions 
caused the inversion of this system to one in which water was the continuous phase. 

It is now shown that when water is added to a solution of ethanolamine oleate in benzene 
(or certain other solvents) and the mixture is vigorously shaken, the water is rapidly 
taken up, and a clear solution is obtained. Further addition of water causes the precipit- 
ation of the soap in a white curdy form, and the addition of much water brings about an 
inversion of the system. Water becomes the external phase and a very stable oil-in-water 
emulsion is formed, Ethanolamine oleate normally gives rise to this type of emulsion 
when dissolved in water (Cheesman and King, Trans. Faraday Soc., 1938, 34, 594). This 
inversion from the oil-continuous to the water-continuous type of system can be shown 
readily by means of drop tests (Briggs, J. Physical Chem., 1914, 18, 34) or, better, by the 
electrical conductivity method (Clayton, Brit. Assoc. Colloid Reports, 1918, 2,114). Chees- 
man and King (loc. cit.) have noted that ethanolamine soaps can stabilise both types of 
system, and the oil-continuous system was described by them as a water-in-oil emulsion. 
Microscopic examination indicated that the heterogeneous oil-continuous systems examined 
in the course of this investigation, in which the oil was benzene, foluene, or xylene, resembled 
more closely the ‘‘ quasi-emulsions ”’ described by Briggs and Schmidt (J. Physical Chem., 
1915, 19, 478). 

EXPERIMENTAL. 

Absorption of Water by Solutions of Ethanolamine Oleate in Benzene, Toluene, and Xylene.— 
A m-solution of ethanolamine oleate in the organic solvent was prepared and diluted to the 
required concentrations (C, in mols./l. of solution), The solvents were previously rendered 
anhydrous by standing over sodium and redistillation immediately before use. The oleic acid 
was obtained from Kahlbaum and the ethanolamine was a specially purified sample. 

The experiments were carried out in 4-oz. glass-stoppered bottles. 50 C.c. of the soap 
solution were introduced into the bottle, water was added from a microburette, and the mixture 
was vigorously shaken by hand after each addition until the water had been taken up and a clear 
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solution was obtained. The point was recorded at which the last small addition of water caused 
the appearance of a faint cloudiness. Each experiment was carried out a number of times 
and the probable error in the readings was not greater than 0-02c.c. The results are summarised 
below, and those for benzene are also shown graphically in Fig. 1. 


Fic. 1. 
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c. C.H,. C.H,Me. C,H,Me,. ¢. CeH,g. C,.H,;Me. C,H,Me,. 
0-05 0-18 0-17 0-18 0-40 1-40 1-32 1-36 
0-10 0-38 0-34 0-36 0-50 1-70 1-68 1-68 
0-20 0-70 0-68 0-69 0-60 2-08 2-03 2-07 
0-30 1-06 1-05 1-08 0-70 2-35 2-34 2-36 

No readings could be obtained for 0-8m or greater concentration, for in these cases, after the 

addition of a small amount of water, the solutions became so viscous as to make accurate 
measurements impossible. It will be seen from the figure that the quantities of water dissolved 
by the soap solutions are proportional to the concentration of the soap. The viscous systems 
were examined with the aid of the polarising microscope and found to be isotropic optically. 
Although the dry solutions of the soap showed little tendency to foam, the solutions to which 
water had been added formed an exceedingly stable foam when shaken, especially when just 
insufficient water had been added to cause the precipitation of the soap. 

The marked effect of phenol on the system xylene—sodium oleate has already been noted. 

A similar effect has been observed when phenols are added to the benzene—ethanolamine oleate 
system. The addition of small quantities of phenol or one of its homologues increases the 
quantity of water dissolved to a remarkable extent. Thus, if to one of the bottles to which 
sufficient water had been added to bring about precipitation of the soap, a small amount of 
phenol was added and the bottle was vigorously shaken, a clear solution was obtained with a 
much smaller tendency to form a stable foam. Addition of further quantities of phenol caused 
the solution to become cloudy again. This effect was examined more closely as follows. Weighed 
amounts of phenol were added to solutions of ethanolamine oleate in benzene, and water was 
added as before, until the solutions became cloudy. Each solution contained 39-04 g. of benzene 


Fic. 2. 
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and 3-43 g. of ethanolamine oleate. At the concentration of phenol at which the maximum 
amount of water was taken up, a strong greenish opalescence developed when a certain amount of 
water had been added, and after some time the solution became cloudy. Experiments were 
carried out with o-, m-, and p-cresols, and in each case a very similar effect was observed. The 
results for phenol and o-cresol are shown in the following table and also graphically in Fig. 2. 
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The amount of water taken up by the soap solution increases rapidly on the addition of small 
amounts of the phenol, and then decreases to about the original amount when more phenol 
is added. 


Ph-OH, H,O, Ph-OH, H,0, Ph:-OH, H,O, o-Cresol, H,O, o-Cresol, H,O, o-Cresol, H,O, 
g. C.c. , g- c.c. ° C.C. g. c.c. c.c. 

0-00 0-45 ° , 55 7:00 0-90 . 0-45 2. 50 3-00 7 0-65 
0-30 1-30 , 1:25 800 1-05 . 1-13 1-90 8- 0-75 
0-75 3-00 . 0-95 10-00 1-13 ° 2-15 . 1-30 0- 0-75 
100 4-90 : 0-80 12-00 1-40 ° 3-30 ° 0-80 2- 0-80 
150 3-00 ° 0-85 15:00 1-68 ° 5-30 . 0-70 5- 1-00 
2-00 1-90 : 4-80 


A complete explanation of these phenomena must be deferred until more information 
is obtained on the nature of soap solutions in organic solvents. Work along these lines 
is being carried out in these laboratories. The results, however, indicate that the general 
rule, stated by Weichherz (loc. cit.), that a wholly or partly hydrated soap is insoluble in 
hydrocarbon solvents, is invalid. 


I am indebted to Dr. H. Graham, who suggested this work, and to Prof. A. W. Stewart 
for his continued advice and encouragement. ; 


THE StR DONALD CURRIE LABORATORIES, 
THE QUEEN’S UNIVERSITY, BELFAST. [Received, November 7th, 1938.] 





9. Non-stoicheiometric Oxides. Part I. The Oxides of Chromium. 
By A. CAMERON, E. H. HARBARD, and A. KING. 


A large number of oxides of chromium, intermediate between CrO, and Cr,O, have ~ 
been reported, the results of different workers being in disagreement. A general survey 
of the oxides of chromium has therefore been undertaken. It has been found that 
chromic anhydride decomposes in two stages with the formation of two non-stoi- 
cheiometric oxide ranges; CrO,,—CrO,., and CrO,., —CrO,... Many of the oxides 
reported by earlier workers have been shown to lie in one or other of these stability 
ranges. 

Of the other oxides of chromium, the only one which appeared to be substantiated 
was the dioxide. Three methods of preparing the so-called dioxide have therefore been 
carried out, with the following results: (a) The substance formed by low-temperature 
decomposition of ammonium dichromate is shown to contain nitrogen; (b) the oxide 
formed by heating chromic hydroxide in oxygen is in the first non-stoicheiometric range 
above, previous workers having erroneously based their analyses on the supposition that 
the decomposition product of this oxide was chromic oxide, whereas, in fact, it is the 
second non-stoicheiometric oxide above; (c) the oxide formed by the action of chromic 
anhydride on chromic hydroxide comes in the second range above. In instance (b) the 
hydrolysis of the material has been studied. 


UNTIL the end of 1933, knowledge of the oxides of the common metals was considered to be 
almost complete, the formulation of complex oxides normally being made in terms of the 
simpler members of the series; ¢.g., Cr;0,. was formulated as 3CrO,,Cr,0,, and Pb,O, as 
2PbO,,PbO,. Klemm and Hass (Z. anorg. Chem., 1934, 219, 82) showed, however, that 
nickel oxide can never exist as NiOjo99. They followed the decomposition of nickel 
carbonate analytically and magnetically, and proved that nickel oxide has a normal 
paramagnetism providing that the amount of oxygen is greater than that given by the 
ratio Ni:O = 1:1-005. As soon as the amount of oxygen falls below this value, the 
crystal breaks up and becomes ferromagnetic owing to the liberation of metallic nickel. 
A similar departure from the law of constant proportions appears to be shown by cupric’ 
and ferrous oxides and by ferrous sulphide, and the authors (J., 1938, 955) have already 
shown that the composition of chromic oxide varies somewhat with its method of 
preparation. These facts receive considerable support from the work of Hagg on the 
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tungsten bronzes (Nature, 1935, 185, 874; Z. physikal. Chem., 1935, 29, 192). He showed 
that a large number of compounds could be prepared with the formula Na,WO,, where 
x may vary from 0-93 to 0-32. By quantitative and X-ray analyses of different specimens, 
he found that the length of the crystal face increased from 3-813 to 3-850 A. as more 
sodium was incorporated in the crystal lattice. This is to be expected, for the subtraction 
of the sodium ion as a sodium atom leaves a positive charge on the rest of the molecule. 
This charge is spread over the whole of the lattice, reducing the negative charge on the 
whole of the tungsten ions forming the lattice and thus lessening the repulsive force 
between them. 

It would thus seem likely that many of the oxides of metals of variable valency are not 
exactly stoicheiometric compounds and may also vary slightly in composition between 
well-defined limits. Moreover, examination of many of the more complex oxides reported 
in the literature may also prove these to be non-stoicheiometric. 

Oxides of Chromium.—Innumerable oxides of chromium, intermediate between CrO, 
and Cr,O, have been reported, although the existence of many of them remains unconfirmed. 
Some of these are shown in Table I, but the earlier literature described many others. 


TABLE I. 


. Formula. Decimal formula. Reference. 
Ball, J., 1909, 95, 87; Hooton, P., 1908, 24, 27; Ridley, Chem. News, 
Cro Cro 1924, 129, 35; Popp, Annalen, 1870, 156, 93; Kopp, Chem. News, 1864, 
° . | 11, 160; Moles and Gonzalez, Anal. Fis. Quim., 1923, 21, 204; 
Bhatnagar, Prakash, and Hamid, J., 1938, 1428. 


Crs01s P } Simon and Schmidt, Z. anorg. Chem., 1926, 158, 191. 
513 ° 


Go, “s } Honda, Sci. Rep. Tohoku Univ., 1913, 3, 223. 
Cro! , }Schukoff, Compt. vend., 1908, 146, 1396. 
Cr,0,, CrO,. Traube, Annalen, 1848, 66, 87; Popp, loc. cit.; Kopp, loc. cit. 


Various experimental methods have been developed for both the preparation and the 
analysis of these oxides, but apart from the work of Simon and Schmidt (loc. cit.) little of it 
is recent. It would thus seem that a new and more comprehensive study of the oxides of 
chromium is required, apart from all questions of non-stoicheiometry. 

The principal method of studying these oxides seems to have been to follow the thermal 
decomposition of chromic anhydride by gravimetric means, or, in cases where new oxides 
have been discovered, to ignite a fixed weight of the new oxide to chromic oxide. There is 
often a lack of analytical data, and in all cases where these methods have been followed, no 
mention is made of any analysis to check the composition of the final product, assumed to 
be chromic oxide. There is a potential source of error here, for not only might the final 
product of some of these decompositions be a lower, intermediate oxide, but the very 
composition of chromic oxide is variable, as we have shown (loc. cit.). Indeed, several of 
the earlier workers noticed that their final product had not the bright green colour of Cr,O,, 
but a dull grey-green. 

It was decided that the best method of detecting the existence of these oxides was 
to follow the decomposition curves of chromic anhydride or any other higher oxide of 
established formula. 

Decomposition of Chromic Anhydride.—The first systematic work on the degradation of 
chromic anhydride was by Honda (loc. cit.), who followed the ciiange in the magnetic 
susceptibility of the oxide as it decomposed. He found a lower oxide at 295° which was 
stable up to 400°; here it began to decompose slightly, and at 450° rapid decomposition 
took place with the formation of another oxide, which was ferromagnetic, having a Curie 
point at 220°. At 680° this finally yielded chromic oxide. Honda assigned the formule 
Cr,O0,,; (CrO,,;) and Cr,O, (CrO,.,) to these intermediate oxides. A ferromagnetic oxide 
of formula Cr,O, had previously been described by Wohler. Schukoff (loc. cit.) had also 
noticed that Wohler’s magnetic oxide was formed on heating chromic anhydride to 330°, 
but that it was of variable composition with a mean formula Cr,O, (CrO,.,5). 

Simon and Schmidt (loc. cit.) measured the loss of weight of chromic anhydride when 
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heated in a vacuum to different temperatures, special precautions being taken to prevent 
any loss due to distillation of the oxide. They concluded that there were two intermediate 
oxides, Cr;0,, (CrO,,4) and Cr;O,, (CrO,.,). They apparently found no trace of the 
foregoing ferromagnetic oxide, although Wedekind and Horst (Z. anorg. Chem., 1933, 210, 
105), presumably working with Simon and Schmidt, stated that Cr,O,, is ferromagnetic. 
Its susceptibility is about 100 times less than that of Wéhler’s oxide, with which it cannot 
therefore have been confused. 

We carried out the degradation of chromic anhydride in a constant-pressure apparatus 
(see p. 61). The correction curve in each diagram represents the expansion due to increased 
temperature. Several determinations were made, there being small variations between the 
resulting curves. Two typical curves are shown in Fig. 1. They show the formation of 
two non-stoicheiometric oxide ranges, the average compositions being CrsQ42 (CrO,.¢-».) 
and Cr;,O, (CrO;.7;). In none of the curves was the oxide seen to decompose in the 
manner of an ordinary stoicheiometric compound, there being always a range of stability 
about the mean formula. It will be noticed that these results agree, in general, with 
Honda’s work, his Cr,O,; being within the range of the higher oxide composition, and 
that the Cr;0,, oxide of Simon and Schmidt may be considered to be in the same oxide 
range. The variations between the different oxide decompositions are apparently of little 
significance. It has been noticed by other workers that the decomposition temperatures 
of various oxides are dependent on the surface condition, moisture content, rate of 
heating, etc. We shall discuss this matter in more detail in a later paper. 
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Decomposition of Individual Oxides.—All the complex oxides of chromium described by 
earlier workers using reliable technique fall within the two non-stoicheiometric ranges 
described above, with the exception of the dioxide, the existence of which has been claimed 
by many workers for products obtained by different methods. As there was no sign of the 
formation of any such dioxide in the decomposition curve of chromic anhydride, it was 
thought advisable to examine the different oxides formulated thus. 

(a) Chromium dioxide from ammonium dichromate. Rawson (J., 1889, 35, 213) found 
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that on heating ammonium dichromate at a temperature below that at which it normally 
decomposes, a grey-green dioxide was obtained. This was confirmed by Maumerie (Bull. 
Soc. chim., 1892, 7, 134) and later by Ball (loc. cit.), who noted that the hydrate CrO,,H,O 
was formed. Recent work by Moles and Gonzalez (loc. cit.) was held to verify the existence 
of the dioxide, but the amount of nitrogen produced in the reaction did not agree with the 
theoretical value. We prepared this material by their method, viz., by heating ammonium 
dichromate for 5 days at 195°. Decomposition then appeared to be complete, a portion 
of the powder yielding no coloration when washed with water. Determination of the 
chromium content of the powder gave a result corresponding to the dioxide. A portion 
was then decomposed in the same apparatus as was used for the chromic anhydride de- 
composition; two curves of the decomposition are shown in Fig. 2. It will be seen that 
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there are at least three distinct temperatures of decomposition, each intermediate product 
giving evidence of non-stoicheiometry as in the decomposition of chromic anhydride. 
Samples of the gas evolved at the points marked on the curve were removed and analysed 
in a Bone—Wheeler apparatus. These results, collected in Table II (i), prove that the 
material is not chromium dioxide, for both nitrogen and nitrous oxide are evolved in its 
decomposition. 

It was suspected that Moles and Gonzalez’s ‘‘ dioxide ’’ might still have been contamin- 
ated with undecomposed ammonium dichromate, so a portion was thoroughly washed 
with methyl alcohol, in which the salt is very soluble, and the alcohol removed by evacu- 
ation. A portion of this modified sample was then decomposed as before, two curves being 
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plotted in Fig. 3, and the analyses recorded in Table II (ii). The curves are similar to those 
obtained for the original sample, but the analyses show that the evolution of nitrogen and 
nitrous oxide is dependent on the past history of the sample. It is at least certain that the 
compound is not chromium dioxide. A similar nitrogen-containing product was obtained 


TABLE II. 
Composition (%) of gases evolved in the decomposition of Moles and Gonzdlez’s 
“* dioxide.” 
(i) Decomposition as shown in Fig. 2. (ii) Decomposition as shown in Fig. 3. 
B. é. D. E. “A. B. S D. E. 
2-5 0 0 15 36-0 19 1-4 5-4 
5- 


‘0 9-8 3 
‘0 72-0 90 22 26 11-2 10-7 65-6 67-0 80-6 
‘0 25-5 10 78 59 79-0 37°3 15-1 31-6 14-0 








by Harbard and King (J. 1938, 955) by the decomposition of ammonium dichromate in a 
vacuum; but this compound decomposed in a manner different from that of Moles and 
Gonzalez. It would thus seem that a number of products of variable composition can be 
obtained in these ways, but whether they are non-stoicheiometric nitrogen compounds or 
solid solutions of two or more compounds, it is not yet possible to say. 

(b) Chromium dioxide from oxidation of chromic hydroxide in oxygen. Moissan (Ann. 
Chim. Phys., 1880, 21, 246) described an oxide, CrO,, obtained by heating chromic hydroxide 
in a stream of oxygen at 280°, and Manchot and Kraus (Ber., 1906, 39, 3512) confirmed this 
result, heating a known weight of the oxide at 440° and weighing the residue. Simon and 
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Schmidt (loc. cit.) carried out the decomposition of this oxide, which took place sharply at 
335°. The product of this decomposition, which was stable to 530°, was assumed to be 
chromic oxide, although the authors state that the colour of this product was darker than 


that of normal chromic oxide. 
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We prepared Moissan’s oxide by precipitating chromic hydroxide from chrome alum by 
ammonia, dialysing it for 36 hours to free it from ammonium salts, and heating it for 9 
hours in oxygen at 285°. The product, a black, crystalline powder, dissociated at 330° in 
agreement with Simon and Schmidt’s observation. The curve was followed up to 680°, 
and the product allowed to cool; it was then dull green, as stated by these authors. Fur- 
ther heating of this powder gave a considerable evolution of oxygen between 850° and 870°. 
In order to determine the composition of these intermediate oxides, a weighed amount of 
the original compound was ignited at 500° and weighed again. It was then thoroughly 
ignited over a roaring Bunsen flame for about an hour, allowed to cool in air, and again 
weighed. The product of the first ignition was grey-green, but the final residue was of the 
usual bright green colour characteristic of chromic oxide. Calculation from these results 
showed that the first decomposition product corresponds to the formula CrO,.. and 
the original substance to CrO,.,. Both of these oxides appear during the decomposition of 
chromic anhydride; it seems that the action of oxygen on chromic hydroxide is to produce 
the non-stoicheiometric CrO,.,, which on heating decomposes normally. In the present 
instance the CrO,., oxide did not begin to give off oxygen until heated to 550°, and decom- 
position was not complete until 870°, whereas the product of similar formula formed directly 
from chromic anhydride decomposed at 450°. Although variation in the physical condition 
of oxides is known to influence their decomposition temperatures, the above difference 
seems a little large. 

Hydrolysis of the Moissan oxide. Manchot and Kraus found that their oxide did not 
react with water, but Blanc (Aun. Chim. Phys., 1926, 6, 202), who prepared the same 
compound by heating chromic hydroxide in air at 230°, noticed that hydrolysis took place 
even at room temperature with the formation of chromic acid. He proved that the oxide 
Cr,O, was formed in the process. Blanc noted that between 360° and 410° this compound 
had a variable composition. This was confirmed by Michael and Bernard (Comp. rend., 
1935, 200, 1316), who also showed that the crystal parameter increased from 5-27 to 5-33 A. 
during the process, a behaviour recalling that of the tungsten bronzes (p. 56). 

We heated a small amount of the original oxide in a large excess of water for 15 hours 
at 90°. The water became coloured immediately, even in the cold, and was found to con- 
tain chromate but no chromic ions. The decomposition curve of the resulting powder 
agreed fairly well with the curve for the unhydrolysed oxide except that the temperature 
of the first decomposition was slightly higher. The oxygen loss during this decomposition 
was, however, considerably less than before, indicating that some of the oxide had 
decomposed to Cr;O,: 3Cr;0,, = 10CrO, + Cr;O,. This agrees with the theory of Blanc, 
who measured the magnetic susceptibility of his compound which became ferromagnetic 
after hydrolysis, presumably being converted into the Cr;O, stage. 

(c) Chromium dioxide from chromic hydroxide and chromic anhydride. Bhatnagar, 
Prakash, and Hamid (loc. cit.) have recently described the preparation of chromium dioxide 
by adding a 5% solution of chromic acid to chromic hydroxide and drying the product at 
200°. The magnetic susceptibility of this oxide is claimed to be in agreement with the 
formula CrO,. Since, as we shall show in a later paper, none of the oxides of the transition 
metals has a magnetic susceptibility which is in agreement with theory, we decided to 
repeat this work. Accordingly, we prepared the oxide by the same method and dried it 
at 200° in an electric furnace. When heated in the usual manner, this oxide-decomposed 
at about 300°, and the volume of oxygen liberated corresponded to a formula of CrO,.75 
for the original oxide. This is within the non-stoicheiometric oxide range (Cr,O,) obtained 
in the chromic anhydride decomposition curve. 

As a result of the work described above, it would appear that, apart from chromic 
anhydride and chromic oxide, only two other oxides of chromium can be substantiated, 
viz.: (1) An oxide of formula varying between CrO,., and CrO,.., formed by decomposition 
of the other non-stoicheiometric oxide CrO,.,, by the decomposition of chromyl chloride, 
and by the action of chromic acid on chromic dioxide. As generally prepared, this oxide 
decomposes between 400° and 450°, but this temperature may vary considerably according 
to the method of preparation, and the variation is ascribed to the different particle size and 
other physical factors. (2) An oxide with formula ranging from CrO,., to CrO,,; this 
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is the -first decomposition product of chromic anhydride and can also be formed by the 
action of oxygen on heated chromic hydroxide. It also possesses a somewhat variable 


decomposition temperature. 
EXPERIMENTAL. 


The purity and composition of the materials studied were always checked, and the com- 
position of the final decomposition product verified. Neglect to carry out the last precaution 
had led to erroneous conclusions (cf. p. 60). 

The apparatus used for the determination of the decomposition curves consisted of a silica 
tube sealed at one end and carrying a T-piece at the other. Another silica tube, also sealed at 
one end, was chosen of such a size that it just fitted inside the first tube. A weighed quantity 
of the oxide whose decomposition curve was to be plotted was placed inside the larger tube, 
in a small platinum boat. The smaller tube was then fitted inside the larger, and the end sealed 
with sealing wax. Thus a small chamber, leading to the T-piece by a very narrow capillary, 
was provided for the oxide. The T-piece was connected to a gas burette (enclosed in a thermo- 
stat), in which the gas evolved during the decomposition could be collected and measured. 

In order to determine the exact path of the decomposition of the oxides, a very large number 
of points were taken during each run; often there were as many as 15 points per 100° change 
in temperature. In some cases the establishment of equilibrium was very slow. In order to 
ensure that the system had attained equilibrium at a given temperature, readings were taken 
at definite time intervals until two or more consecutive readings were identical. In nearly 
every instance the curves were determined two or more times. There were normally slight 
variations between the different curves for a given decomposition, but the nature of these 
variations was such that they could not be attributed to experimental error. They consisted 
of slight variations in the temperature of decomposition and in the slope of the curves in the 
region of stability of non-stoicheiometric oxides. 
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10. Determination and Calculation of the Equilibrium Constants for 
Isotopic Hydrogen Exchange in the Systems n-Amyl Alcohol—Water 
and LEthylthiol—Water. Vapour Pressures and Raman Spectra of 
n-Amyl Deuteralcohol and Ethyldeuterothiol. 


By FRANK W. HoBDEN, EDITH F. JOHNSTON, LEONARD H. P. WELDON, 
and CHRISTOPHER L. WILSON. 


Determination of the equilibrium constants for protium—deuterium exchange in the 
gaseous systems 
n-C,H,,-OH + HOD = 2-C,;H,,-OD + HOH and 
C,H,;‘SH + HOD = C,H,‘SD + HOH 
has been made. The values obtained agree well with those calculated from a knowledge 
of certain energy data of the molecules concerned. 

In the course of the work the compounds u-C,H,,-OD and C,H,°SD have been pre- 
pared in a pure form, and their vapour pressures determined as differences from those 
of n-C,;H,,-OH and C,H;°SH respectively. Raman spectra of CH,-OH, CH,-OD, 
C,H,°SH, and C,H,‘SD have been investigated. ‘ 


DISTRIBUTION coefficients for protium—deuterium exchange usually differ from unity, 
because of the different binding energies of these two isotopes. For exchanges between 
simple molecules, as between hydrogen and the hydrogen halides (Wirtz, Physikal. Z., 
1936, 37, 165; Z. phystkal. Chem., 1936, B, 31, 309), or water and hydrogen sulphide 
(Small, Trans. Faraday Soc., ¥937, 38, 820), for which spectroscopic data give a fairly 
complete account of the energy states, the distribution coefficients can be calculated 
satisfactorily from energy data. 

The present work deals with polyatomic molecules containing characteristic atomic 
groups. We study the exchange reaction between u-amyl alcohol and water, 


C,H,,OH + HOD = C,H,,-OD + HOH 
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and between ethylthiol and water, 
C,H,"SH + HOD = C,H,SD + HOH 


using dilute (ca. 2%) deuterium water in each case. These particular examples of an 
alcohol and of a thiol were chosen because, after the establishment of equilibrium, they could 
be separated from the water without danger of disturbance to the equilibrium isotope dis- 
tribution (cf. Halford, Anderson, Bates, and Swisher, J. Amer. Chem. Soc., 1935, 57, 1663 ; 
Orr, Trans. Faraday Soc., 1936, 23, 1033). 

The reactants were shaken together at 25-0° until equilibrium was established, and each 
product was afterwards analysed for deuterium. It was then possible to calculate the 
equilibrium ratio for the liquid substances, K,; = [RD] [HOH]/[RH] [HOD],* where RH 
is either amyl alcohol or ethylthiol. To convert K, into an equilibrium constant for the 
gas phase (K,), it is necessary to evaluate the vapour pressures (at 25°) in the equation 
K, = K,(pxp’ uon/Pan’ buon): 

Riesenfeld and Chang (Z. phystkal. Chem., 1936, B, 38, 120; cf. also Topley and Eyring, 
J. Chem. Physics, 1934, 2, 217) quote vapour-pressure data for the isotopic water molecules, 
from which pyox/PHop = 1-074 at 25°. 

Although the vapour pressures of m-amyl alcohol and ethylthiol are known over a con- 
siderable temperature range, similar data are not available for the deuterated molecules, 
C;H,,OD and C,H,;‘SD. The latter were therefore prepared in a pure form, and their 
vapour pressures were determined as differences from those of the respective hydrogen 
analogues by using differential tensimeters. In each case the heavier molecule had the 
lower vapour pressure, the ratios at 25-0° being 0-855 for m-amyl alcohol and 0-911 for 


ethylthiol. 
TABLE I. 


Distribution of Deuterium Between Water and Various Substances. 


Ex- a. Ex- a. 
changing ee, changing 
group. Compound. Liquid. Gas. group. Compound. Liquid. 
Ethyl alcohol } ' Hexamminocobaltic nitrate * ca. 0-85 
n-Amy] alcohol 2 NH < Pyrrole * 12 0-88 
OH Benzyl alcohol * Phenacetin ° 0-89 
Phenol * # ° Acetone ® ca. 0-78 
Quinol > ; CH Nitromethane 1° 0-78 
Benzoic acid * ® . —_ Acetylene !4 0-90 
SH Hydrogen sulphide ? . : Pyrrole 0-7 
{ Fenyithiol s : . 

1 Orr, loc. cit. 2 This paper. 3’ Harada and Titani, Bull. Chem. Soc. Japan, 1935, 10, 554; 
1936, 11, 465. 4 Ingold, Raisin, and Wilson, J., 1936, 1637. 5 Brodskii, J. Physical Chem., 
U.S.S.R., 1937, 9, 755. * Erlenmeyer, Epprecht, Lobeck, and Gartner, Helv. Chim. Acta, 1936, 19, 
354. 7 Small, loc. cit.; the figure is calculated from that obtained at 15°, assuming the temperature 
coefficient calculated theoretically by this author. 8 Erlenmeyer and Gartner, Helv. Chim. Acta, 
1934, 17, 1009. ® Klar, Z. physikal. Chem., 1934, B, 26, 335; Halford, Anderson, Bates, and 
Swisher, loc. cit. 10 Reitz, Z. physikal. Chem., 1936, A, 1976, 363; Z. Elektrochem., 1936, 42, 582. 
11 Reyerson and Gillespie, J. Amer. Chem. Soc., 1935, 57, 2250; 1936, 58, 282. 12 Koizumi and 


Titani, Bull. Chem. Soc. Japan, 1937, 12, 107. 


Using these vapour pressure ratios, we find for amyl alcohol and water K, = 0-50, and 


for ethylthiol and water K, = 0-21. 
The isotopic distribution coefficients at ca. 25°, «, where 


« = (D/H)sabstance/ (D/H) water 


* In the derivation of [HOD] from the deuterium content of the water, allowance was made for the 
small amount of D,O present. For this purpose the constant [HOD]?/[D,O][H,O] was assumed to have 
a value of 3-0 at 25° (cf. Topley and Eyring, Joc. cit.; Jones and Sherman, J. Chem. Physics, 1937, 5, 


378). 
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which are to a close approximation double the equilibrium constants,* are given in Table I 
along with other data collected from the literature. The selection is intended for com- 
parison with calculated values given later. 

Owing to the absence of vapour-pressure data, figures for the gas phase are available in 
only three cases. Furthermore, in some examples uncertainty attaches to the temperature 
of experiment, although this is not far removed from 25°. Nevertheless, the approximate 
constancy of the distribution coefficient for any one characteristic group affords considerable 
support to the view that the distribution of deuterium is essentially a property of the bonds 
directly concerned in the exchange. 

Calculation of Equilibrium Constants.—Statistical-mechanical theory expresses our 
equilibrium constants by an equation of the type 


K = fro‘faou/fau'faop 
where the f’s denote the partition functions of the molecules. On the assumption that the 
partition function for a molecule can be represented as the product of translational, rota- 
tional, and vibrational parts, it can be shown that 


fao/fax = (Mpp/Mpx)*"(¢nx/¢xp)[(ABC)¥p/(ABC)yale (#80 — Fan) /B? 

(cf. Jones and Sherman, /oc. cit.; Urey and Grief, J. Amer. Chem. Soc., 1935, 57, 321), where 
m denotes the mass, A, B, and C the three principal moments of inertia, s the symmetry 
number, and E° the total zero-point energy of the molecule. The symmetry number (c): 
is equal to the number of orientations of the molecule which are physically indistinguishable ; 
for instance, ogy = Cap = Sgop = 1, cgoH = 2. The equation is approximate in that it 
assumes that the rotational energy is classical and that the vibrational is unexcited. 

Molecular zero-point energy (E®) can be estimated if all the fundamental vibration 
frequencies of the molecule are known. Unfortunately, for the majority of polyatomic 
molecules, tables of frequencies are usually incomplete, and hence the energy cannot be 
accurately calculated. However, for isotopic species the energy difference which has to 
be substituted in the above equation will depend mainly on those frequencies which are 
appreciably modified by isotopic substitution. On account of the small mass of a hydrogen 
atom, the vibrations of the latter are not strongly coupled with those of the rest of the 
molecule, so the change in zero-point energy can be reckoned approximately as the change 
in that part of the total molecular zero-point energy which depends on the vibrations of 
the protium and deuterium atoms. Bending as well as stretching vibrations should be 
taken into account, although the latter, because of their higher frequency, will make the 
greater contribution to the zero-point energy. However, we shall at first neglect bending 
because considerable doubt attaches to the magnitude of the corresponding frequencies in 
most of the organic molecules under consideration. 

Table II gives the constants calculated on the basis of the foregoing apprpximations, 


TABLE II. 


Approximate Calculation of Equilibrium Constants for Exchanges with Water. 
va (cm.—}), vp (cm.-!). AE® for the reaction (cals.). 2K (25°). 
3640 1 2650 ? . 1-14 
2566 3 1863 * 0-57 
3320 4 2425 2 , 0-91 
2938 ® 21115 0-77 
1 From infra-red data (see text). 2 Calculated from vg. * Data for ethylthiol (this paper). 
* Mean of figures for amines given by Kohlrausch (‘‘ Der Smekal-Raman-Effekt ’’). 5 Data for 
acetic acid (Angus, Leckie, and Wilson, Proc. Roy. Soc., 1936, A, 155, 188). 


i.e., on the assumption that the only contribution to zero-point energy comes from the 
hydrogen stretching motion. In addition, the small changes of mass and moment of 

* This is because water contains two replaceable hydrogen atoms whereas the organic molecules 
possess only one. A consideration of the expressions for the equilibrium constant and for the dis- 
tribution coefficient shows that the 2: 1 relationship would be strictly true only in the limit of zero 
deuterium concentration. In our experiments with 2% deuterium water the departure from 2: 1 is 
only 0-5%,. 
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inertia resulting from isotopic substitution have been ignored. It will be seen that, even 
on this basis, there is a fair measure of agreement with the experimental data of Table I. 

In the compilation of the table the following considerations dictated the choice of data. 
For water, the zero-point energy difference term has been derived from the almost pure 
stretching frequency at 3654 cm.! which suffers the largest modification on deuterium 
substitution, becoming 2720 cm.+ in HOD (Borst, Buswell, and Rodebush, J. Chem. 
Physics, 1938, 6,61). This modification corresponds with a zero-point energy difference of 
1329 cals. With regard to the OH bond in alcohols, the band at 3380 cm.—! was considered 
until quite recently to represent bond stretching. This frequency has been observed only 
for the lower aliphatic alcohols as liquids, a fact which is confirmed by its presence in our 
Raman spectra of the methyl alcohols and its absence from our data for the amy] alcohols. 
However, it has lately become evident from certain measurements of infra-red absorption 
(Errera and Mollet, Compt. rend., 1937, 204, 259; Buswell, Deitz, and Rodebush, J. Chem. 
Physics, 1937, 5, 501; Fox and Martin, Proc. Roy. Soc., 1937, A, 162, 419) that the band is 
characteristic of associated molecules. The frequency proper to single molecules is ob- 
served when dilute solutions or the vapours of alcohols are studied; it lies at 3640 cm.-}. 
The other frequencies quoted in the table have been taken from the literature, except for 
the OD and ND bonds, for which in the absence of experimental data, the necessary quan- 
tities have been computed from the values of vg, unchanged force constants being assumed. 
In the column headed 2K, the equilibrium constants have been doubled i in order to render 
them comparable with the distribution coefficients in Table I. 

We shall now attempt a more accurate theoretical evaluation of these distribution 
ratios in the two cases for which we have determined them by experiment. 

Consideration of the non-exponential factor in the expression for the equilibrium con- 
stant shows that, although for large organic molecules changes of mass and moment of 
inertia are of no importance, yet they become important for light molecules such as water. 
Taking the known moments of inertia for this molecule (Mecke et al., Z. Phystk, 1933, 81, 
313, 445, 465; Herzberg, ibid., 1937, 107, 549) and allowing for translation, we find a 
factor 0-55. 

We have further to consider the neglected contributions to the zero-point energy. For 
the water molecules the total molecular zero-point energy is known, since all three funda- 
mental frequencies have been measured. The total frequency shift (Av) on passing from 
HOH (Plyler and Sleator, Physical Rev., 1931, 37, 1493; Mecke et al., loc. cit.; Bender, 
Physical Rev., 1935, 47, 252; Borst, Buswell, and Rodebush, /oc. cit.) to HOD (Bartholomé 
and Clusius, Z. Elektrochem., 1934, 40, 530; Barker and Sleator, J. Chem. Physics, 1935, 
8, 660; Borst et al., loc. cit.) is computed to be 1110 + 30cm.. The effect of anharmoni- 
city is quite negligible (Forster, Z. physikal. Chem., 1934, B, 27, 1). 

Three of the normal modes of vibration in alcohols and thiols should be associated 
particularly with the motion of the replaceable hydrogen, and we have already considered 
one, viz., bond stretching. A second frequency should approximate to a bending motion, 
and should be of considerably lower frequency. It is unfortunate that no reliable data for 
this frequency exist for the amyl alcohols. We tried to make good this deficiency but 
found the spectra were too confused. We have therefore been obliged to take the data 
from the methyl alcohols, CH,-OH and CH,°OD, and to assume that the important fre- 
quencies would occur unchanged in the amyl alcohols. We have therefore studied the 
Raman spectra of CH,-OH and CH,-OD. The only line in these spectra which we can 
assign to the bending motion referred to above is at 1112 cm.~ in light methyl alcohol 
and 952 cm.“! in the heavy compound. The allocation is tentative, but has also been 
suggested by other workers (Mizushima, Morino, and Okamoto, Bull. Chem. Soc.. Japan, 
1936, 11, 698; Halford, Anderson, and Kissin, J. Chem. Physics, 1937, 5, 927). It may 
be, however, that the frequency is characteristic of associated molecules, and is subject 
to some modification in the isolated molecule. 

Raman spectra of ethyl-thiol and -deuterothiol have likewise been investigated. An 
inspection of these spectra shows that the only frequency which might represent hydrogen 
bending is at 507 cm.“ in the deutero-compound. However, there is no corresponding 
line in the light thiol, but it may be obscured by the strong line at 661 cm."', which is 
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usually attributed to a vibration of the C-S bond (cf. Donzelot and Chaix, Comft. rend., 
1936, 202, 851). 

With one probable exception, considered below, the remaining frequencies of the 
molecules undergo but a minor modification on isotopic substitution. However, the sum 
of such shifts is quite appreciable and therefore must be taken into account. Accepting 
our data for the thiols, supplemented by those of Bartholomé and Sachsse (Z. physikal. 
Chem., 1935, B, 30, 40) for the methyl alcohols, we can construct the following table showing 
how the various contributions to the zero-point energy difference arise. 

Frequency modification (AZy, cm.~). 





Methy] alcohol. Ethylthiol. 


Hydrogen stretching 990 703 
“ bending 160 ~154 
Other frequencies 55 48 


1205 905 


The exception to which reference was made in the foregoing paragraph corresponds 
with the third degree of freedom of the replaceable hydrogen atom. This may constitute 
either a low-frequency torsional oscillation (libration) or a free, or almost free, internal 
rotation (cf. Bartholomé and Sachsse, loc. cit.). In either case the effect on the equilibrium 
constant will appear as a non-exponential factor of approximately »/2. Even if the motion 
is of the nature of a restricted rotation (Teller and Weigert, Nach. Ges. Wiss. Géttingen, 
1933, 218), it is reasonable to assume that the contribution will not vary appreciably. 

Finally, the revised values of the equilibrium constants are: 0-5 x 0:55 x V2 x 1-26 


= 0-49 for amyl alcohol, and 0-5 x 0-55 x -/2 x 0-61 = 0-24 for ethylthiol. In each 
case the four factors represent symmetry, translation and rotation, internal rotation, and 
vibration, respectively. Uncertainty in the frequency values introduces a possible error 
of about 0-04 in the equilibrium constants; nevertheless, agreement with experiment (0-50 
and 0-21) is quite satisfactory.* 

EXPERIMENTAL. 

Exchange with n-Amyl Alcohol.—Dry and purified n-amyl alcohol (B.D.H.) was shaken at 
25-0° with water containing about 2% of deuterium. Supplementary experiments showed that 
equilibrium was attained within 3 hours. The two layers were then separated. The alcohol, 
after thorough drying over freshly ignited potassium carbonate, was burnt, and the deuterium 
content of the combustion water determined by density measurement (Wilson, J., 1936, 1552). 
The water was passed over red-hot copper oxide and purified by vacuum distillation. The 
density was then determined, and due allowance was made for the hydrogen introduced by the 
dissolved alcohol (solubility : 2-7 g./100 g. of solution) in deriving the deuterium content of the 
water phase at equilibrium. 

Results of five experiments are given below. The last row of figures refers to an experiment 
carried out by starting with light water and partially heavy alcohol. The latter was prepared 
by shaking amyl] alcohol (75 c.c.) and heavy water (20% of deuterium, 3-6 c.c.) for 3 hours. 
The alcohol was dried with potassium carbonate and distilled. 


Exchange of Deuterium between n-A myl alcohol and Water at 25°. 


Reactants (g.-mols.). Time of D(atom %) in combustion water from 
i . . shaking - oa ye [AmOD] HOH] | 
Water. Alcohol. (hrs.). water layer.t alcohol. 1 [AmOH] HOD] 
1-667 0-28 4 1-833 0-1710 0-564 
1-667 0-28 24 1-844 0-1652 0-540 
1-667 0-28 24 1-845 0-1640 0-537 
1-030 0-64 3 1-498 0-1360 0-540 
0-545 0-22 6 1-440 0-1318 0-553 
Mean 0-547 








+ After allowing for the dissolved alcohol. 


* (Note added in proof.) Since the above was written an excellent paper dealing with the exchange 
between methyl alcohol and water has appeared (Halford and Pecherer, J. Chem. Physics, 1938, 6, 571). 
Accurate frequency data based on infra-red absorption measurements are quoted (cf. Borden and Barker, 
ibid., p. 553; Barker and Bosschieter, bid., p. 563) and it is suggested that the third degree of freedom 
within the hydroxyl group is represented by a low-frequency torsional vibration. 

F 
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n-A myl Deuteralcohol, C,H, ,-OD.—Complete replacement of the light hydrogenin amy] alcohol 
was carried out by successive equilibration with pure deuterium oxide. After being shaken, the 
reactants were cooled to — 10° in order to decrease the mutual solubilities to a minimum and 
also to freeze the aqueous layer. It was then possible to transfer the upper, alcoholic layer 
without contact with the atmosphere into a second bulb containing fresh deuterium oxide. 
Treatment with four successive portions (each 3 equivs. of replaceable hydrogen) of water 
containing 99-6% of deuterium was followed by two equilibrations with water containing 99-95% 
of deuterium. Finally, the alcohol was dried over strongly ignited potassium carbonate fol- 
lowed by aluminium amalgam. 

The optimum drying procedure was chosen as a result of trial experiments in which the water 
content of test samples of light alcohol was followed by density measurement (for information 
on the desiccation process see Brunel, Crenshaw, and Tobin, ]. Amer. Chem. Soc., 1921, 43, 561). 
n-Amy]l deuteralcohol was distilled in a vacuum and analysed for deuterium (Found : C,H,,-OD, 
99-9%). 

Comparison Of the Vapour Pressures of the n-Amyl Alcohols.—Determination of the difference 
in vapour pressure between the light and the heavy form of n-amyl alcohol was made by using 
a simple U-tube differential tensimeter containing mercury as indicating liquid (cf. Wilson, J., 
1935, 494). From the results, given below, it may be deduced that p,,op/Pamon = 0°855 at 25°. 


30° «40° = 60s 80°—s«di00®——«*d:2®—s«dDO®-—s«d'BO®=——«140° 
Pamon — Pamop (mm. Hg)... 06 O07 15 41 80 136 181 222 32:7 38-2 
Pamou* (mm. Hg) 4:13 55 106 34-1 95-1 233-1 350-3 5123 7308 — 


* International Critical Tables, Vol. III, p. 220. 


Methyl Deuteralcohol (cf. Redlich and Pordes, Sitzungsber. Akad. Wiss. Wien, 1936, 145, 67; 
Bartholomé and Sachsse, Joc. cit.).—-Magnesium was dissolved in absolute methyl alcohol, and 
the magnesium methoxide produced was dried in a vacuum at 100°. Less than 1 equiv. of 
deuterium oxide (99-95% of deuterium) was then added, and after the mixture had been kept 
and shaken for some time the methyl deuteralcohol was removed by warming to 60° in a vacuum. 
Analysis showed that the material contained 99-2% of CH,OD. 

Raman Spectra of the Methyl Alcohols.—A Hilger E 3 spectrograph was employed having a 
dispersion of about 20 a. per mm. The frequencies observed are listed below; the figures in 
parentheses are relative intensities. 


CH,°OH : 3376(2b), 3128(1), 2948(9), 2833(9), 1850(5), 1458(3), 1112(1), 1031(5). 

CH,-OD: 2946(9), 2837(9), 2568(2b), 2216(2), 1853(4), 1452(4), 1032(5), 952(1) (cf. Wagner, 
Z. physikal. Chem., 1938, B, 40, 50; Redlich and Pordes, loc. cit.; Mizushima, Morino, and 
Okamoto, loc. cit.; Halford, Anderson, and Kissin, loc. cit.). 


Exchange with Ethylthiol—The procedure was similar to that employed for amyl alcohol. 
Equilibrium was attained within ten hours. The thiol layer was dried with potassium carbonate 
and for the combustion the first foot of the copper oxide filling in the hot tube was replaced by 
granular lead chromate wrapped in copper gauze. Ethylthiol has a solubility in water at 25° 


of 1-3 g./100 g. of solution. 
The results are given in the table below: the last experiment was carried out with light 


water and partly deuterated thiol. 
Exchange of Deuterium between Ethylthiol and Water at 25°. 


Reactants (g.-mols.). Time of D(atom %) in combustion water from 

r A s shaking ‘a a . K 

Water. Thiol. (hrs.). water layer.* thiol. : 

1-41 0-48 72 1-715 0-1236 0-215 

1-98 0-48 18 1-790 0-1291 0-215 

1-73 0-28 24 0-836 0-0596 0-214 
Mean 0-215 


__ [EtSD][HOH] 
~ [EtSH][HOD]° 








* After allowance for the dissolved thiol. 


Ethyldeuterothiol, C§H,"SD.—Sodium (3 g.) and dry ethylthiol (20 c.c.) gave the sodium deriva- 
tive, which was treated with excess deuterium oxide and dry carbon dioxide. Ethyldeutero- 
thiol was caught in a trap immersed in carbon dioxide—acetone, dried over potassium carbonate, 
and distilled in a vacuum. Analysis showed that the material contained 93-0% of C,H,-SD, 
the rest being C,H;‘SH. However, for the purpose in hand the thiol was sufficiently pure. 
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Comparison of the Vapour Pressures of the Ethylthiols —The measurements were carried out 
with the 93% material (above). The technique has already been described. 
10° 20° 25° 30° 40° 
prise — Peisp (mm. Hg) . 30-2 39-2 43-8 49-2 61-0 
Pusu* (mm. Hg) — -- 540 — — 
* Interpolated from data given by Berthoud and Brum, J. Chim. physique, 1924, 21, 143. 


A linear relation being assumed between the vapour-pressure difference and deuterium 


content, it follows that at 25° for isotopically pure compounds, Pgisp/Peisn = 0-911. 
Raman Spectra of the Ethylthiols —The Raman measurements were made as before. The 


results were : 
C,H,°SH : 2965(4), 2931(9), 2872(3), [2751(3)], 2566(9), 1444(6), 1272(3), 1063(2), 982(2), 661(8). 
C,H,‘SD: (93% pure): 2971(5), 2928(10), 2861(5), 2573(3), 1863(8), 1441(6), 1248(5), 1057(2), 
968(2), 668(6), 507(2). 

The frequency at 2573 cm.-! in the deutero-compound is due to the thiol present. The 
results for the latter agree with those of Venkateswaran (Indian J. Physics, 1930, 5, 219). 
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11. Studies in Grapiite Formation. Part III. An X-Ray Study 
of the Carbonisation of (a) Cellulose and (b) Bituminous Coal. 


By H. E. Biaypen, H. L. Ritey, and A. TAYLor. 


The dimensions of the graphite crystallites in cokes prepared under different 
conditions over the temperature range 400—1300° from (a) cellulose and (b) coal 
have been determined from Debye-Scherrer powder photographs. As the temper- 
ature increases, the crystallites show a relatively rapid growth along the a axis up to 
700°, above which the growth is much slower. In each case the c dimension remains 
constant over the range of carbonising temperature studied. The c spacing is 
apparently dependent upon the number of layer planes in the individual crystallites, 
increasing as this number decreases. An attempt has been made to determine the 
relationship between the number of unsaturated border atoms of the hexagon planes 
in the crystallites and the disordered organic matter. The results indicate that when 
the carbonisation temperature reaches 600—700°, the amount of disordered organic 
matter is insufficient fully to satisfy the valency requirements of the border carbon 
atoms. This fact explains the abrupt changes which occur in the properties of cokes 
prepared at this carbonisation temperature. 


THE choice of cellulose as the starting material for these investigations was determined 
by the following considerations. (a) The molecular structure of cellulose is known (Meyer 
and Mark, Z. physikal. Chem., 1929, B, 2, 115; Cross and Clark, Z. Krist., 1938, 99, 357). 
(6) It can readily be obtained in a relatively high state of purity in the form of ashless 
filter-paper. (c) It gives reasonably good yields of carbonaceous residue on pyrolysis. 
(d) This pyrolysis has been studied in detail by Smith and Howard (J. Amer. Chem. Soc., 
1937, 59, 234). (e) The carbonisation process is essentially one of aromatic condensation 
(Riley, Gas World, 1937, Coking Section, 25, 118), and a starting material devoid of 
aromatic structure possesses certain advantages. 

The mechanism of the carbonisation process has been pictured by Hofmann (Ber., 
1932, B, 65, 1821) as follows: In the initial stages, highly condensed aromatic molecules 
are formed which arrange themselves in a graphite-like layered structure. As the 
temperature rises, graphite nuclei are formed surrounded by chemically bound complex 
hydrocarbon rings and chains. These can neither be extracted by solvents nor removed 
in high vacuum at 500°, and it is therefore inferred that they are chemically bound round 
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the borders of the hexagon planes of the graphite nuclei. As coking proceeds, they 
decompose, some of the carbon atoms being: lost in the form of volatile compounds, the 
remainder attaching themselves to the edges of the hexagon planes, so causing the lateral 
growth of the graphite crystallites. 

The above picture is only qualitative, and the object of the present investigation was 
to make it quantitative, to determine the laws which govern crystallite growth during 
carbonisation, and if possible, to learn something more of the nature of the disordered 
carbon, hydrogen, and oxygen atoms present in the cokes. 

Samples of carbon were prepared from (a) pure cellulose (Whatman’s filter paper : 
ashless, hydrochloric and hydrofluoric acid extracted), (6) a Northumberland coal, by 
carbonising it in nitrogen under precisely controlled conditions to a predetermined 
temperature. The percentage yield of carbonaceous residue, which was carefully analysed, 
was determined in each experiment. An X-ray powder photograph of the residue was 
also taken, from which the dimensions of the crystallites were determined. 

The broadening of the X-ray diffraction lines by crystals smaller than 10 cm. has 
been investigated by a number of workers. Scherrer (Zsigmondy, ‘‘ Kolloidchemie,” 3rd 
Edn., 1920, 387), Seljakow (Z. Physik, 1925, 31, 439), Bragg (‘‘ The Crystalline State,” 
Bell & Sons, Ltd., 1933, Vol. 1, 189), and Warren (Z. Krist., 1938, 99, 448) have derived a 
formula connecting the diffraction broadening for cubic crystals of cubic form. Von 
Laue (ibid., 1926, 64, 115) derived a formula covering the general case of crystals of 
parallelepipedal form belonging to any crystal system, 7.e., of a crystal of edge lengths 
M141, MoAy, M343, Where the m’s are numbers and the vectors a define the unit cell. 

When orthorhombic or hexagonal crystals referred to orthohexagonal axes are con- 
sidered von Laue’s formula simplifies to 


B=Cajecosey. . . 1... ... 


where ¢« = VV X(h;/a;)?/2(A;/ma,”)?, 8 is the pure diffraction broadening from a point 
specimen, A is the wave-length of the X-radiation, 4x = 9, the Bragg angle at which the 
maximum falls, and h, = hy, hg, or hg, the indices of reflexion. When the 4,00, 0/,0, 
00h, reflexions in turn are considered, (1) simplifies further to 


ee a 


from which we can compute directly m,a,, the crystallite dimension in the direction of a. 

This equation is of exactly the same form as that obtained by Scherrer for crystals of 
cubic form and cubic symmetry. The investigators differ as to the value of C, which has 
been quoted as 0-94 (Scherrer), 0-92 (Seljakow), 0-89 (Bragg), and 0-94 or 0-89 by Warren, 
according to the method of calculation. Von Laue gives the values 0-5 or 0-92, but after 
correction of errors in his calculation, the possible values become 1-0 or 1-46. Jones 
(Proc. Roy. Soc., 1938, A, 166, 16) has recalculated the value of C = 1-0, a value which is 
used in this paper. 

The determination of 8 presents some difficulty. The experimental conditions are 
such that the size of the focal spot, the position of the camera with respect to the target, 
the size of the cylindrical Debye-Scherrer camera, the radius of the specimen and its absorp- 
tive factor for X-rays, the dimensions of the slit system, and the characteristics of the 
film and the microphotometer used all play their parts in determining the shape of the 
observed spectrum lines. Cameron and Patterson (American Society for Testing Materials, 
Symposium on Radiography and X-Ray Diffraction, 1937) and Randall (“‘ The Diffraction 
of X-Rays and Electrons by Amorphous Solids, Liquids and Gases,’’ Chapman and Hall, 
Ltd., 1934) review the efforts made by different workers to overcome these difficulties. 

Scherrer (loc. cit.) considered the case of a finite cylindrical specimen of diameter 3, 
situated at the centre of a cylindrical Debye—Scherrer camera, irradiated by a mono- 
chromatic, parallel beam of X-rays. He obtained the observed breadth B by measuring 
directly across the photometer curve of the spectrum line at a position of half the 
maximum intensity. The diffraction broadening is then given by 


a jet eo a ae ee 
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and 6 is considered constant at all angles. Haley and Terrey (Trans. Faraday Soc., 1936, 
32, 1313) showed that in certain cases this assumption could give negative values for the 
particle sizes of colloidal gold. They then used Brill’s first modification of von Laue’s 
theory (Randall, Rooksby, and Cooper, Z. Krist., 1930, 79, 196), correcting the experi- 
mentally observed line widths by calculation. 

Jones (loc. cit.) has adopted a mixture method which enables the particle-size deter- 
minations to be made by using a standard cylindrical camera with a reasonable slit 
system and specimen. The method adopted is as follows. A suitable powder consisting 
of large particles, considered infinitely big, is mixed with the substance to be investigated. 
The Debye-Scherrer photograph then reveals the sharp lines from the large crystallites 
and the diffuse bands from the material under investigation. Both sets of lines have in 
this manner been obtained under exactly the same conditions. From the set of sharp 
lines it is possible to interpolate the widths 5 of lines produced by infinitely large 
particles at the position of the peaks of the diffuse lines. Jones then develops a graphical 
method of determining from the observed widths B of the diffuse lines their true 
diffraction broadening 8. For this purpose, a curve connecting the ratios 8/B and b/B 
is plotted by making various assumptions as to the nature of the diffraction broadening 
and the observed shape of the unbroadened lines. From the experimental data, 0/B is 
readily found, and hence 8, the true diffraction broadening. 

Von Laue defines the line width as 8 = {J(x)dy/ZJ(max.), where I is the intensity of the 
line at the angle x. The line shape is influenced by a number of factors, among which 
the particle-size distribution must play an important part. The larger particles sharpen 
the peak, and the smaller ones broaden the line base. The Scherrer definition (see above) 
of line breadth tends to favour the large particles, and the Laue definition is to be 
regarded as giving a truer mean size. Using von Laue’s definition of line width, Jones 
points out that if the Scherrer correction formula 8 = B — 6 is used, the errors will be 
small enough to be neglected in regions where 6/B tends to unity (small crystallite sizes) 
but considerable when 6/B tends to unity. 

The mixture method can only be used in special cases. It is particularly suitable 
when the sharp lines of the standardising substance are clear from the diffuse lines 
produced by the crystallites under investigation. Favourable cases are thus most likely 
to be found among cubic crystals where the intervals between the lines are fairly regular 
and where the lattice parameter is small. Perhaps the most favourable case is that of 
copper-gold alloys (Jones and Sykes, Proc. Roy. Soc., 1938, A, 166, 376). Here we have 
a set of superlattice lines of variable breadths spaced regularly between the sharp 
reflexions produced by the principal lattice. As the regions of order grow, so do the 
superlattice lines decrease in width, and the growth and extent of the nuclei where order 
exists can be computed. 

“Amorphous carbons” and graphites do not present so favourable a case. The 
crystal symmetry is hexagonal and the lines fall in awkward positions, so that it is very 
difficult to use the mixture method. However, a compromise has been reached, where, 
by carefully standardising the conditions, the best features of Jones’s method have been 
realised. Instead of interpolating to determine the value of } for an unbroadened line at 
the positions of the maximum of one of the diffuse bands from small crystallite carbon, 
it has been possible to measure this value directly, because the peaks from macrocrystalline 
carbon (considered as of infinite size) fall almost exactly in the positions of the band 
maximum from the so-called ‘“‘ amorphous carbons ’’’; 6 was measured for each sharp line 
in turn, and formula (3) used to obtain 8, the true diffraction broadening for the bands 
which fell in the same place. Thus, variations in 6 (not assumed to be constant) were 
automatically eliminated, and fairly accurate values of 8 in the regions for 8/B ~ 1 were 
thus obtained. 

The photographs from which the particle sizes were computed were all taken in a 9-0-cm. 
diameter standard Debye—Scherrer powder camera of the Bradley type, cobalt-K, radiation 
from a Metro-Vickers X-ray tube being used. All specimens were made from carbons sieved 
through wire gauze (350 meshes to the linear inch). The sieved material was mixed with a 
small amount of very dilute glue solution. A thick-walled glass capillary tube of 4 mm. bore 
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was filled with the damp powder, which was then compressed and pushed out of the tube as 
a cylindrical rod about 1 cm. long. The rod was carefully dried in an oven at about 80° for 
10 minutes, and accurately centred in the camera. The very small crystallites present made 
it unnecessary to rotate the specimen, the slightest wobble with its consequent line broadening 
thus being prevented. 

All the photographs were taken under exactly the same conditions, and because of the very 
low absorption coefficient of carbon for cobalt-K, radiation, the variation from specimen to 
specimen was insignificant. It was therefore possible to use a specimen of pure graphite as 
the standardising material. 

A number of very pure graphites were photographed in a large camera, 19 cm. in diameter, 
and a sample selected which gave a very sharp resolution in the high-order reflexions. Jones 
(loc. cit.) points out that for the large crystallites a large camera and long wave-length are to 
be preferred. A photograph of the same graphite specimen was then taken in the 9-cm. 
camera, and the line widths computed by the Laue method described above. As far as 
possible the exposure times and development were controlled so that the intensities of the 
lines were on the linear portion of the film density—X-ray intensity curve. Calibration steps 
were photographed on all films so that any deviation from linearity could be corrected. The 
films were carefully microphotometered by means of a manual instrument of our own con- 
struction at intervals of 0-2 mm. (0-1 mm. in the special case of the pure large crystalline 
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graphite). The readings so obtained were plotted on a large scale, 2-0 cm. of graph corre- 
sponding to 1 mm. of film. The curves were redrawn on to a flat background, and from these 
the values of B for the various lines were computed by the Laue method. 

The value of 6 from the sharp lines was found to be the same for the 0002 and the 1010 
reflexions. These were the only reflexions of immediate concern for the very small crystallites 
under investigation. It. was found that only the 0002, 0004, 1010, and 1130 reflexions were 
present. In all cases the 1120 reflexion was too weak to be of use in the crystallite size 
determination. The 1011 reflexion which normally lies adjacent to the 1010 was absent. This 
can be explained by the irregular arrangement of the net planes relative to each other. Each 
net plane therefore contributes independently to the 1010 reflexion, which can be considered 
as a cross grating line. This is in accord with the ideas of Lowry and Bozorth (J. Physical 
Chem., 1928, 32, 1524), Arnfelt (Arkiv Mat. Asir. Fys., 1932, 23, B, 1), and Berl, Andress, 
Reinhardt, and Herbert (Z. physikal. Chem., 1932, A, 158, 273), and of Hofmann and Wilm 
(Z. Elektrochem., 1936, 42, 504) for graphitic oxide and various carbons of small crystalline 
dimensions. 

The 0004 reflexion contributes to the “tail ’’ of the broadened 1010 line. To separate 
these lines in order to get a value of B for the 1010 reflexion, the exact position and intensity 
of the 0004 reflexion were computed, and the line width of the 0004 adjusted to give the same 
crystallite size as the 0002. The computed 0004 line was then subtracted from the original 
photometer contour to give the true line shape of the 1010 reflexion (see Fig. 1). The indices 
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TABLE I. 


Analyses, Crystallite Dimensions, and Parameters of Cokes Prepared from Cellulose 
at 200—1300°. 


Carbonising rate, 5°/min.; radius of camera, 45-1 mm.; radius of specimen, 0-25 mm.; half peak width, b, 
0002 and 1010, 1-25 mm.; radiation : Co-Ka. 
cc Inter- 

Lattice A layer- @ Axis. c Axis. Crystallite 
Analyses, %.* Yield, parameter, A. * plane ——, ——. dimensions, a. 

— FTF lhl —— dist. Line Line —_—_ 

O (dry a c 3 =c/2, width width, 

C. H. (diff.). basis). axis. A 1/8. B,mm. 1/8. 

44-01 49-73 98:93 — 

78-45 17-49 3262 — 
85-60 10-8 27-25 2-40 
93-34 3-88 24:30 2-37 
95-59 2-45 22-58 2-36 
95-86 2-41 21-89 2-38 
97-26 167 2210 — 
97-37 1-88 21-46 2-38 
97-45 1-79 21-99 2-38 
1-16 20-90 2-37 
0-42 20-90 2-38 


ry 
ay 
” 
) 
lo) 
wn 


0-1143 } 0-1190 

1-38, ° 0-1325 0-1316 
1:36, 3-67 ” 0-1818 ; 0-1361 
1-36, 3-68 . 0-2105 } 0-1258 
1:37, 3-68 0-2203 ° 0-1307 
_— —_ . 0-2229 ° 0-1333 
1:37, 3-68 ‘ 0-2439 0-1333 
1:37, 3-68 . 0-2404 s 0-1316 
1-36, 3-68 0-2469 7- 0-1493 
1:37, 3-70 0-2564 , 0-1361 


* On dry, ash-free basis. 
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TABLE IT. 


Analyses, Crystallite Dimensions, and Parameters of Cokes Prepared from 
Northumberland Coal C. 518 at 400—1300°. 
Carbonising rate: 250—650°, 2°/min.; 650—900°, 5°/min. 
Inter- 
Lattice 


parameter, A. 
Ultimate analyses, %.* poeaneca 


Cc. ° N. 
82-80 P 2-05 
83-30 ° 1-82 
85-90 4 2-22 
89-50 ‘60 2-02 
90-70 . 2-16 
91-00 2-24 
93-70 . 2-08 
94-14 . 1-67 
95-10 “ 1-50 
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* On dry, ash-free basis. 


TABLE III. 


Effect of Varying Carbonising Rate upon Composition and Crystallite Dimensions 
of Cellulose Cokes. 


a Axis. 
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Analyses, %.* Line 
ema ~ width, Cryst. 
H. O (diff... 3B, mm. 1/p. size, A. 


Rapid carbonisation. 





15-73 —_ — — 
13-52 8-32 0-1414 11-5 
8-93 8-18 0-1443 11-8 
5°85 7:27 0-1661 13-8 
4-24 6-68 0-1842 15-6 
3-73 — — 
2-67 5-78 0-2208 18-1 
2-36 5-53 0-2340 19-3 
1-14 — —_ — 
0-92 5-32 0-2463 20-3 
Rapid carbonisation + 5 hours’ soaking. 
4-66 7-20 0-1681 14-0 
2-29 5-48 0-2364 19-5 
0-56 — —_— — 
0-36 5-13 0-2571 21-2 
* On dry, ash-free basis. 
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were converted from hexagonal into orthohexagonal indices, and by using equation (2), the 
crystallite dimensions in the direction of a, b, and c of the orthohexagonal cell were computed. 
Since only the 1010 reflexion (200, 100 orthohexagonal) could be used, the value obtained for 
the dimension in the direction of the basal planes is a mean value of the a and the b dimensions. 
The crystallites can thus be represented as cylinders, the layer planes of the graphite lattice 
lying parallel to the cylinder base. 

The results of the X-ray examination and the chemical analyses of the cellulose cokes are 
shown in Table I. A similar series of results obtained by using a Northumberland coal as the 
starting material are given in Table II, and the results obtained with different carbonising 
rates are shown in Table III. 

The variation of the a dimension of the crystallites with carbonising temperature is shown 
in Fig. 2. 
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DISCUSSION. 


One of the most interesting features of the results is that the a dimension of the 
crystallites shows a continuous growth as the carbonisation temperature increases from 
400° to 1300°, whilst the c dimension remains practically constant. This means that, 
whereas the individual hexagon layer planes show a lateral growth during carbonisation, 
the average number of layer planes in the individual crystallites remains constant. 
Drastic alterations of the carbonising conditions with respect to the maximum temperature 
and the variation between wide limits of the rate of heating to that temperature make no 
difference to the c dimension. Apparently, the average number of layer planes in the 
crystallites is determined by the nature of the starting material, for whereas the cellulose 
carbon crystallites contain approximately 4 layer planes, the Northumberland coal gives 
crystallites with an average of approximately 5 planes. This phenomenon is being 
further investigated. 

The change in the c spacing with the number of layer planes in the crystallites is also 
of interest, and confirms Randall’s observations (loc. cit.). The layer-plane spacing c/2 
in the cellulose carbon crystallites which possess 4 layer planes is 3-68 A. (see Table I), 
whereas in the crystallites of the Northumberland coal cokes, which have 5 layer planes, 
this has decreased to 3-53 A. Some careful measurements on Ceylon graphite, the crystals 
of which contain a large number of layer planes, gave a value for c/2 of 33498 a. A 
19-cm. camera and chromium-K, radiation were used for these measurements (cf. Hofmann 
and Wilm, /oc. cit.). 

The interatomic distance of the carbon atoms in the layer planes is also of interest. 
Whereas in macrocrystalline graphite it has a value of 1-415 A., in the microcrystalline 
specimens under investigation it is 1-37, A. This value shows no detectable change during 
the lateral growth of the crystallites from approximately 9 to over 204. This result 
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indicates a more powerful bonding of the carbon atoms in microcrystalline graphite than 
in macrocrystalline graphite. This phenomenon is perhaps connected with the greater 
degeneracy of the larger hexagon planes in the latter. 

It is apparent from Fig. 2 that the lateral development of the hexagon layer planes 
during carbonisation is a relatively slow process. The values obtained for the a dimension 
of the cellulose carbons prepared by rapid carbonisation are appreciably smaller than 
those obtained for the carbons prepared by slower carbonisation. The a dimensions of 
the former carbons on being kept at the particular carbonising temperature gradually 
increase until they reach the dimensions of the latter. The final dimensions reached, 
therefore, appear to be limiting values. 

Another important feature of the results is the relatively rapid lateral growth of the 
crystallites up to a carbonising temperature of 700°, after which the growth is much 
slower. This result is of interest because it is at this temperature of 700° that so many 
abrupt changes occur in the physical and chemical properties of cokes (see “‘ The Solid 
Products of the Carbonisation of Coal,’”’ South Metropolitan Gas Co., 1934; Riley, Trans. 
Faraday Soc., 1938, 34, 1011). A difficulty in the way of the exact stoicheiometric inter- 
pretation of the X-ray results is that they represent average linear dimensions [(a-+- ) /2 
and c] of the crystallites present, and we do not therefore know the average shape of the 
crystallites. If it is assumed that the crystallites approximate to cylinders in shape, 
then the ratio of the number of unsaturated border carbon atoms relative to the total 
number of carbon atoms in a single layer plane will be a minimum. On the other hand, 
this ratio will be a maximum in a layer plane in which all the carbon atoms are border 
atoms. Free-energy considerations suggest that the former shape is more probable. 
There is, however, no means of determining to what extent the circular shape is favoured, 
and therefore for the purpose of this analysis it has been assumed that the actual average 
shape of an individual layer plane is the arithmetic mean of one in which the above ratio 
is a minimum and one in which it is a maximum. 

Let us picture the process of aromatic condensation occurring during carbonisation, 
starting at a number of nuclei, the individual layer planes gradually increasing in size 
until. a temperature of approximately 1300° is reached. Little volatile matter then 
remains in the carbon, and it is therefore highly probable that this process of growth, 
due to aromatic condensation, is practically complete at this temperature. The work of 
Ruff, Schmidt, and Olbrich (Z. anorg. Chem., 1925, 148, 313), Arndt and Pollack (ibid., 
1931, 201, 81), Wesselowski and Pertzow (7bid., 1934, 216, 228), Hofmann and Groll (Ber., 
1932, 65, 1257), and Hofmann and Wilm (loc. cit.) indicates that in carbon, crystallite 
growth as a result of thermal recrystallisation does not start below 1400°. The average 
maximum linear dimension of the layer planes of the cellulose carbon crystallites reached 
as a result of aromatic condensation will therefore be about 21 a. It is possible on this 
basis to calculate approximately the amount of excess carbon, hydrogen, and oxygen 
associated with individual unsaturated border carbon atoms in the form of disordered 
unsaturated rings and chains in the various cokes. This calculation is given in detail 
for the 1300° and 400° cellulose cokes. 

(i) 1300° Coke. (a) Crystallites assumed cylindrical. 

Diameter of layer plane = 21 A. 

Area of layer plane = rr? = 346 a?. 

No. of hexagon rings in a single layer plane = 346/4-87 = 71 

No. of carbon atoms = 173 

No. of unsaturated border carbon atoms = 33 

(b) Crystallites assumed parallelepipedal. 

(a + b)/2 = 214.; a= 2-74A4., therefore ) = 39-36 A. 

No. of hexagon rings in a single layer plane = 17 

No. of carbon atoms = 70 

No. of unsaturated border carbon atoms = 38 

Taking the arithmetic mean of the above numbers we obtain for an average single 
layer plane : 

No. of hexagon rings = 44 
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No. of carbon atoms = 122 

No. of unsaturated border carbon atoms = 36 

The residue at 1300° represents 20% by weight of the original cellulose. Therefore 
122 x 12 x 5 = 7320 g. of the original cellulose were concerned in the formation of a 
mole of the average layer plane in the 1300° crystallites. 

(ii) In a similar manner we can calculate from the X-ray data the average number of 
hexagon rings, carbon atoms, and unsaturated border carbon atoms in an average layer 
plane of the 400° crystallites. If the number of crystallites remains constant throughout 
the carbonisation, 7.e., if no coalescence of nuclei occurs, then 7320 g. of cellulose are 
concerned in the formation of one mole of an average single layer plane of the 400° 
crystallites. The carbonaceous residue at 400° is 32-62% of the original cellulose and 
contains 78-45% of carbon (Table I). Therefore the total number of carbon atoms 
(ordered and disordered) associated with an average layer plane must be 


7320 x 0-3262 x 0-7845/12 = 156 


The above calculation shows that the average number of ordered carbon atoms in the 
layer planes is 38 and the average number of unsaturated border atoms is 18. Therefore 
the average number of disordered carbon atoms associated with each unsaturated border 
carbon atom in the crystallites of the cokes prepared from cellulose at 400° must be 
(156 — 38)/18 = 6-6. 

In a similar manner it can be shown that the numbers of disordered hydrogen and 
oxygen atoms associated with each unsaturated border carbon atom are 5-4 and 1-45 


respectively. 
The results of similar calculations carried out for all the cellulose cokes are shown in 
Table IV. If an attempt is made to draw hypothetical structural formule of the layer 


TABLE IV. 


Cellulose carbons prepared at 5°/min. 


Average no. of Average no. of Average no. of un- Average no. of atoms bound to 
= of hexagons in Catomsin saturated border each unsaturated border C atom. 
coke single layer single layer C atoms in single cr - ~ 
formation. planes. planes. layer planes. oO. 
400° 11 38 18 1-45 
46 0-67 
72 0-17 
88 0-087 
94 0-080 
103 0-053 
112 0-054 
112 0-053 
116 0-031 


1300 122 0-011 
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planes together with the attached disordered rings and chains on the basis of these results 
and of the valency requirements of the disordered atoms, this can readily be done in the 
case of the 400° and 500° cokes. With the 700° coke the unsaturated border atoms can 
only be satisfied if a large and improbable number of triple bonds is assumed amongst 
the disordered carbon atoms. The possibility of chemical linkage between separate 
crystallites has been neglected. The picture obtained, however, suggests that in cokes 
prepared in the region of 700° there are border atoms with their valency requirements 
unsatisfied. As the carbonisation temperature increases, their number increases, until at 
1300°, of 36 unsaturated border atoms in an average layer plane only 5 are attached to 
hydrogen atoms. Although this interpretation of the X-ray results is largely speculative, 
the general picture obtained is not inconsistent with the changes which occur in other 
properties during carbonisation; e¢.g., the development of electrical conductivity at 
carbonisation temperatures of 600—700° suggests that electrons which have been 
employed in bonding the disordered atoms at the borders of the hexagon planes become 
free and confer upon carbon its metallic conductivity. The shrinkage and increase in 
mechanical strength which occur during carbonisation from approximately 650° upwards 
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(Riley, loc. cit.) suggest that at this temperature new forces come into play, possibly as . 
a result of the development of ‘a high degree of unsaturation at the borders of the 


hexagon planes. 


Preparation of Carbons.—The carbons employed were prepared by heating the carbonaceous 
material in an atmosphere of nitrogen. The material (5 g.), in a silica test-tube carrying a 
thermocouple, was placed in a thin-walled silica tube in an electric furnace. The latter was 
designed to facilitate temperature control and to ensure a zone of uniform temperature. It 
consisted of an alundum tube, 123” long, 1}” internal diameter, wound on the inside and the 
outside walls with Kanthal alloy resistance wire. The two windings could be employed 
separately or in conjunction. The furnace was lagged with suitably cut, porous fire brick, 
with an air space between the tube and the lagging. It could be rapidly heated to 1300— 
1350° (50—60 mins.) and maintained at this temperature for long periods without the use of 
a reducing atmosphere, with a consumption of about 1-5 kw. 

After passage of oxygen-free nitrogen through the apparatus for about 30 mins., the 
ceHulose or coal was dried in situ by heating for 30 mins. at 100—110°, after which the 
temperature was raised at 5°/min. to the desired final temperature. The residue was main- 
tained at this temperature for 10 mins., and the silica tube withdrawn from the furnace and 
allowed to cool. In the rapid carbonisations, the temperature was inereased at approximately 
25—-30°/min. and the tube and contents were then rapidly cooled by withdrawal from the 
furnace. The carbons obtained were ground in an agate mortar. The carbon and hydrogen 
determinations were carried out in duplicate on samples dried in nitrogen at 110—120°. 


The authors are indebted to the Metallurgy Research Board of the Department of Scientific 
and Industrial Research and to King’s College Research Committee for grants for the purchase 
of the X-ray apparatus, to the Research Council of the British Iron & Steel Federation for 
financial assistance, and to the Northern Coke Research Committee in whose laboratory this 
work has been carried out. 


NORTHERN COKE RESEARCH LABORATORY, KING’s COLLEGE (UNIVERSITY OF DURHAM), 
NEWCASTLE-UPON-T YNE. [Received, November 3rd, 1938.] 





12. Intermolecular Forces in Inquid Systems. Part I. The 
Physical Properties of the Alkyl Carbonates. 


By SypNEy T. BowpEN and Emit T. BUTLER. 


Although the organic carbonates are stable and easy to purify, the data relating to 
their physical properties are extremely meagre. We have now determined the 
ebullioscopic constant of methyl carbonate, and the density, refractive index, viscosity, 
surface tension, and parachor of the u- and the iso-Merivatives of the series. It is 
shown that these liquid carbonates have the non-polar structure in which the central 
carbon atom has a normal octet. From the standpoint of homology the series offers 
interesting features with respect to the boiling point, viscosity, and parachor relation- 
ships. 

The direct preparation of n-hexyl carbonate from sodium hexoxide and carbonyl 
chloride is described. 


THE anomaly in the b. p. of the first member of a homologous series is usually prominent 
when the substance contains two characteristic groups. This is exemplified in the b. p.’s 
of the glycols and the dicyano-derivatives of the paraffins. The esters of dibasic acids, 
however, show little evidence of such anomaly, and the b. p. rises progressively with the 
molecular weight as shown in Fig. 1. The carbonic esters, in particular, show a regular 
rise corresponding to the addition of each pair of methylene groups. From: the practically 
linear relationship which obtains in this series, it may be shown that the absolute b. p. (T°) 
of an alkyl carbonate of molecular weight M is given by T = 40-41M°*, 

Young (Phil. Mag., 1905, 9, 6) showed that the b. p. increment corresponding to the 
addition of CH, in a homologous series is a function of the absolute b. p., and for many 
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. series (alkyl halides, isoparaffins, ethers, etc.) may be expressed by the formula A = 
144-867°°1487, For esters, however, the calculated and the observed values are not in 
very good agreement, and for the alkyl carbonates the relation becomes A, = 250-57°1487, 
where A, is the increment corresponding to two methylene groups. Recently, Burnop 
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(J., 1938, 826) has shown that the empirical quantity M log,)>T + 8-0M, denoted by (0), is 
additive, and this is evident from the agreement between the observed and the calculated 
values for the normal esters of the mono- and di-carboxylic acids given in Table I. 


TABLE I. 
Formate. Carbonate. Oxalate. 








(b), obs. (b), calc. (b), obs. (b), calc. (b), obs. (b), calc. 
211-1 208-1 306-3 304-1 398-7 394-4 
255-2 253-1 394-2 394-1 485-7 484-4 
299-5 298-1 483-4 484-1 573-2 574-4 
344-1 343-1 572-3 574-1 662-5 664-1 
388-9 388-1 662-5 664-1 
433-4 433-1 751-8 754-1 


Malonate. Succinate. -  Glutarate. 


A 





co 


(b), obs. (b), calc. (b), obs. (b), calc. (b), obs. (5), calc. 
443-1 439-4 486-8 484-4 531-4 529-4 
529-3 529-4 573-6 574-4 619-2 619-4 
617-6 619-4 662-5 664-4 

709-4 


As in the case of other homologous series, the ratio of the absolute b. p.’s of any two 
alkyl carbonates is independent of the pressure. In Fig. 1, the influence of the CH, group 
in the ester part of the molecule is shown by the individual curves, and their successive 
vertical displacement indicates its influence in the non-ester part of the molecule. Since 
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the curves for the esters of dibasic acids tend to converge, it appears that the b. p.’s of the 
higher carbonates will lie above those of the corresponding succinates, although the b. p. 
of methyl succinate is 129° higher than that of methyl carbonate. 

If the carbonyl group in the carbonates is given the value for the ketonic group, the 
value of [R;]p corresponds fairly well with that calculated from the Eisenlohr constants. 

The connexion between homology and viscosity has been studied by Dunstan and his 
collaborators (J., 1907, 91, 90; J. Physical Chem., 1909, 7, 210), who found a fairly exact 
relationship between the molecular weights and the logarithms of viscosity in several 
homologous series. They pointed out that, owing to the operation of conjugation 
effects, the series of dibasic esters from the oxalate to the sebacate shows little regularity 
until the first three members are passed, as shown in Fig.2. However, the curve approaches 
linearity from the glutaric ester, and the same phenomenon is evident in the fatty acid 
series (Gartenmeister, Z. physikal. Chem., 1890, 6, 524), but the linearity is much more 
striking in the case of the alkyl carbonates. For the higher carbonates, the viscosity is 
given by log n = 0-005449M — 0-7018, where 7» is the viscosity and M the molecular weight. 

The surface tension of methyl is higher than that of ethyl carbonate, but for the 
succeeding members there is a regular rise with increasing molecular weight. Of the 
alternative formule (I) and (II), the parachor values fully substantiate the non- 
polar formulation (I) in which carbon has its normal octet (Sugden, ‘‘ The Parachor and 

(I.) = OD eo>ce0 (II.) 
Valency,”’ Routledge, 1930, p. 117). There appears to be some doubt, however, as to 
the exact parachor contribution of the two oxygen atoms in the esters of monobasic 
acids. For instance, Sugden (op. cit.) points out that the observed contribution of O, 
(60-0) is appreciably lower than the calculated value for two oxygen atoms and a double 
bond (63-2). In Table II, P, is the parachor calculated from the ordinary bond constants, 
P, that obtained on the assumption that the constitutive effect is 3/2 times the value for 
esters of monobasic acids (since there are three oxygen atoms instead of two), and Py, the 
value calculated on the assumption that the constitutive effect is the same in both 
cases, viz., — 3-2. 
TABLE II. 

Substance. Pua» P,. Px. Pe. Substance. Pore Py. Px. Pe. 
Methyl carbonate ... 196-2 200-2 195-4 197-0 n-Amyl carbonate ... 508-2 512-2 507-4 509-0 
Ethyl carbonate 274-5 278-2 273-4 275-0 isoAmyl carbonate ... 505-0 512-2 507-4 509-0 
n-Propyl carbonate ... 352-3 356-2 357-4 353-0 n-Hexyl carbonate ... 587-8 590°3 585-5 587-1 


n-Butyl carbonate ... 423-4 434-2 429-4 431-0 Ethyl oxalate *8 3262 — 319-8 
isoButyl carbonate ... 428-1 434-2 429-4 431-0 Ethyl phthalate 492-0 499-1 — 4y2-7 


With a view to elucidate further the nature of the “ ester effect ’’ we have determined 
the parachor of ethyl oxalate (dj = 1-0751; y** = 31-42 dynes/cm.) and have compared 
it with that of ethyl phthalate. In these cases also the observed parachor is appreciably 
lower than P,, but is in close agreement with Pg, which is calculated by using the value 
O,= 120-0. It may be concluded, therefore, that the most suitable value for the three 
oxygen atoms and the double bond in the organic carbonates is 80-0; 1.¢., the parachor 
contribution of the two oxygen atoms of each esterified carboxyl group in both monobasic 
and dibasic derivatives is to be taken as 60-0, irrespective of whether the molecule contains 
other ethereal oxygen atoms or ring systems. 

Recently, Lewis (J., 1938, 1062) has derived an equation connecting the parachor, 
viscosity and molecular weight of a liquid. At constant temperature, the equation takes 
the form log P'; = A log M — B, where A and B are constants. The viscosities of the 
alkyl carbonates calculated from this equation with A = 3-1 and B = 4-930 are given in 
Table III. Apart from the discrepancy for the first member, the agreement is good for 


TABLE III. 


Carbonate. M. log Pi. 7, obs. 7, calc. Carbonate. M. log Ply. 7, obs. 7, calc. 
1-2952 0-5845 0-3959 n-Butyl 174 19974 1-7634 1-844 
1-4995 0-7476 0-7382 n-Amyl 2:2047 2-5158 2-576 
1-7923 1-2426 1-2100 n-Hexyl 230 2-3987 3-5691 ‘3-522 
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the entire series, and the validity of the equation for non-polar liquids is completely 


substantiated. 
EXPERIMENTAL. 

Preparation of Materials——The methyl and ethyl carbonates were carefully fractionated, 
kept for a few hours in contact with anhydrous calcium chloride, and then redistilled before 
use; b. p. 90-2° and 125-8°, respectively. n-Propyl carbonate was treated similarly and distilled 
at 67-5—67-8°/17 mm. The higher carbonates were fractionated under reduced pressure; 
b. p.’s: n-butyl, 96—98°/17 mm. ; isobutyl, 85°/16 mm.; »-amyl, 126-7—127°/15mm.; isoamyl, 
125—125-2°/26 mm. 

n-Hexyl carbonate was obtained in good yield by the following method. Pure -hexyl 
alcohol (25 g.) was slowly treated with metallic sodium (5-8 g.) under reflux, and the reaction 
completed by raising the temperature to the m. p. of the metal. Sodium hexoxide was deposited 
at an early stage of the process, but the evolution of hydrogen ceased before the theoretical 
amount of sodium had reacted, and the unchanged metal was removed. To this hexoxide at 0° 
were added small portions of carbonyl chloride (15 g, in all), also at 0°, for the reaction is strongly 
exothermic; after standing for 4 hours, the mixture was heated on the steam-bath for an hour. 
Sufficient water was added to dissolve the colloidal sodium chloride, and the organic layer was 
separated and dried (anhydrous sodium sulphate). The benzene was removed by distillation, 
and the carbonate collected at 150—155°/20 mm. Further fractionation under reduced pressure 
gave the carbonate as a colourless liquid, b. p. 152—154°/20 mm. (Found: C, 67-4; H, 11-4. 
C,3H,,O; requires C, 67-8; H, 11-3%). 

Physical Measurements.—The b. p.’s unde: ordinary pressure were determined by the simple 
distillation method, except that Siwoloboff’s micro-method was employed for m-hexyl 
carbonate. Inallcases the Anschiitz thermometers had been calibrated at the National Physical 
Laboratory. 

The determination of the ebullioscopic constant of methyl carbonate was undertaken with a 
view to ascertain the suitability of the liquid as solvent for molecular-weight determinations. 
Menzies’s apparatus employing a differential water thermometer proved rather too sensitive at 
the b. p. of this ester. Accordingly, the measurements were carried out in the Swietoslawski 
type of apparatus, and repeatedly recrystallised benzil, thoroughly dried over activated silica 
gel, was employed as solute. The ebullioscopic constant over the concentration range 1-7— 
36% was 18-3°, a value intermediate between those of methyl formate (15-8°) and methyl 
acetate (20-6°). 

The densities of the liquids were determined in 5-c.c. and 3-c.c. glass-capped pyknometers, 
the temperature being maintained at 25° + 0-01° by means of an electrically-controlled thermo- 
stat. The weights were calibrated by Richards’s method, and the necessary corrections applied 
for buoyancy. 

The refractive indices for the Nap line (A = 5893) were determined by means of a Zeiss 
Pulfrich refractometer provided with a thermostatic control operating at 25°. 

The viscosity and surface-tension measurements were carried out at 25° in the all-glass 
viscometer and surface tension apparatus described in the following paper. 

The data obtained by the above methods are given. below. 


Carbonate. B. p. a. nw. [Rz]p- a, cp. **", dynes/cm. 

90-2° 1-06027 1-36696 19-068 0-5845 28-46 
125-8 0-96926 1-38287 28-408 0-7476 25-70 
169-0 0-93988 1-39904 37-606 1-2426 26-36 
206-6 0-93884 1-41214 46-157 1-7634 27-07 
189-4 0-90858 1-40532 47-009 1-8317 24-89 
243-0 0-91001 1-41887 56-089 2-5158 27-39 
229-6 0-90222 1-41582 56-213 2-4653 25-80 
275-0 0-90016 1-42617 65-551 35691 27-92 


The liquids are not suitable for use as cryoscopic solvents, since they exhibit strong super- 
cooling. 
TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, October 26th, 1938.] 
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13. Intermolecular Forces in Liquid Systems. Part II. Viscosity, 
Surface Tension, and Parachor Relationships in Binary Systems. 


By SypnNey T. BowpeEN and Emit T. BUTLER. 


The properties of systems containing methyl or ethyl carbonate and non-polar 
and dipolar liquids have been studied with a view to ascertain the nature of the inter- 
molecular forces. Errera’s rules connecting the type of viscosity—concentration 
curve with the dipole moments of the components are found to apply to all the systems 
investigated except those containing nitrobenzene. 

The surface tension—composition curves for the mixtures are negative, and show 
a minimum corresponding to identity of the surface and the bulk phase in the cases of 
methyl carbonate—benzene, ethyl carbonate—chloroform, and ethyl carbonate—carbon 
tetrachloride. No obvious relationship exists between the surface adsorption and 
the dipole moments of the components. 

The parachor of the alkyl carbonate preserves a constant value in all the systems 
except those containing nitrobenzene, where the solute parachor increases with 
the concentration. It is shown that liquid mixtures may be classified into three types 
according as the parachor—concentration curve is (a) a horizontal line, (b) a straight 
line rising with the solute concentration, and (c) a curve showing a non-linear relation- 
ship between parachor and concentration. Under suitable conditions, the parachor 
of the solute in non-polar and dipolar systems can be found by extrapolation with 
an accuracy of 1%. 


ATTEMPTs have recently been made to correlate the viscosity-composition curves of binary 
mixtures with the polarity of the components. Errera (Z. physikal. Chem., 1929, 140, 
273) suggests that dipole association and non-polar association arising from van der Waals 
forces are responsible for the form of the viscosity-composition curve, and that the occur- 
rence of either type of association leads to enhanced viscosity. If dipole association is 
strongly operative, the formation of an addition compound is possible, and in this case 
the curve may exhibit a maximum. On this basis Errera proposes the following rules : 
(1) When both components have zero dipole moment, or when one component is non- 
polar and the other dipolar, the viscosity-composition curve is negative. (2) The curve is 
positive when both components are dipolar. 

Mixtures of methyl and ethyl carbonates with the non-polar liquids benzene and 
carbon tetrachloride exhibit negative y-c curves as shown in Fig. 1. The curve for methyl 
carbonate—benzene shows a minimum corresponding to 53% of carbonate, and the mixtures 
of chloroform with methyl carbonate and with ethyl carbonate show maxima corresponding 
to the concentrations 44% and 62% respectively. The deviation of the viscosity (Ay) 
from the linear value is brought into prominence in Fig. 2, where the viscosity deviation is 
plotted against the concentration of the solution. 

We are indebted to Dr. George Thomson for carrying out dipole-moment measurements 
with a view to test the applicability of Errera’s rules to systems containing the alkyl 
carbonates. The esters have moments of the order of 1p., and their mixtures with other 
liquids, except nitrobenzene, conform to the above rules. For nitrobenzene mixtures, the 
rule dernands that the curve should be positive, but actually it is negative. This behaviour, 
however, is not unique, for a similar type of curve is found for the dipolar system ethyl 
alcohol-nitrobenzene. Hence, it is evident that a binary system of two dipolar liquids 
may give either a positive or a negative y-c curve. The apparently anomalous behaviour 
of systems containing nitrobenzene is to be referred to the special characteristics of the 
nitro-group, and it is clear that factors other than polarity determine the viscosity of the 
system. 

The positive curves with maxima obtained for methyl carbonate—chloroform and ethyl 
carbonate—chloroform recall the behaviour of the system acetone—chloroform (Schultze, 
Z. physikal. Chem., 1919, 983, 37; McLeod, Trans. Faraday Soc., 1934, 39, 482), where 
complex formation has been postulated to account for the maximum on the curve. Glas- 
stone (ibid., 1937, 33, 204) has discussed the possibility of the donation of an electron pair 
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from the oxygen atom to the hydrogen of chloroform, Me,CO —> H:CCl,. This refers, 
however, to a molecule containing a true ketonic group, and the formation of complexes, 
such as (RO),CO —-> H:°CCl,, in the case of the carbonic esters appears to be much less 
likely. 
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Although the viscosity of solutions has been the subject of extensive study, the surface 
tension of liquid mixtures has received little attention apart from studies relating to 
adsorption in dilute solution. On the assumption that the two liquids are unassociated 
and under corresponding states, Stachovsky (Z. Elektrochem., 1928, 34, 111) deduced that 
Y = V1Vel (v¥iN2 + Yo), where y, y,, and y, are the surface tensions of the mixture and 
of the pure components, and N, and N,j are the respective molar fractions in the mixture. 
There is fairly good agreement between the observed and the calculated values of the 
surface tension of mixtures of ethyl acetate with benzene and with carbon tetrachloride, 
where the critical temperatures do not differ greatly. In some cases, such as nitrobenzene— 
benzene and nitrobenzene-ethy] acetate, the agreement is also good, although the difference 
in the critical temperatures of the components is large. 

As shown in Table I, there is fairly satisfactory agreement between the observed and 
the calculated values for mixtures of ethyl carbonate with benzene and with acetonitrile, 
but the discrepancy is more pronounced for ethyl carbonate—nitrobenzene. In all cases 


TABLE I. 
Ethyl carbonate—benzene. Ethyl carbonate-acetonitrile. Ethyl carbonate—nitrobenzene. 


Ni. y, obs. y, calc. Nj. y, obs. y, calc. Nj. y, Obs. y, calc. 
0-0497 27-99 28-08 0-1601 27°84 28-03 0-0519 41-05 41-62 
0-1506 27-59 27-80 0-2225 27-52 27-84 0-1727 37-34 38-56 
0-2690 27-22 27-49 0-3017 27-22 27-60 0-3010 34-55 35-79 
0-3377 26-85 27-17 0-4001 27-07 27-33 0-4226 32-40 33-50 
0-5186 26-54 26-85 0-5035 26-74 27-03 0-5535 30-47 31-35 
0-6685 26-10 26-49 0-6554 26-36 26-60 0-6938 28-76 29-32 
0-8588 25-82 26-03 0-7927 26-06 26-24 0-8519 27-16 27-47 
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the calculated values are consistently higher than the observed values. This equation 
fails completely for methyl carbonate—benzene and ethyl carbonate—chloroform, since the 
y-c curves for these systems pass through aminimum. Consideration of Gibbs’s adsorption 
formula shows that, if the addition of component A to component B lowers the surface 
tension, the concentration of A in the surface phase will be greater than in the bulk phase. 
If, moreover, the addition of B to A likewise reduces the surface tension, the concentration 
of B in the surface phase will be greater for similar reasons. It follows, therefore, that there 
will be a certain mixture of minimum surface tension in which the composition of the 
surface layer will be the same as that of the liquid in bulk. The minimum surface tension 
is realised in a 0-35M-solution of methyl carbonate in benzene and in a 0-80m-solution of 
ethyl carbonate in chloroform. In so far as the surface layer may be considered a distinct 
phase, the case is analogous to that of an azeotropic system where the pressure—composi- 
tion curve passes through a minimum corresponding to the attainment of identity in the 
compositions of the liquid and the vapour phase, as embodied in the Gibbs—Konovalov rule. 

Calculations of the parachor of the solute reveal that the solutions may be classified 
into three types: (i) the solute parachor P, is independent of the dilution and the P,-c 
curve is a horizontal straight line as shown in Fig. 3; (ii) the solute parachor is dependent 
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on the concentration and the P,-c curve is a straight line rising with the molar fraction 
of the solute; (iii) the solute parachor depends on the concentration but the P,-c curve 
is not a straight line. In agreement with the observations of Hammick and Andrew (J., 
1929, 754), it is found that the systems belong to Type (i) when the surface tensions of the 
pure components do not differ by more than 5 dynes/cm. When, however, the surface 
tensions differ by more than 14 dynes/cm., as in methyl carbonate-nitrobenzene, the 
system belongs to Type (ii), while the system ethyl carbonate-nitrobenzene with surface 
tensions differing by over 17 dynes/cm. belongs to Type (iii). Although Semerano and 
Fabbrini (Atti Accad. Venito-Trentino-Istriana, 1932, 28, 17) have maintained that the 
linear relation connecting the contribution of solvent and solute to the parachor of a 
solution is strictly valid only when the components have the same surface tension, it is 
clear from the present results and those of previous workers (Hammick and Andrew, loc. cit. ; 
Ray, J. Indian Chem. Soc., 1935, 12, 248) that the parachor of the solute in non-ionising 
solvents can be found to an accuracy of 1% by extrapolation. On the other hand, anom- 
alous results are obtained with aqueous solutions (idem, ibid., 1938, 15, 43; Lakhani and 
Daroga, ibid., p. 37:, and it appears that a distinction must be made between atomic and 
ionic parachors. 
G 
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EXPERIMENTAL. 


Purification of Materials——The methyl and ethyl carbonates were purified as described 
in the preceding paper. 

“ AnalaR ”’ Benzene, extra pure for molecular-weight determinations, was distilled from 
sodium wire before use; b. p. 80-1°, dj 0-87287, mp 1:49774. The value for 43? differs 
by 0-0005 from that given in the International Critical Tables, but is practically identical with 
that obtained by Martin (J., 1932, 2662). 

“‘AnalaR ’”’ Carbon tetrachloride, dried over freshly dehydrated calcium chloride, was 
fractionated through an eight-pear column; b. p. 76-8°, dj 1-58447. ‘ AnalaR ” Chloroform 
was washed with water, dried over calcium chloride, and fractionated; b. p. 61-0°, d%° 1-47972. 
Acetonitrile was carefully fractionated and finally distilled from phosphoric oxide; b. p. 81-6°, 
d ©-77680; mp 1-34161. Nitrobenzene, extra pure for molecular-weight determinations, 
was dried over calcium chloride and distilled; b. p. 210-0°; dj 1-19805. 

Viscosity Measurements.—The measurements were made in an Ostwald type of viscometer, 
constructed entirely of glass and provided with a hollow, ground stopper by means of which it 
was possible to circulate water and dry air through the apparatus and to carry out the actual 
viscosity measurements in a closed system. The instrument conformed to Specification No. 188 
(Determination of Viscosity in Absolute Units, 1929) of the British Engineering Standards 
Association, and the design incorporated Barr’s recommendations (‘‘ Monograph of Viscometry,”’ 
Oxford University Press, 1931). The capillary, 12 cm. long and of 0-2 mm. radius, was specially 
. selected with due regard to uniformity of bore, and the upper bulb was blown to a pear shape 
in order to facilitate the draining of.the liquid. The instrument was set vertically to a plumb- 
line in an electrically-controlled thermostat at 25° + 0-01°, and the times of flow were noted 
by means of a stop-watch which had been tested against a standard chronometer. 

Since the simple Ostwald equation is not strictly valid if the times of flow of the two liquids 
are very different, a kinetic-energy correction was applied by means of the equation 7 = 
d(At — B/t), where d is the density and A and B are constants, which may be evaluated by 


TABLE II. 


Methyl carbonate and Methyl carbonate and Methyl carbonate and 

benzene. chloroform. nitrobenzene. 

He de. n- Be a. 7]: %. de. ]: 
0-00000 0-87287 0-5996 0-00000 11-4797 0-5348 0-00000 = 11-1981 1-8472 
0-17170 0-90256 0-5803 0-14270 14161 0-5833 0-16259 1-1804 1-5449 
0-34401 0-93281  0-5679 0-28121 1-3552 0-6 106 0-31931 1-1620 1-3010 
0-51315  0-96382 0-5618 0-42254 1-:2930 0-6193 0-47837 1-1419 1-0884 
0-67640 0-99503 0-5622 0-56361 1-2341 0-6135 0-61267 1:1231 0-9314 
0-83748 1-02711 0-5700 0-71110 11741 0-6023 0-75557 11017 0-7875 
1-00000 1-06027 0-5845 0-85503 1:1166 0-5908 0-87341 10826 0-6838 

100000 1:0603 0-5845 100000 1-:0603  0-5845 


Ethyl carbonate and Ethyl carbonate and carbon Ethyl carbonate and 
benzene. tetrachloride. chloroform. 
0-00000 0-8729 0-5996 000000 = 1:5847 0-8973 000000 11-4797 0-5348 
0-04966 00-8793 0-6016 0-07871 1:5241 0-8655 0-10610 1-4026 0-6091 
0-15061 0-8915  0-6096 0-23879 1:4095 0-8362 0-18017 1-3532 0-6539 
0-26897 0-9048  0-6229 0-39362 1:3071 0-8082 0-28350 1-2892 0-7024 
0-44400 0-9193 0-6407 0-53205 1:2218 0-7937 0-40278 1-2222 0-7387 
0-51860 0-9296 0-6571 0-66938 1-1425 0-7790 055015 1-1482 0-7571 
0-66854 00-9430 0-6825 0-77652 =1-0854 = 0-7701 0-66426 1:0969 0-7586 
0-85880 00-9585 0-7185 0-89475 1-0216 0-7586 0-85469 1:0206 0-7547 
100000 0-9693 0-7476 100000 0-9693 0-7476 100000 0-9693 0-7476 


Ethyl carboriate and acetonitrile. Ethyl carbonate and nitrobenzene. 
%. dy. ”- #. f a. 2: 
0-00000 0-7768 0-3391 0-00000 1-1981 1-8472 
0-09602 0-8162 0-3842 0-05189 1-1853 1-7641 
0-22248 0-8558 0-4439 0-17273 1-1560 1-5989 
0-30165 0-8756 0-4808 0-30103 1-1256 1-4220 
0-40007 0-8964 0-5263 0-42262 1-0971 1-2768 
0-50347 0-9144 0-5710 0-55354 1-0671 1-1336 
0-65539 0-9358 0-6511 0-69379 1-0356 0-9964 
0-79265 0-9512 0-6812 0-85192 1-0009 0-8597 
1-00000 0:9693 0-7476 1-00000 0-9693 0-7476 
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measuring the times of flow of two liquids of very different kinematic viscosity. The standard 
liquids employed for this purpose were water and ethyl ether, and the viscosity values used in 
the calculations were those given in the International Critical Tables. The values of the con- 
stants for the present instrument were A = 0-0024965 and B = 1-496. 

The densities of the pure liquids and the solutions were determined pyknometrically in the 
same thermostat. The results are given in Table II where d is the density and » is the viscosity 
in centipoises. 

Surface-tension Measurements.—The surface tension of the liquids was measured in a modi- 
fication of the Jaeger-Sugden apparatus (J., 1924, 125, 27), immersed in a thermostat at 
25° + 0-01°. The bubbling tubes were carefully selected with regard to uniformity of bore, 
and the radii were 0-1383 cm. and 0-007 cm. respectively. The pressure gauge and aspirating 
unit were also immersed in baths to avoid accidental temperature fluctuations. With these 
precautions, there was no difficulty in obtaining successive readings consistent to within 0-3%. 
The apparatus was calibrated by using pure benzene (y = 28-21 dynes/cm.). 

The results are given in Table III, where d is the density of the solution and y the surface 
tension in dynes/cm. The parachor of the solute P, is obtained from the parachor of the 
solution P,, and that of the solvent P by means of the following relations: P,, = P(1 — *) + P,*; 
Pa = my*|(d —d'); My = M,(1 — x) + M,*, where ~% is the molar fraction of the solute, 
M, its molecular weight, M, the molecular weight of the solvent, y the surface tension of the 
solution, d the density of the solution and d’ the density of the vapour, which is negligible at 25°. 


TABLE III. 


Intermolecular Forces in Liquid Systems. 


Methyl carbonate and benzene. 


*. 


0-00000 
0-17170 
0-34401 
0-51315 
0-67640 
0-83748 
1-00000 


ae 
0-87287 
0-90256 
0-93281 
096382 
0-99503 
1-02711 
1-06027 


y- 
28-21 
28-11 
28-10 
28-07 
28-21 
28°34 
28-46 


Py. 
206-1 
204-4 
202-8 
201-2 
199-6 
198-0 


Mean 


P,. 
196-2 
196-0 
196-5 
195-8 
196-6 
196-2 


196-2* 


Methyl carbonate and nitrobenzene. 


0-00000 
0-16259 
0-31931 
0-47837 
0-61267 
0-75557 
0-87341 
1-00000 


1-1981 
1-1804 
1-1620 
1-1419 
1-1231 
1-1017 
1-0826 
1-0603 


43-08 
39-92 
37-27 
34-99 
33-06 
31-45 
30-12 
28-46 


263-1 
250-6 
239-2 
228-5 
219-5 
210-9 
203-9 


186-4 
188-3 
190-8 
192-0 
194-0 
195-3 
196-2 


Methyl carbonate and chloroform. 
5° 


x. 


0-00000 
0-14270 
0-28121 
0-42254 
0-56361 
0-71110 
0-85503 
1-00000 


de. 
1-4797 
1-4161 
1-3552 
1-2939 
1-2341 
1-1741 
1-1166 
1-0603 


y- 
26-21 
26-45 
26-50 
26-77 
26-88 
27°13 
27-94 
28-46 


Py. 
182-6 
184-5 
186-4 
183-3 
190-6 
192-2 
194-2 


Mean 


Ethyl carbonate and benzene. 


0-00000 
0-04966 
0-15061 
0-26897 
0-38771 
0-51860 
0-66854 
0-85880 
1-00000 


0-87287 
0-87925 
0-89152 
0-90482 
0-91702 
0-92958 
0-94298 
0-95846 
0-96926 


28-21 
27-99 
27-59 
27-22 
26-85 
26-54 
26-10 
25-82 
25-70 


206-1 
209-4 
216-1 
224-2 
232-3 
241-3 
251-2, 
264-4 


Mean 


Py 
195-1 
195-8 
195-6 
196-7 
196-0 
196-9 
196-2 
196-0 


Ethyl carbonate and nitrobenzene. 


263-1 — 0-55354 1-0671 
262-2 245-1 0-69379 1-0356 267-4 
261-3 252-4 0-85192 1-0009 271-0 
34:55 261-8 258-6 1-00000 0-9693 _ 
32-40 263-0 262-9 


* The mean value refers to the mixtures only. 


43-08 264-9 
41-05 


37°34 


0-00000 
0-05198 
0-17273 
0-30103 
0-42262 


1-1981 
1-1853 
1-1560 
1-1256 
1-0971 


Although the dipole moments of the substances are widely different, it is evident from Fig. 3 
that the extrapolation method is entirely reliable in the case of non-ionising media. 
One of us (E. T. B.) is indebted to this college for the award of a Post-graduate Studentship. 
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14. Studies in the cycloHexane Series. Part IV. The Isomeric 
1-Carboxy-4-, -3-, and -2-methylcyclohexane-l-succinic Acids. 
By R. D. Desai, R. F. HUNTER, and G. S. SAHARIA. 


Condensation of the sodio-derivative of ethyl 1-cyano-4-methylcyclohexane-1- 
cyanoacetate with ethyl bromoacetate yields a dicyanosuccinic ester, which gives a 
pair of isomeric 1-carboxy-4-methylcyclohexane-1-succinic acids on hydrolysis. Similar 
pairs of isomeric carboxymethylcyclohexanesuccinic acids have been obtained 
from the corresponding 1-cyano-3-methyl- and 1-cyano-2-methyl-cyclohexane-1-cyano- 
acetates. 


THE general failure to isolate the strainless isomers of cyclohexane derivatives required by 
the Sachse—Mohr hypothesis is usually attributed to the small energy required to convert 
the ‘‘ boat’ form of the cyclohexane ring into the. ‘‘ armchair ’’ form (Mills, Report of 
Fourth Chemical Solvay Conference, 1931). It seems possible, however, that suitable 
substitution of the hydrogen atoms of the cyclohexane ring might increase the energy 
difference between these forms sufficiently to render possible their isolation as definite 
individuals. 

Attention was therefore directed to the synthesis of 1-carboxymethylcyclohexane-1- 
succinic acids by Higson and Thorpe’s method (J., 1906, 89, 1455). Condensation of the 
sodio-derivative of ethyl 1-cyano-4-methylcyclohexane-l-cyanoacetate, prepared from the 
cyanohydrin of 4-methylcyclohexanone, with ethyl bromoacetate gave a dicyanosuccinic 
ester (I), which on hydrolysis furnished a pair of isomeric 1-carboxy-4-methylcyclohexane-1- 
succinic acids (II). A similar pair of isomeric acids was obtained from the condensation 
product of the sodio-derivative of ethyl 1-cyano-3-methylcyclohexane-l-cyanoacetate and 
ethyl bromoacetate. 

CH,°CH CN CH,°CH. CO,H 
) CHMe<cHtcH; (CN):co,Et = CHMe<cHscH>C<CH'CO,H ar) 
CH,°CO,Et CH,°CO,H 
Finally, two isomeric forms of 1-carboxy-2-methylcyclohexane-1-succinic acid were obtained 
from the hydrolysis of the dicyanosuccinic ester prepared from 1-cyano-l-hydroxy-2- 
methylcyclohexane. 

No indication was therefore obtained of isomerism connected with multiplanar forms 
of the cyclohexane ring. 

CO—N:C,H, 


In all three series the acids (B) gave p-methylanil-p-toluidides, H—CO 
CH,°CO-NH:C,H,, 
identical with those prepared from the more difficultly fusible (A) isomers. It is reasonable 
to interpret this as due to the conversion of the labile form into the more stable isomer, 
at the relatively high temperature (210—220°) used in the preparation of these derivatives. 
When this work was in an advanced stage (Desai, Hunter, and Saharia, Nature, 1937, 
139, 718), a paper by Chatterji appeared (J. Indian Chem. Soc., 1937, 127), in which the 
author stated that he could obtain only one 1-carboxy-4-methylcyclohexane-1-succinic 
acid, m. p. 188°. In the 3- and the 2-methylcyclohexane series, he obtained gums. The 
acid, m. p. 188°, is, however, a mixture, from which, with some difficulty, mainly 
1-carboxy-4-methyl¢yclohexane-1-succinic acid (A), m. p. 207°, can be isolated. 


EXPERIMENTAL. 


1-Carboxy-4-methylcyclohexane-1-succinic Acids.—(i) Condensation of ethyl 1-cyano-4-methyl- 
cyclohexane-l-cyanoacetate with ethyl bromoacetate. Ethyl 1-cyano-4-methylcyclohexane-1- 
cyanoacetate, prepared by condensing freshly distilled 1-cyano-l-hydroxy-4-methylcyclo- 
hexane (34-7 g.) with ethyl cyanoacetate (31 g.) in the presence of sodium ethoxide (prepared 
from 5-7 g. of sodium and 60 c.c. of absolute alcohol), was kept at laboratory temperature for 
48 hours. The mixture was cooled during the addition of ethyl bromoacetate (44-2 g.) and the 
resulting mixture was kept at laboratory temperature for another 2 days and then heated on a 
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water-bath under reflux for 24 hours; the alcohol was recovered, and the residue added to a 
large quantity of water. The precipitated ester was extracted in ether, dried, recovered, and 
distilled, giving a fraction, b. p. up to 120°/6 mm., a fraction, b. p. 120—195°/6 mm., and ethyl 
1-cyano-4-methylcyclohexane-1-«-cyanosuccinate, b. p. 208—210°/6 mm. The first fraction 
was rejected. The yield was improved by condensing the second fraction (26 g.) with ethyl 
bromoacetate (19 g.) and sodium ethoxide (prepared from 2-5 g. of sodium and 30 c.c. of absolute 
alcohol), and working up the product as already described; the total yield was 65%. The 
dicyanosuccinic ester solidified in a vacuum; m. p. 75—78°, raised to m. p. 97° (previous 
sintering) by recrystallisation (Found: C, 63-7; H, 7-5. C,,H,O,N, requires C, 63-75; H, 
75%). Yield, 53 g. 

(ii) Hydrolysis of the ester. The ester (52 g.) was left in contact with concentrated sulphuric 
acid (100 c.c.) overnight, and water (135 c.c.) then added. The mixture was heated for 24 hours, 
diluted with water, cooled, and extracted with ether. The ethereal extract was shaken with 
aqueous sodium carbonate (10%); when the alkaline solution was acidified with concentrated 
hydrochloric acid, a mixture of acids separated. After saturation of the liquid with 
ammonium sulphate, the acids were extracted in ether, dried, and recovered; they solidified 
in a vacuum, m. p. 158—165°. Treatment with warm benzene left a solid, m. p. 195° (previous 
sintering), which, on being heated under reflux with further benzene for an hour, gave an acid, 
m. p. 205°. On recrystallisation of this from dilute alcohol, 1-carboxy-4-methylcyclohexane-1- 
succinic acid (A) was obtained in plates, m. p. 207° (Found : C, 55-5; H, 7-0. C,,H,,0, requires 
C, 55-8; H, 69%). The combined benzene mother-liquors on concentration deposited a 
fraction, m. p. 180—185°, which after several recrystallisations furnished the acid (A), m. p. 
207°. The mother-liquors gave a fraction, m. p. 165—169°, which on recrystallisation from 
benzene furnished the isomeric (B) acid, m. p. 175—176°, and 178° after recrystallisation from 
aqueous alcohol (Found: C, 55-7; H, 69%). A mixture of this with the acid (A) melted at 
155—156°. A mixture of the acid (B) with l-carboxy-4-methylcyclohexane-l-acetic acid (A) 
(m. p. 173°) melted at 154—155°, 

The benzene mother-liquor gave a sticky mass, which on rehydrolysis with concentrated 
hydrochioric acid for 15 hours gave a certain amount of the acid (A), m. p. 207°, accompanied 
by a gum. 

(iii) Estevification of the gum. A solution of the gum (5—7 g.) in absolute alcohol (25 c.c.) 
was treated with concentrated sulphuric acid (2-5 c.c.) and heated under reflux on a water-bath 
for 24 hours. The oil precipitated on pouring into cold water was extracted with ether and 
washed with 2N-sodium carbonate. The residue obtained on removal of ether was distilled under 
reduced pressure, two fractions, b. p. 135—140°/6 mm. and 155—157°/6 mm., being collected. — 
The first fraction, after alkaline hydrolysis, furnished 1-carboxy-4-methylcyclohexane-]-acetic 
acids (A) and (B), m. p. 173° and 137° respectively (Desai, Hunter, Ghulam Khan, and Saharia, 
J., 1936, 416). The second fraction gave, on hydrolysis, 1-carboxy-4-methylcyclohexane-l- 
succinic acid, m. p. 207° after purification. 

During the separation of the two isomeric acids, we encountered an acid, m. p. 188° (previous 
sintering), which could be broken up with difficulty, furnishing mainly the acid (A), m. p. 207°. 
This appears to be a eutectic mixture (compare Desai, Hunter, Ghulam Khan, and Saharia, 
loc. cit.). 

Derivatives of the Acid (A), m. p. 207°.—The anhydride, prepared by means of boiling acetic 
anhydride, was a liquid. It was converted, by treatment with aniline in benzene solution, into 
the anilide-anilic acid, m. p. 175—176°, after recrystallisation from alcohol—water (Found: C, 
70-1; H, 6-7. C,,H,,0,N, requires C, 70-5; H, 6-8%). The anil-anilide, prepared by heating 
the acid (0-5 g.) with aniline (1 g.) at 165—170° for 3—4 hours, crystallised from alcohol—-water 
in plates, m. p. 187° (Found: C, 73-6; H, 6-7. C,,H,,0,N, requires C, 73-8; H, 66%). The 
p-methylanil-p-toluidide, prepared by heating the acid (1 g.) and p-toluidine (1-7 g.) at 210—220° 
for 2 hours, on treatment with boiling hexane for an hour and crystallisation from alcohol—water, 
formed rectangular plates, m. p. 186° (Found: C, 74-4; H, 7-1. C,ggH3,O,N, requires C, 74-6; 
H, 7:2%). 

The acid (B), m. p. 178°, gave a p-methylanil-p-toluidide, which after recrystallisation from 
dilute alcohol had m. p. 185—186° alone and when mixed with the p-methylanil-p-toluidide of 
the acid (A). This is attributed to isomeric change at the temperature (220°) of the reaction. 

1-Carboxy-3-methylcyclohexane-l-succinic Acids.—Ethyl 1-cyano-3-methylcyclohexane-1- 
cyanoacetate, prepared from freshly distilled 1-cyano-l-hydroxy-3-methylcyclohexane (27:8 g.), 
ethyl cyanoacetate (25 g.), and sodium ethoxide (4-6 g. of sodium and 60 c.c. of absolute alcohol), 
was kept for 48 hours and treated with ethyl bromoacetate (33-5 g.). The ester was obtained 
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as a dark brownish-yellow oil, which was extracted in ether, dried, and distilled. The fraction, 
b. p. up to 125°/10 mm., was rejected, and the fraction, b. p. 125—195°/10 mm., was re-treated 
with ethyl bromoacetate; the last fraction consisted of ethyl 1-cyano-3-methylcyclohexane-1-a- 
cyanosuccinate, b. p. 208—210°/10 mm. After retreatment of the second fraction (125—195°/10 
mm., 24 g.) with ethyl bromoacetate in the presence of sodium ethoxide (2-4 g. of sodium and 30 
c.c. of absolute alcohol), the yield of dicyanosuccinic ester was raised to 56% (Found : C, 63-5; 
H, 7-6. C,,H,4O,N, requires C, 63-75; H, 7-5%). The ester (36 g.) was hydrolysed as in the 
preceding case. The crude mixture of acids isolated by ether solidified in a vacuum; after 
trituration with cold benzene, it was treated with warm benzene. This furnished a sparingly 
soluble acid, which was heated with benzene under reflux for an hour and recrystallised from a 
small quantity of alcohol—water, yielding 1-carboxy-3-methylcyclohexane-1-succinic acid (A) in 
plates, m. p. 210° (Found: C, 55-8; H, 6-9. (C,,H,,0, requires C, 55:8; H, 6-9%). The 
benzene mother-liquors deposited a fraction, m. p. 185—187°, which consisted mainly of the 
acid (A); on treatment with fresh benzene the m. p. was raised to 210°. The combined benzene 
mother-liquors were evaporated, and the residue hydrolysed with concentrated hydrochloric 
acid and worked up in the usual way. The product, crystallised from alcohol—water, furnished 
1-carboxy-3-methylcyclohexane-1-succinic acid (B), m. p. 171—172° (Found: C, 55-7; H, 6-9%). 
A mixture of this with the isomeric acid (A) melted at 148°. A mixture of the acid (B) with 
1-carboxy-3-methylcyclohexane-l-acetic acid (A) (m. p. 165°) had m. p. 145—146°. 

The benzene mother-liquors gave a considerable amount of gummy product. To a solution 
of this (2 g.) in absolute alcohol (20 c.c.), concentrated sulphuric acid (2 c.c.) was added, and the 
mixture was heated for 24 hours. The ester was obtained as a yellow oil, which was extracted 
with ether, and the ethereal solution was shaken with aqueous sodium carbonate to remove any 
acid ester present. The residue obtained by removal of ether gave a fraction, b. p. up to 180°/18 
mm., which on hydrolysis furnished the two isomeric 1-carboxy-3-methylcyclohexane-1-acetic 
acids, m. p. 163° and 108°. The second fraction, b. p. 190—195°/18 mm. (Found: C, 62-8; H, 
8-7. C,,H3 0, requires C, 63-1; H, 8-7%), gave, on alkaline hydrolysis, a mixture of the 1- 
carboxy-3-methylcyclohexane-1-succinic acids. 

The p-methylanil-p-toluidide, prepared from the acid (A) (0-5 g.) and p-toluidine (0-85 g.) 
at 210—220°, separated from dilute alcohol in prismatic needles, m. p. 158—159° (Found: C, 
74-5; H, 7-2. CygH ,.0,N, requires C, 74-6; H, 7-2%). The same substance was also obtained 
from the B-acid. 

1-Carboxy-2-methylcyclohexane-l-succinic Acids.—Ethyl  1-cyano-2-methylcyclohexane-1- 
cyanoacetate, prepared from freshly distilled 1-cyano-l-hydroxy-2-methylcyclohexane (27:8 g.), 
was condensed with ethyl bromoacetate (33-5 g.) in the usual way. The first fraction, b. p. up 
to 125°/6 mm., was rejected, and the second fraction, b. p. 125—185°/6 mm., was re-treated 
with ethyl bromoacetate. The third fraction consisted of ethyl 1-cyano-2-methylcyclohexane-1-a- 
cyanosuccinate, b. p. 206—208°/8 mm. After three treatments with ethyl bromoacetate, a 40% 
yield of the dicyanosuccinic ester was obtained, as a mobile liquid (Found: C, 63-5; H, 7-5. 
C,,H,,0,N, requires C, 63-75; H, 7-5%). The ester (12 g.) was hydrolysed as in the preceding 
cases. The crude mixture of acids, after treatment with benzene, furnished a sparingly soluble 
portion, m. p. 185—186°. On recrystallisation from alcohol—water, this gave the acid (A) in 
plates, m. p. 195° (Found: C, 55-8; H, 6-9. C,,H,,0O, requires C, 55:8; H, 69%). The 
benzene mother-liquors did not deposit any solid on concentration; the solvent was therefore 
completely removed, and the residue heated with concentrated hydrochloric acid for 15 hours. 
The product was worked up in the usual way, a crude mixture of acids, m. p. 145—147°, being 
obtained, which on treatment with benzene yielded the acid (A), m. p. 185—190°. The benzene 
mother-liquors deposited a solid, m. p. 169—170°, which on crystallisation from alcohol—water 
yielded 1-carboxy-2-methylcyclohexane-l-succinic acid (B) in plates, m. p. 175° (Found: C, 
55-7; H, 69%). A mixture of this with the acid (A) melted at 165°, and a mixture with 1- 
carboxy-2-methylcyclohexane-l-acetic acid (B) had m. p. 148°. 

The p-methylanil-p-ioluidide, prepared by heating the acid (A) or (B) with p-toluidine at 
210—220° for 2 hours, had m. p. 169—170° after being heated with hexane under reflux. On 
recrystallisation from dilute alcohol, it was obtained in pink needles, m. p. 172° (Found: C, 
74-2; H, 7-1. CggH 90,N, requires C, 74-6; H, 7:2%). The hexane extract, on being kept, 
deposited the di-p-ioluidide in white granules, m. p. 95° (previous sintering) (Found: C, 71-9; 
H, 7:2. C,gH;,0,N, requires C, 71-5; H, 7:3%). 


THE Musitt™ UNIVERSITY, ALIGARH, INDIA. [Received, October 24th, 1938.] 
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15. The Constitutions of Eremophilone, Hydroxyeremophilone, and 
Hydroxydihydroeremophilone. Part III. 


By A. R. PENFOLD and J. L. SIMONSEN. 

It is shown that the methyl ester of the cyclic acid, C4»H,,0,, obtained by the 
reduction of the keto-acid, C,)H,,03, an oxidation product of hydroxyeremophilone 
benzoate, yields on selenium dehydrogenation o-xylene. It is suggested that the 
cyclic acid is 1 : 2-dimethylcyclohexylacetic acid (VII), which leads to the represent- 
ations (III), (IV), and (V) for eremophilone, hydroxyeremophilone and hydroxydihydro- 
eremophilone respectively. These sesquiterpene ketones would therefore appear 
to be exceptions to the “ isoprene rule.” 


IN a recent communication (J., 1938, 767) the available evidence relating to the structures 
of the sesquiterpene ketone, eremophilone, and its congeners, hydroxyeremophilone and 
hydroxydihydroeremophilone, was summarised and the conclusion was reached that the 
first two ketones could best be represented by the partial formule (I) * and (II). 


CO Be ae 


25, SED egg na ‘os H,,0 
(). CH CMeCH CH—C,Hy, Mee CH Cee aL) 
Hi; Hy, 

A consideration of the published data led Professor R. Robinson to suggest to us that 
eremophilone was most probably represented by (III); hydroxyeremophilone would then 
be (IV) and hydroxydihydroeremophilone (V). 

CO CH HO-C CO CO CH:OH 
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This valuable suggestion was obviously capable of simple proof, since, if hydroxyere- 
mophilone was (IV), the keto-acid, C,9H,,03, obtained by the ozonolysis of its benzoate 
(loc. cit., p. 773) would be (VI), yielding on Clemmensen reduction the cyclohexyl acid 
(VII). 


co CH, 


4N 
H,¢ CH, Hy CH, 
(VI.) HO,C°CH,C CH, HO,C-CH,°C CH, (VIL) 
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An acid having this structure might be expected to yield on selenium dehydrogenation 
either o-tolylacetic acid or o-xylene or a mixture of the two (cf. Ruzicka, Helv. Chim. Acta, 
1836, 19,419). We have now subjected the methyl ester of the cyclohexyl acid to the action 
of selenium at 360° and have obtained in almost theoretical yield a hydrocarbon, b. p. 
135—145°, yielding phthalic acid on oxidation with potassium permanganate. The 
hydrocarbon must therefore have been o-xylene and the cyclohexyl acid, (VII), since the only 
other acid of this composition, assuming no migration of methyl groups, which could on 
dehydrogenation yield o-xylene is 1 : 1-dimethylcyclohexylacetic acid, with which it has 
been shown by synthesis (Adamson and Simonsen, J., 1938, 776) not to be identical. 

The structures (III), (IV), and (V) now assigned to the three ketones are in full accord 
with all the available experimental evidence; the only reaction somewhat difficult of 

* This formula is incorrect in (XIII) (loc. cit., p. 769). 
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interpretation and requiring further consideration is that of the oxidation of hydroxyere- 
mophilone with hydrogen peroxide in alkaline solution. It was shown (J., 1932, 2748) 
that the hydroxy-ketone gave with this reagent a mixture of two stereoisomeric dihydroxy- 
acids, C,;H,,O,, which naturally suggested that it was a potential 1: 2-diketone. This 
suggestion received further support from the observation (loc. cit., p. 772) that the oil 
obtained by the hydrolysis of the catalytic hydrogenation product of hydroxyeremophilone 
benzoate gave on oxidation with hydrogen peroxide a dibasic acid, C;;H,,0,. We now find 
that the products from the reduction with sodium and alcohol of either hydroxyeremophil- 
one or of hydroxydihydroeremophilone also yield this acid on oxidation with Criegee’s 
reagent (lead tetra-acetate), a reaction generally assumed to be diagnostic for 1 : 2-glycols. 

On the basis of the structure (IV) for hydroxyeremophilone, the glycol would be (VIII), 
a 1:3-glycol; its oxidation with Criegee’s reagent must therefore proceed abnormally, 
the most probable formula for the dibasic acid being (IX). 


HO-CH CH-OH _ HO,C  CO,H 


ee te 4 
H.C CH (CH, H,C Me CH, 
(VIII.) Me,CH-CH Me,CH-CH ¢ CH, (IX.) 


It is well known that substituents in the feri-position in the naphthalene nucleus show 
behaviour similar to that of o-substituents; unfortunately, however, no 1 : 8-dihydroxy- 
or 1-hydroxy-8-keto-decalins have been described and we have no knowledge of their 
reactions. In our opinion there would appear to be little doubt that eremophilone and the 
related hydroxy-ketones have the formule now suggested, although a rigid proof must 
await the synthesis and resolution of the two possible d/-modifications of (VI) and a study 
of the 1 : 8-dihydroxydecalins. We propose to extend our investigation in these directions. 
Until this further evidence is forthcoming it appears to us desirable to defer emendation 
of the structures assigned previously to the various degradation products of these ketones. 

The proposed representation of eremophilone is of importance, since it is not in accord 
with the so-called “‘ isoprene rule.’”’ As has been suggested to us by Professor Robinson, 
a possible explanation is that eremophilone is formed in Nature from either (X) or (XI) 
by a molecular rearrangement, the «$-unsaturated ketone (III) being formed. 

Me 
CO| CH-OH 

fw 
2 H,¢ CH, 
CH,-CMeCH C CH, CH,-CMeCCH CH CH, 


If the structure now assigned to eremophilone proves to be correct, the implications 
are somewhat far-reaching. So far as we are aware, in only one case, that of cyperone 
(Adamson, McQuillin, Robinson, and Simonsen, J., 1937, 1576), has the position of the 
angle methyl group in a sesquiterpene derivative yielding eudalene on dehydrogenation 
been rigidly proved. In the selinenes, elemol and eudesmol, it is assumed on the basis 
of the “isoprene rule.’”’ It is obvious that a more rigid proof is now necessary. It is also 
no longer possible to assume that the “ isoprene rule ”’ will apply in the polyterpene series. 


(X.) (XI.) 


EXPERIMENTAL. 


Dehydrogenation of Methyl 1: 2-Dimethylcyclohexylacetate (?).—The methyl ester, b. p. 
110—112°/19 mm. (Found: C, 71-7; H, 11-2. C,,H,.O, requires C, 71-7; H, 10-9%), was 
prepared by the action of diazomethane on an ethereal solution of the acid (loc. cit., p. 773). 

A mixture of the ester (3 g.) and selenium (5 g.) was heated in a sealed tube at 360° for 24 
hours, The product was dissolved in ether, the filtered solution washed with aqueous sodium 
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carbonate (A) and dried, and the ether removed through an efficient column. The residual oil 
distilled at 135—145° (1-3 g.), leaving a very small high-boiling residue. Extraction with 
ether of the acidified sodium carbonate solution (A) gave only a trace of a crystalline acid. 

The hydrocarbon was suspended in water (150 c.c.), and the mixture heated on the water- 
bath (mechanical stirring), finely powdered potassium permanganate (7-7 g.) being gradually 
added. After the oxidation was complete, the manganese dioxide sludge was removed, and the 
filtrate concentrated, acidified, and extracted with ether. Evaporation of the solvent left 
phthalic acid, decomp. 201°, without recrystallisation, identified by conversion into the an- 
hydride, m. p. 131°, both alone and in admixture (Found: C, 64:7; H, 3-0. Calc. for C,H,O, : 
C, 64:8; H, 2-7%). 

Oxidation of Hydroxytetrahydroeremophilol with Lead Tetra-acetate.—To a solution of hydroxy- 
eremophilone (1-4 g.) in boiling ethyl alcohol (70 c.c.), sodium (7 g.) was added. After completion 
of the reaction the ethyl alcohol was removed in steam, the glycol dissolved in ether, the 
solution dried, and the solvent evaporated. The glycol (1-3 g.), which was a viscid oil, was dis- 
solved in acetic acid (10 c.c.) and mixed with an acetic acid solution of lead tetra-acetate.(110 
c.c.; 0:104N). Oxidation was complete in 48 hours. Addition of water precipitated an oil; 
this was dissolved in ether and washed with aqueous sodium carbonate, the final washings (A) 
being kept separate. Evaporation of the dried ethereal extract gave an oil (0-8 g.), which 
reacted readily with Brady’s reagent but gave no crystalline derivatives. On oxidation with 
potassium permanganate in acetone solution it gave the dibasic acid described below. 

The final sodium carbonate washings (A) gave on acidification an oil which rapidly crystal- 
lised in fine needles. The acid (0-3 g.) crystallised from dilute methyl alcohol in needles, m. p. 
193—195°, both alone and in admixture with the acid described previously (loc. cit., p. 772) 
(Found: C, 66-7; H, 9-5. Calc. for C,;H,,0,: C, 66-7; H, 9-6%). 

Oxidation with lead tetra-acetate in acetic acid solution of the product (0-95 g.) obtained 
by the reduction of hydroxydihydroeremophilone with sodium and alcohol gave the above- 
mentioned acid (0-2 g.) together with an aldehyde (0-8 g.), from which a further quantity of the 
acid was obtained by oxidation with potassium permanganate. 


The authors desire to express their gratitude to Professor R. Robinson, F.R.S., for his in- 
valuable advice. Acknowledgment is made also to the Government Grants Committee of 
the Royal Society and to Imperial Chemical Industries, Ltd., for grants. 


UNIVERSITY COLLEGE OF NORTH WALES, BANGOR. [Received, October 26th, 1938.] 
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16. Some Derivatives of Phloroglucinol Trimethyl Ether. 
By G. R. RamaceE, J. L. SIMONSEN, and W. J. I. STOWE. 


Attempts to prepare 2: 4: 6-trimethoxybenzyl alcohol by the reduction of the 
corresponding aldehyde gave what is probably 2:4:6: 2’: 4’ : 6’-hexamethoxy- 
benzoin. 2: 4: 6-Trimethoxybenzylamine reacted with nitrous acid to give 
2:4:6:2': 4’: 6’-hexamethoxydiphenylmethane, also obtained by the interaction of 

’ phloroglucinol trimethyl ether with formaldehyde in the presence of piperidine acetate. 
No satisfactory process for the preparation of the required alcohol was devised. 


IT was suggested recently (Penfold and Simonsen, J. Proc. Roy. Soc., New South Wales, 
1938, 71, 291) that the phenolic ether, beckeol, occurring in the essential oils from various 
species of Myrtaecae, had the structure (I; R = H) and it seemed desirable to attempt the 
synthesis of its methyl ether (I; R = Me) by the condensation of 2 : 4 : 6-trimethoxybenzyl 
alcohol with 3-chloroisobutylene. 


CH,°O-CH,°CMe:CH, 
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ek © CH(OH)C 
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Freudenberg and Harder (Amnalen, 1937, 451, 222) have described the preparation of 
this alcohol by the hydrogenation of 2 : 4 : 6-trimethoxybenzaldehyde in the presence of a 
nickel-kieselguhr catalyst, 2 : 4 : 6-trimethoxytoluene being obtained if a palladium cata- 
lyst is used. We can confirm the latter observation, but have been unable to prepare the 
alcohol, using a number of nickel catalysts. Either the unchanged aldehyde was recovered 
or intractable gums were obtained (it is well known that the preparation of selective 
hydrogenation catalysts is not easy and we do not wish to suggest that Freudenberg and 
Harder’s work is incorrect). In exploring other methods for the preparation of this alcohol 
we obtained new derivatives of phloroglucinol trimethyl ether which appear to us worthy 
of record. 

Reduction of 2 : 4 : 6-trimethoxybenzaldehyde with zinc dust in acetic acid or acetic 
anhydride solution resulted in the formation of 2 : 4 : 6-trimethoxytoluene : the aldehyde 
was not reduced by aluminium ethoxide at room temperature. With aluminium ‘soprop- 
oxide in isopropyl-alcoholic solution, reduction appeared to proceed smoothly but the 
quantity of acetone produced, estimated in the distillate as the 2 : 4-dinitrophenylhydr- 
azone, was much below the theoretical quantity. The product of the reaction, which was a 
gum, decomposed on attempted distillation under diminished pressure, but a crystalline 
2 : 4-dinitrophenylhydrazone, m. p. 275—276°, was prepared, which analysis showed to be 
a derivative of 2:4:6: 2’: 4’: 6’-hexamethoxybenzoin (II). This substance was ob- 
viously formed by an ordinary benzoin condensation; it is possible that a small amount 
of the required alcohol was formed and underwent further condensation. The aldehyde 
was recovered unchanged after prolonged digestion with potassium hydroxide solution. 

By the catalytic hydrogenation of 2:4: 6-trimethoxybenzaldoxime in acetic acid 
solution, a palladium-norit catalyst being used, the secondary base, 2:4:6:2’: 4’: 6’- 
hexamethoxydibenzylamine, m. p. 118—119°, was obtained; when, however, the reduction 
was carried out under the conditions used by Schales (Ber., 1935, 68, 1934), the primary 
base, 2 : 4 : 6-trimethoxybenzylamine, m. p. 59—60°, was formed in excellent yield. The 
nitrite of the base, prepared by the action of sodium nitrite in acetic acid solution, was 
stable at room temperature, but decomposed on warming with the formation of much tar. 
No alcohol could be isolated, the main product of the reaction being 2:4:6: 2’: 4’: 6’- 
hexamethoxydiphenylmethane,m. p. 116—117°. The formation of this substance suggests 
that the benzyl alcohol is the primary product of the reaction and that this then condenses 
with a second molecule, from which the primary alcoholic group is eliminated as carbon 
dioxide after oxidation by the nitrous acid present. Only resins were obtained when 
silver nitrite was allowed to react with the hydrochloride of the base. 

The marked reactivity of the phloroglucinol nucleus was further exemplified in attempts 
to apply the Lederer—Manasse reaction to phloroglucinol dimethyl ether, since its conden- 
sation with formaldehyde gave intractable products of high molecular weight which were 
not further examined. Phloroglucinol trimethyl ether, however, condensed readily with 
formaldehyde in the presence of piperidine acetate to give 2: 4: 6: 2’: 4’ : 6’-hexamethoxy- 
diphenylmethane. We have been unable to find an analogy to this direct condensation of 
a phenolic ether with an aldehyde under these conditions. 


EXPERIMENTAL. 


2: 4: 6-Trimethoxybenzylamine.—To a suspension of palladium-—norit (1 g.) in acetic acid 
(60 c.c.) and sulphuric acid (6 c.c.) shaken in hydrogen, a solution of 2 : 4: 6-trimethoxybenz- 
aldoxime (5 g.) in acetic acid (80 c.c.) was added during 8 hours. The filtered solution was basi- 
fied with aqueous soldium hydroxide (NaOH, 140 g.) and the solid which separated was extracted 
with ether. The base, remaining after the removal of the ether from the dried extract, had b. p. 
165°/12 mm. and crystallised in the receiver. It separated from ligroin (b. p. 60—80°) in 
somewhat hygroscopic needles, m. p. 59—60° (Found: C, 61-2; H, 7-3; N, 7:3. C,9H,,O,;N 
requires C, 60-9; H, 7-6; N, 7:1%). The hydrochloride crystallised from dilute hydrochloric acid 
in hygroscopic rosettes of needles, m. p. 92° (Found: N, 3-8; Cl, 10-0. C,9H,,0,N,HCI,7H,O 
requires N, 3-9; Cl, 99%). The acetyl derivative crystallised from methyl alcohol in fine 
needles, m. p. 153—154° (Found: C, 59-9; H, 7-1. C,,H,,O,N requires C, 60-2; H, 7-1%). 

After distillation of the base a small high-boiling residue remained; this consisted of the 
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secondary amine. It was obtained as the main product when the oxime (9-2 g.) in acetic 
acid (100 c.c.) was shaken with hydrogen in the presence of palladium—norit for 16 hours. 
2:4:6:2':4: 6'-Hexamethoxydibenzylamine crystallised from ether—benzene in large cubes, 
m. p. 118—119° (Found: C, 63-9; H, 7-5. C,9H,,O,N requires C, 63-7; H, 7-2%). 

2:4:6:2': 4’: 6’-Hexamethoxydiphenylmethane.—(i) To a solution of the primary base 
(4-2 g.) in acetic acid (2-1 g.) and water (20 c.c.), a concentrated aqueous solution of sodium 
nitrite (1-6 g.) was slowly added. The evolution of gas was slight at room temperature, although 
the solution clouded slightly, but was vigorous on the water-bath and a brown oil separated. 
After 1 hour aqueous sodium hydroxide (NaOH, 5 g.) was added, and the solution boiled for 
15 minutes. The cooled alkaline solution was extracted with ether, which left much tar un- 
dissolved ; evaporation of the dried extract yielded a viscid yellow oil (2-5 g.), which crystal- 
lised on trituration with a little ether. The diphenylmethane crystallised from ether—benzene 
in long needles, m. p. 116—117°, unchanged by further crystallisation [Found : C, 65-3; H, 6-7; 
OMe, 51-1. C,3;H,(OMe), requires C, 65-5; H, 6-9; OMe, 53-4%]. Acidification of the alkaline 
solution gave a crystalline solid (0-4 g.), decomp. 127°, which decomposed with evolution of 
nitrous fumes on attempted crystallisation. 

(ii) Condensation of phloroglucinol trimethyl ether and formaldehyde. To a solution of the tri- 
methyl ether (1 g.) and formalin solution (40%; 1 g.) in alcohol, a few drops of piperidine 
acetate were added and the mixture was heated on the water-bath for 3 hours. After the 
addition of water the precipitated oil was dissolved in ether, and the ethereal extract washed 
with dilute sulphuric acid and aqueous sodium carbonate; after removal of the ether the oil 
was distilled in steam to remove the unchanged trimethyl ether (0-1 g.). The non-volatile 
residue (0-8 g.) was shaken with ether, which left undissolved an amorphous solid (0-3 g.); 
evaporation of the ethereal extract gave an oil (0-4 g.), which crystallised on trituration with 
ligroin. After recrystallisation from ligroin (b. p. 60—80°) or ether—benzene 2: 4: 6: 2’: 4’: 6’- 
hexamethoxydiphenylmethane was obtained, m. p. 116—117° alone and in admixture with the 
substance described above. 

Reduction of 2:4: 6-Trimethoxybenzaldehyde with Aluminium isoPropoxide.—A mixture 
of the aldehyde (5 g.), aluminium isopropoxide (#4 g.), and isopropyl alcohol (50 c.c.) was distilled, 
the volume of the liquid being kept constant by addition of isopropyl alcohol, until acetone 
could no longer be detected in the distillate. After removal of the isopropyl alcohol in steam 
the residual oil was dissolved in ether, and the ethereal extract washed with sodium bisulphite 
solution to remove unchanged aldehyde and then with aqueous sodium carbonate before drying. 
Evaporation of the solvent gave a viscid gum (4-5 g.). This was converted into the 2: 4- 
dinitrophenylhydrazone, which crystallised from cyclohexyl acetate in bright red needles, m. p. 
270°, raised to 275—276° by further crystallisation (Found: C, 54-7; H, 4:8. CggH,,0,,N, 
requires C, 54-5; H, 4-9%). 


We are indebted to the Government Grants Committee of the Royal Society and to Imperial 
Chemical Industries Ltd. for grants. 
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17. Chalkones: A New Synthesis of Chrysin, Apigenin, and 


LIuteolin. 


By W. A. Hutcuins and T. S. WHEELER. 


Kostanecki’s first method for the synthesis of flavones involving treatment of o- 
acetoxychalkone dibromides with alcoholic alkali has, hitherto, not been applicable 
for the synthesis of the numerous natural flavones containing a phloroglucinol nucleus, 
since the corresponding chalkone dibromides give benzylidenecoumaranones only, 
on treatment with alcoholic alkali. The observation that o-hydroxychalkone dibromides 
in general give flavones when they are heated above the m. p. or are treated with 
alcoholic potassium cyanide has enabled the synthesis of chrysin, apigenin, and luteolin 
to be effected from the corresponding chalkone dibromides. 


KOSTANECKI’s first method for the synthesis of flavones, which involves the action of 
hot alcoholic alkali on dibromides (I) of o-hydroxy- or o-acetoxy-phenyl styryl ketones, 
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is limited in its application, as instead of flavones (II), the isomeric 1-benzylidenecoumaran- 
2-ones (III) are frequently obtained. The dibromides which give (III) are derived either 
(A) from o-hydroxyphenyl #-alkoxystyryl ketones or (B) from chalkones prepared from 
2-hydroxy-4 : 6-dialkoxy- or -3 : 4-dialkoxy-acetophenones (Cullinane and Philpott, J., 
1929, 1761; Price and Bogert, J. Amer. Chem. Soc., 1934, 56, 2442). Nadkarni, Warriar, 
and Wheeler (J., 1937, 1798) showed that with chalkone dibromides of the type (A), the 
«-bromo-f-alkoxy-8-p-alkoxyphenylethyl ketones (IV), formed in the presence of the hot 
alcohol owing to the mobility of the 6-bromine atom in the f-alkoxy-compounds, give 
(III) with alkali, but that the flavone could be obtained from (I; type A) by heating above 
the m. p. or by treatment with aqueous alkali in presence of acetone. The compound 
(IV), on the other hand, gave (III) with acetone and aqueous alkali, but the flavone when 
heated above the m. p. or with pyridine. It has now been found that alcoholic potassium 
cyanide will convert (I; type A) and (IV) into flavones. 

The production of (III) from 2-hydroxy-4 : 6-dialkoxypheny]l styryl ketone dibromides 
(I; type B) does not depend on the formation of (IV), as the presence of alcohol is found 
not to be essential; the action of pyridine in some instances or of aqueous alkali in acetone 
yields (III). Here the phenomena appear to be due to the labile nature of the 8-bromine 
atom in the dibromide: thus Kostanecki and Tambor (Ber., 1899, 32, 2260) found that 
the dibromide of 6-bromo-2-acetoxy-4 : 6-dimethoxyphenyl 3 : 4-methylenedioxystyryl 
ketone was unstable, the 6-bromine atom being at once eliminated to give the corresponding 
a-bromostyryl ketone, which with alkali yields (III). It has now been observed that 5 : 7- 
dialkoxyflavones can be obtained by heating (I; type B) above the m. p. or with potassium 
cyanide in alcohol. 

The chalkone dibromides required in the synthesis of many natural hydroxyflavones 
belong to both (A) and (B) types, being 2-hydroxy-4 : 6-dialkoxyphenyl «$-dibromo-f-- 
alkoxyphenylethyl ketones, so direct application of the Kostanecki method failed in the 
synthesis of some of these flavones (Kostanecki and Tambor, Joc. cit.; Cullinane and 
Philpott, loc. cit.). The application of the considerations outlined above has now enabled 
chrysin (5: 7-dihydroxyflavone), apigenin (5:7: 4'-trihydroxyflavone), and luteolin 
(5: 7: 3’: 4’-tetrahydroxyflavone) to be synthesised from the corresponding chalkones 
by the dibromide method. The work has been facilitated by the observation that better 
yields are obtained in the demethylation of 2:4: 6-trimethoxyacetophenone to 2- 
hydroxy-4 : 6-dimethoxyacetophenone by the use of cold hydriodic acid in acetic anhydride 
or of hydrogen bromide in acetic acid in place of anhydrous aluminium chloride hitherto 
employed (Hutchins and Wheeler, Current Science, 1938, 6, 604). 

Bromination of 2-hydroxy-4 : 6-dimethoxyphenyl styryl ketone gave 5-bromo-2- 
hydroxy-4 : 6-dimethoxyphenyl aB-dibromo-B-phenylethyl ketone (V), in which the position 
of the nuclear bromine is assumed by analogy with the results of previous investigations 
(cf. Cullinane and Philpott, loc. cit.; Nadkarni and Wheeler, J. Univ. Bombay, 1937, 
6, ii, 107); this compound, when heated above the m. p. under reduced pressure, gave 
6-bromo-5 : 7-dimethoxyflavone, from which chrysin was obtained by treatment with hydri- 
odic acid. The bromo-flavone was also prepared by heating 5-bromo-2-acetoxy-4 : 6- 
dimethoxyphenyl «$-dibromo-§-phenylethyl ketone (VI) (Kostanecki and Tambor, Joc. 
cit.). Both (V) and (VI) on treatment with hot pyridine gave 4-bromo-3 : 5-dimethoxy- 
1-benzylidenecoumaran-2-one, previously prepared by Kostanecki and Tambor (loc. cit.) 
by the action of hot aqueous alcoholic alkali on (VI). 

The synthesis of apigenin and luteolin followed similar lines. It may be mentioned, 
however, that 5-bromo-2-hydroxy-4 : 6-dimethoxyphenyl «B-dibromo-B-p-anisylethyl ketone 
on treatment with hot pyridine eliminated bromine to give 5-bromo-2-hydroxy-4 : 6-di- 
methoxyphenyl p-methoxystyryl ketone. In the synthesis of luteolin it was found advan- 
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tageous to prepare 6-bromo-5 : 7 : 3’ : 4'-tetramethoxyflavone by heating 5-bromo-2-hydroxy- 
4 : 6-dimethoxyphenyl «6-dibromo-B-3 ::4-dimethoxyphenylethyl ketone with alcoholic potas- 
sium cyanide rather than directly above the m. p. under reduced pressure. 


EXPERIMENTAL. 


Phloroacetophenone 4 : 6-dimethyl ether (4-5 g.) separated from a solution of the trimethyl 
ether (5 g.) in acetic anhydride (40 c.c.) which had been treated in the cold with hydriodic 
acid (d 1-7; 40 c.c.), kept overnight at room temperature, and poured into aqueous sodium 
hydrogen sulphite. Demethylation with aluminium chloride (Kostanecki and Tambor, loc. cit.) 
gave 30% less product. 

Synthesis of Chrysin.—5-Bromo-2-hydroxy-4 : 6-dimethoxyphenyl aB-dibromo-B-phenylethyl 
ketone, which remained as a residue after evaporation of the solvent from a solution of 2-hydroxy- 
4 : 6-dimethoxyphenyl styryl ketone (10 g.) (Kostanecki and Tambor, loc. cit.) in carbon di- 
sulphide (150 c.c.), which had been treated with bromine (11-5 g.) at 0° and kept at room temper- 
ature for 1 hour, separated from carbon tetrachloride (charcoal) in yellow needles (7 g.), m. p. 
186° (Found: Br, 45-5. C,,H,,0,Br, requires Br, 45-9%). When this dibromide (V) or its 
acetyl derivative (VI) (Kostanecki and Tambor, Joc. cit.) was heated at 195° (oil-bath)/7 mm. 
until hydrogen bromide ceased to be evolved, it formed 6-bromo-65 : 7-dimethoxyflavone, which, 
after it had been washed with alcohol—acetone and repeatedly crystallised from chloroform, 
separated from acetone in yellow needles, m. p. 242° (Found: Br, 22-7. C,,H,,;0,Br requires 
Br, 22:2%). A mixture of this bromo-flavone (2 g.), acetic anhydride (40 c.c.), and hydriodic 
acid (d 1-7; 40 c.c.) which had been heated under reflux for 2 hours gave, on being poured 
into aqueous sodium hydrogen sulphite, a precipitate, which separated from alcohol in needles, 
m. p. 272—275° (diacetyl derivative, m. p. 185—186°; lit., 185°), not depressed by a specimen 
of authentic chrysin (m. p. 275°) kindly supplied by Dr. K. Venkataraman. Sublimation 
under reduced pressure also provided a satisfactory method for the purification of crude chrysin 
(cf. Seka and Prosche, Monaish., 1936, 69, 284). 

4-Bromo-3 : 5-dimethoxy-1-benzylidenecoumaran-2-one, m. p. 251° (Found: Br, 22-4. 
Calc. for C,,H,,0,Br: Br, 22-2%), separated from an alcoholic suspension of (V) or (VI) which 
had been treated with hot or cold aqueous sodium hydroxide (10%). Acetone and aqueous 
alkali gave the same result. The same substance crystallised from a solution of either (V) 
or (VI) in pyridine, which had been boiled for 5 minutes and diluted with alcohol. Kostanecki 
and Tambor (loc. cit.), who prepared it by the action of hot aqueous alcoholic alkali on (VI), 
give m. p. 223°. , 

Synthesis of Apigenin.—5-Bromo-2-hydroxy-4 : 6-dimethoxyphenyl aB-dibromo-8-p-anisylethyl 
ketone, which separated from carbon tetrachloride-chloroform in yellow needles, m. p. 165° 
(Found: Br, 43-6. C,,H,,0O,Br, requires Br, 43-4%), was prepared by bromination of the 
corresponding chalkone (Kostanecki and Tambor, Ber., 1904, 37, 792) in the manner described 
above for the phenylethyl analogue. When heated above the m. p. at 7 mm., it formed 6- 
bromo-5 : 7: 4'-trimethoxyflavone (Found: Br, 20-4. C,,H,,0,;Br requires Br, 20-5%), which, 
after it had been extracted with alcohol and chloroform, crystallised from chlorobenzene in 
yellow needles, m. p. 250°. It gave apigenin (m. p. 345—346° ; lit., ca. 347°; triacetyl derivative, 
m. p. 185—187°; lit., 181—182°, 186°. Found: C, 63-9; H, 4-2. Calc. for C,,H,,0,: C, 
63-6; H, 40%) on demethylation and debromination with hydriodic acid in acetic anhydride 
as described above for chrysin. 

4-Bromo-3 : 5-dimethoxy-1-anisylidenecoumaran-2-one separated from an alcoholic suspension 
of the foregoing bromotrimethoxychalkone dibromide (1 g.) which had been treated with 
aqueous sodium hydroxide (10%; 2-.c.). It crystallised from chloroform—methyl alcohol in 
yellow needles, m. p. 243°; with sulphuric acid it gave a red coloration (Found: C, 55-7; H, 
4-1. C,,H,,0O,Br requires C, 55:2; H, 3-8%). When the same chalkone dibromide was 
heated with pyridine for 10 minutes, it yielded a product containing halogen, which separated 
from chloroform—methy] alcohol in orange needles, m. p. 184—185°. It gave a dark coloration 
with alcoholic ferric chloride, and a yellow coloration with sulphuric acid; analysis and pro- 
perties showed it to be 5-bromo-2-hydroxy-4 : 6-dimethoxyphenyl p-methoxystyryl ketone (Found : 
C, 55-0; H, 4:5. C,,H,,O,Br requires C, 55-0; H, 43%), side-chain bromine having been 
eliminated by the action of pyridine. 

Synthesis of Luteolin.—5-Bromo-2-hydroxy-4 : 6-dimethoxyphenyl af-dibromo-B-3 : 4-dimeth- 
oxyphenylethyl ketone, which was prepared as described above for the analogous compounds 
(for parent chalkone, see Kostanecki and Tambor, loc. cit.) and separated from chloroform— 
light petroleum in orange needles, m. p. 165° (Found: Br, 41-7. C,,H,,O,Br, requires Br, 
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41-2%), gave after it had been heated at 190° under reduced pressure 6-bromo-5 : 7: 3’: 4’- 
tetramethoxyflavone, which separated from chloroform in yellow needles, m. p. 258° (Found : 
Br, 18-8. C,,H,,O,Br requires Br, 19-0%). This compound was better obtained by heating 
the tetramethoxychalkone dibromide for 2 hours with excess of alcoholic potassium cyanide 
and diluting the resulting solution. Debromination and demethylation with hydriodic acid 
as described above yielded luteolin, which after purification by sublimation under reduced 
pressure formed yellow needles, m. p. 325—326° (lit., 327—-329°; tetra-acety! derivative, 
m. p. 225—226°; lit., ca. 224°. Found: C, 61-0; H, 4-1. Calc. for C,3H,,0,,: C, 60-7; 
H, 4:0%). 


Roya. INSTITUTE OF SCIENCE, BoMBay. [Received, November 10th, 1938.] 





18. Chalkones: Reactivity of Aryl o-Alkoxystyryl Ketone Dibromides 
and the Synthesis of Flavones therefrom. 


By N. A. BHAGwaT and T. S. WHEELER. 


Aryl §: 2-dialkoxystyryl ketones (II), which are readily obtained from the 
corresponding chalkone dibromides, yield flavones on treatment with hydrogen 
bromide in acetic acid. These dibromides undergo many of the reactions already 
described for aryl p-alkoxystyryl ketone dibromides (J., 1937, 1798); in both the o- 
and the p-alkoxystyryl dibromides, the side-chain halogen atom adjacent to the 
nucleus containing the alkoxy-group is replaced by alkoxyl on treatment with 
alcohols. 


ARYL 6 : 2-dialkoxystyryl ketones (II), which are readily obtained from the corresponding 
chalkone dibromides (I) (cf. Nadkarni, Warriar, and Wheeler, J., 1937, 1798) by treatment 
with alcoholic sodium alkoxide, pass directly into flavones (IV) under the action of 
hydrogen bromide in acetic acid. Isolation of the intermediate diketones (III) is 
unnecessary (cf. Algar and Hanway, Proc. Roy. Irish Acad., 1934, 42, B, 9). This method 
for the synthesis of flavones may sometimes be preferable to the usual Kostanecki method 
involving the dibromides of o-hydroxyaryl styryl ketones; there is no possibility of 
formation of benzylidenecoumaranones (cf. Nadkarni e¢ al., loc. cit.), and the o-alkoxy- 
arylaldehydes required in the synthesis of (I) are, on the whole, more readily obtainable 
than o-hydroxyacetophenones. 

The reactivity of (I) has also been examined on the lines followed by Nadkarni e¢¢ al. 
(loc. cit.) with similar results. Of interest is the observation that the bromine atom in 
bromodiaroylmethanes, R’*CO-CHBr-COR, is strongly positive, and is replaced by 
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hydrogen on treatment with hydrogen bromide in acetic acid, with potassium iodide in 
aqueous acetone, or with alcoholic potassium cyanide (cf. Nicolet, J. Amer. Chem. Soc., 
1921, 43, 2081). 

EXPERIMENTAL. 


Chalkones.—The following chalkones were prepared from the corresponding acetophenones 
and aldehydes in presence of alcoholic alkali (Sorge, Ber., 1902, 35, 1069) : phenyl] o-methoxy- 
styryl ketone (1) (Pfeiffer, Annalen, 1916, 412, 308); phenyl 5-bromo-2-methoxystyryl ketone (2), 
which separated from alcohol with 2H,O and had, after drying at 70°/12 mm., m. p. 110° 
[Found: H,O, 10-4; Br (in dried material), 25-2. C,,.H,,0,Br,2H,O requires H,O, 10-2%. 
C,.H,,;0,Br requires Br, 25-3%]; p-tolyl o-methoxystyryl ketone (3) was obtained only as a 
paste, which, however, gave (8) (see below); and phenyl m-methoxystyryl ketone (4) (Bauer 
and Vogel, J. pr. Chem., 1913, 88, 334). All these chalkones are yellow. 

Bromination of the Chalkones.—The respective chalkones gave the following dibromides on 
treatment with bromine (1 mol.) in cold carbon tetrachloride or glacial acetic acid: phenyl 
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«f-dibromo-8-o-anisylethyl ketone (5) (Auwers and Brink, Annalen, 1932, 498, 218); phenyl 
af-dibromo-B-5-bromo-o-anisylethyl ketone (6), m. p. (benzene) 158° (Found: Br, 50-4. 
C,.H,,;0,Br, requires Br, 50-2%); and phenyl aB-dibromo-B-m-anisylethyl ketone (7), m. p. 
(aqueous acetone) 122° (Found: Br, 40-2. C,,H,,0,Br, requires Br, 40-2%); (3) with 
bromine (1 mol.) gave a paste only. 

The o-alkoxystyryl ketones and their dibromides are readily brominated in the 5-position 
in the alkoxystyryl nucleus; thus (6) was directly obtained from (1) by treatment with 
bromine (2 mols.) in warm glacial acetic acid; this result establishes the position in which 
the bromine atom enters the nucleus. p-Tolyl af-dibromo-$-5-bromo-o-anisylethyl ketone (8), 
m. p. (benzene) 159—160° (Found: Br, 49-0. C,,H,;0,Br, requires Br, 48-9%), was similarly 
obtained from (3). Nuclear bromination of (4) occurs in the 6-position in the 3-alkoxyphenyl 
nucleus (see Bauer and Vogel, loc. cit.). 

Action of Potassium Iodide on the Dibromides.—Iodine separated when (5) or (6) was boiled 
with potassium iodide in aqueous acetone for 3 hours, and the solution yielded (1) or (2) 
respectively on dilution. 

Action of Alcohol on the Dihalides.—The o-alkoxy-group, like the p-alkoxy-group (cf. 
Nadkarni et al., loc. cit.), renders labile the side-chain halogen atom adjacent to the alkoxy- 
phenyl nucleus (I*). Phenyl «-bromo-f-ethoxy-$-o-anisylethyl ketone (9) separated as a paste 
from a solution of (5) in ethyl alcohol, which had been boiled for 5 hours and filtered hot. Its 
constitution followed from the fact that, when heated with hydrogen bromide in acetic acid 
for 3 hours, the side-chain alkoxy-group was replaced by bromine, (5) being re-formed (cf. 
Nadkarni et al., loc. cit.). Further, (9) evolved alcohol when heated at 225°/10 mm. and gave 
phenyl a-bromo-o-methoxystyryl ketone (10), m. p. (alcohol) 106° (Found: Br, 25°8. C,,.H,;0,Br 
requires Br, 253%). 

Action of Pyridine on the Chalkone Dibromides.—As with other chalkone dibromides, 
treatment with hot pyridine yielded yellow a-bromostyryl derivatives. Thus (10) separated 
when (5) was heated with pyridine at the b. p. for 20 seconds and the solution diluted with 
alcohol; before crystallisation it was washed with dilute hydrochloric acid and with water. 
Phenyl « : 5-dibromo-o-methoxystyryl ketone (11), m. p. (alcohol) 103—104° (Found: Br, 40-2. 
C,,H,,0,Br, requires Br, 40°4%), p-tolyl a: 5-dibromo-o-methoxystyryl ketone (12), m. p. 
(alcohol) 127° (Found: Br, 38-8. C,,H,,0,Br, requires Br, 39-0%), and phenyl a-bromo-m- 
methoxystyryl ketone, m. p. (alcohol) 100—101° (Found: Br, 25-4. C,,H,,0,Br requires Br, 
25-3%), were similarly prepared from (6), (8) and (7) respectively. Compounds (6) and (8) 
were regenerated when (11) and (12) were kept overnight in solution in glacial acetic acid 
containing hydrogen bromide. 

Preparation of Aryl B-Methoxystyryl Ketones.—Phenyl 5-bromo-8 : 2-dimethoxystyryl ketone 
(13), m. p. (methyl alcohol) 122° (Found: Br, 23-4. C,,H,,;0,;Br requires Br, 23-1%), 
separated from a solution of (6) (8 g.) and sodium methoxide (1 g. of sodium) in methyl] alcohol 
(120 c.c.) which had been heated under reflux for 2 hours and diluted with water. Phenyl 
5-bromo-2-methoxy-B-ethoxystyryl ketone, m. p. (alcohol) 127° (Found: Br, 21-8. C,,H,,O,Br 
requires Br, 22-2%), p-tolyl 5-bromo-B : 2-dimethoxystyryl ketone (14), m. p. (methyl alcohol) 96° 
(Found: Br, 22-6. C,,H,,O,;Br requires Br, 22-2%), p-tolyl 5-bromo-2-methoxy-B-ethoxystyryl 
ketone, m. p. (alcohol) 113° (Found: Br, 21-2. C,,H,,O,Br requires Br, 21-3%), phenyl 
6-bromo- : 3-dimethoxystyryl ketone, m. p. (methyl alcohol) 93° (Found: Br, 23-1. C,,H,,;0,Br 
requires Br, 23-1%), and phenyl 6-bromo-3-methoxy-B-ethoxystyryl ketone, m. p. (alcohol) 96° 
(Found: Br, 22-1. C,sH,,O,Br requires Br, 22-2%), were similarly prepared from the 
corresponding chalkone dibromides and alkali alkoxide. 

Preparation of 1 : 3-Diketones.—The oily suspension obtained by adding water (100 c.c.) to 
a solution of (6) (20 g.) and sodium ethoxide (2-4 g. of sodium) in ethyl alcohol (80 c.c.), which 
had been boiled under reflux for 14 hours, gave a yellow solid (9-4 g.) after it had been heated 
at 100° with concentrated hydrochloric acid (10 c.c.) for 2 hours. The product, benzoyl-5- 
bromo-o-anisoylmethane (15), m. p. (alcohol) 96° (Found: Br, 23-7. C,,H,,;0,Br requires Br, 
24-0%), separated from alcohol in yellow needles and gave a deep violet colour with alcoholic 
ferric chloride. 5-Bromo-o-anisoyl-p-toluoylmethane (16), m. p. (alcohol) 122° (Found: Br, 
23-4. C,,H,,0,;Br requires Br, 23-1%), was similarly prepared from (8), sodium methoxide 
being used. Bromobenzoyl-5-bromo-o-anisoylmethane (17), m. p. (aqueous acetone) 166° (Found : 
Br, 38-8. C,,H,,0O,Br, requires Br, 38-9%), separated when a current of air, which had 
previously been passed through a solution of bromine (5 g.) in chloroform (10 c.c.), was led at 
0° into a solution of (15) (10 g.) in chloroform (30 c.c.), which was then evaporated. Bromo-5- 
bromo-o-anisoyl-p-toluoylmethane (18), m. p. (alcohol) 178° (Found: Br, 37-2. C,,H,,0,Br, 
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requires Br, 37-5%), was similarly prepared from (16) (cf. Neufville and Pechmann, Ber., 1890, 
23, 3375). The positive nature of the side-chain bromine atom in (17) and (18) has been 
mentioned in the introduction. 

Preparation of Flavones.—6-Bromoflavone, m. p. and mixed m. p. with an authentic 
sample, 192—193° (Kostanecki and Ludwig, Ber., 1898, 31, 2951, give m. p. 189—190°), 
separated when water was added to a solution of (13) (4 g.) in glacial acetic acid (40 c.c.) 
containing hydrogen bromide, which had been kept overnight; (15) and (17) treated in the 
same way yielded the same product (Found: Br, 26-9. Calc. for C,;H,O,Br: Br, 26-6%). 
6-Bromo-4'-methylflavone, similarly prepared from (14), had m. p. (alcohol) 197° (Found: Br, 
25-5. C,,H,,0,Br requires Br, 25-4%). The bromine atom in these bromoflavones is not 
replaced by hydrogen on treatment with hydriodic acid, being in this respect different from 
the bromine atom in 6-bromo-5 : 7-dimethoxyflavones (cf. Hutchins and Wheeler, Current Sci., 
1938, 6, 605). 


Roya INSTITUTE OF SCIENCE, BoMBAY. [Received, November 23rd, 1938.] 





19. Chalkones-: Reactivity of N aphthyl p-Alkoxystyryl Ketones and 
their Dihalides. 


By G. V. DESHMUKH and T. S. WHEELER. 


The reactivity of some naphthyl p-alkoxystyryl ketones and their halides has 
been examined on lines previously described for chalkones of the benzene series 
(J., 1937, 1798). The synthesis of some naphthalene analogues of chalkone de- 
rivatives is described. 


NADKARNI, WARRIAR, and WHEELER (J., 1937, 1798) examined the reactivity of some 
phenyl #-alkoxystyry! ketones and their dihalides towards various reagents: the work 
has now been extended to chalkones of the naphthalene series, and the synthesis of some 
naphthalene analogues of chalkone derivatives effected. 

Some reactions of phenyl 6-bromo-3 : 4-methylenedioxystyryl ketone (Dodwadmath 
and Wheeler, Proc. Indian Acad. Sct., 1935, 2, 438) and of its derivatives are also described. 
It has been found that phenyl a-bromo-f-ethoxy-8-(6-bromo-3 : 4-methylenedioxypheny])- 
ethyl ketone (I) (Dodwadmath and Wheeler, /oc. cit.), treated with sodium methoxide in 
methyl alcohol, gives phenyl 6-bromo--methoxy-3 : 4-methylenedioxystyryl ketone (IV) and 
that the corresponding §-methoxyphenylethyl ketone with alcoholic sodium ethoxide 
yields the §-ethoxystyryl derivative. This interchange of alkoxyl with elimination of 
hydrogen bromide probably occurs with intermediate formation of an «-bromostyryl com- 
pound (II) and of an acetylenic compound (III) (cf. Dufraisse and his collaborators, Compt. 
rend., 1922, 174, 1631; 1924, 178, 573; Nadkarni et al., loc. cit.) : 


R-CO-CHBr-CH(OEt)R’ —~+> [R-CO-CBr:CHR’] —> 
(I.) (II.) 
(III.) [R*CO-C:CR’] —> R-CO-CH:C(OMe)R’  (IV-) 
[R = Ph; R’ = C,H,Br(CH,0,)] 


EXPERIMENTAL. 


Chalkones.—Phenyl 6-bromo-3 : 4-methylenedioxystyryl ketone (1) (Dodwadmath and 
Wheeler, loc. cit.) and 1-hydroxy-2-naphthyl 6-bromo-3 : 4-methylenedioxystyryl ketone (2), m. p. 
(carbon tetrachloride): 210° (Found: Br, 20-3. C, .H,,0,Br requires Br, 20-2%), were pre- 
pared from 6-bromopiperonal and the corresponding acetophenones in presence of alcoholic 
alkali (Sorge, Ber., 1902, 35, 1069). 1-Acetoxy-2-naphthyl 6-bromo-3 : 4-methylenedioxystyryl 
ketone (3), prepared from (2) by treatment with acetic anhydride and fused sodium acetate, 
had m. p. (carbon tetrachloride) 173—174° (Found : Br, 18-4. C,,H,,0,;Br requires Br, 18-3%). 
1-Methoxy-2-naphthyl 6-bromo-3 : 4-methylenedioxystyryl ketone (4), m. p. (alcohol-acetone) 144— 
145° (Found: Br, 19-2. C,,H,,0O,Br requires Br, 19°-5%), separated on dilution of a suspension 
of (2) (10 g.) in acetone (200 c.c.), which had been carefully treated with methyl sulphate (7 g.) 
and aqueous potassium hydroxide (40% ; 25c.c.) and heated under reflux for lhour. Compound 
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(4) was also prepared from 6-bromopiperonal and 1-methoxy-2-acetylnaphthalene in the usual 
way. Compound (2) separated from a solution of (4) in glacial acetic acid containing hydrogen 
bromide which had been kept for 12 hours and poured into aqueous sodium hydrogen sulphite. 
All these chalkones are yellow. 

Condensation of Chalkones with Ethyl Acetoacetate-——Ethyl 4-phenyl-6-(6'-bromo-3’ ; 4’- 
methylenedioxyphenyl)-A’-cyclohexen-2-one-1-carboxylate (12 g.),m. p. (alcohol—acetone) 133—134° 
(Found: Br, 17:5. C,,H,,O;Br requires Br, 18-0%), separated on dilution of a solution of 
sodium ethoxide (1-4 g. of sodium), ethyl acetoacetate (8 g.), and (1) (10 g.) in alcohol, which 
had been heated under reflux for 3 hours. Ethyl 4-(1'-hydroxy-2'-naphthyl)-6-(6"-bromo- 
3” : 4’'-methylenedioxyphenyl)-A*-cyclohexen-2-one-1-carboxylate, m. p. (alcohol—acetone) 219— 
220° (Found: Br, 15-8. C,,H,,O,Br requires Br, 15-7%), was similarly prepared from (2). 

Halogenation of the Chalkones.—4-Bromo-1-hydroxy-2-naphthyl 6-bromo-3 : 4-methylenedioxy- 
styryl ketone, m. p. (carbon tetrachloride) 249° (Found: Br, 33-5. C,9H,,O,Br, requires Br, 
33-6%), separated from a suspension of (2) (10 g.) in chloroform (50 c.c.) and carbon disulphide 
(50 c.c.), which had been treated at 0° with a solution of bromine (1 mol.) in carbon disulphide 
(25 c.c.) and kept overnight at 0°, and the solvent evaporated. Substitution preceding addition 
is not found with chalkones containing phenyl groups only (cf. Dean and Nierenstein, J. Amer. 
Chem. Soc., 1925, 47, 1682). The position of the nuclear bromine atom is fixed by analogy 
with the results obtained by Torrey and Brewster (J. Amer. Chem. Soc., 1909, 31, 1323) on 
bromination of 2-acetyl-l-naphthol. Twice the quantity of bromine being used, (2) and (4), 
treated as described above, yielded, respectively, 4-bromo-1-hydroxy-2-naphthyl aB-dibromo-B- 
(6-bromo-3 : 4-methylenedioxyphenyl)ethyl ketone (5), m.’p. (carbon tetrachloride) 215—216° 
(Found: Br, 49-8. C,.H,,0O,Br, requires Br, 50°3%), and 4-bromo-1-methoxy-2-naphihyl 
af-dibromo-B-(6-bromo-3 : 4-methylenedioxyphenyl)ethyl ketone (6), m. p. (benzene—light petroleum) 
187—188° (Found: Br, 49-0. C,,H,,0,Br, requires Br, 49-2%). Compound (3) with 1 mol. 
of bromine gave 1-acetoxy-2-naphthyl «aB-dibromo-B-(6-bromo-3 : 4-methylenedioxyphenyl)ethyl 
ketone (7), m. p. (benzene-light petroleum) 184° (Found: Br, 40-1. C,,H,;0,;Br, requires 
Br, 40-1%), the acetoxy-group inhibiting nuclear substitution. Phenyl a$-dichloro-B-(6-bromo- 
3: 4-methylenedioxyphenyljethyl ketone (8), prepared from (1) by treatment with chlorine (1 
mol.) in glacial acetic acid, had m. p. (benzene-light petroleum) 149—150° (Found: halogen, 
37-9. C,,H,,0,Cl,Br requires halogen, 37-6%). 

These dihalides readily react with ammonia. Phenyl 6-bromo-B-amino-3 : 4-methylenedi- 
oxystyryl ketone, m. p. (alcohol) 153° (Found: Br, 23-4. C,,H,,O,;NBr requires Br, 23-1%), 
separated from a suspension of phenyl af-dibromo-f-(6-bromo-3 : 4-methylenedioxyphenyl)- 
ethyl ketone (9) (Dodwadmath and Wheeler, Joc. cit.) in concentrated alcoholic ammonia which 
had been kept for 5 days (cf. Ruhemann and Watson, J., 1904, 85, 1173, 1181, 1323). 

8-Benzoyl-a-(6-bromo-3 : 4-methylenedioxyphenyl)propionitrile, m. p. (alcohol) 120° (Found : 
N, 4:1; Br, 22-2. C,,H,,O,NBr requires N, 3-9; Br, 22-3%), separated on dilution of a cold 
alcoholic solution of (9) containing potassium cyanide, which had been heated under reflux for 
3 hours. 

Action of Alcohols on Naphthalene Chalkone Halides.—As with chalkones of the benzene 
series, so in the naphthalene series, the B-halogen atom adjacent to a p-alkoxyphenyl nucleus 
is reactive towards alcohols (cf. Nadkarni et al., loc. cit.). 4-Bromo-l-methoxy-2-naphthyl a- 
bromo-B-ethoxy-B-(6-bromo-3 : 4-methylenedioxyphenyl)ethyl ketone (10), m. p. (alcohol) 126—127° 
(Found: Br, 38-9. C,3;H,,O,Br, requires Br, 39-0%), separated from a cold alcoholic solution 
of (6), which had been heated under reflux for 6 hours. 4-Bromo-1-methoxy-2-naphthyl a-bromo- 
B-methoxy-B-(6-bromo-3 : 4-methylenedioxyphenyl)ethyl ketone, m. p. (methyl alcohol) 150—151°, 
was similarly prepared by means of methyl alcohol (Found: Br, 40-1. C,,H,,O,Br, requires 
Br, 39-9%). 

Action of Pyridine on the Dihalides.—4-Bromo-1-methoxy-2-naphthyl « : 6-dibromo-3 : 4- 
methylenedioxystyryl ketone, m. p. (alcohol) 127—128° (Found: Br, 42-3. C,,H,,0,Br; requires 
Br, 42:2%), separated from a solution of (6) in pyridine which had been heated for 10 minutes 
and diluted with alcohol and with water. Phenyl «  6-dibromo-3 : 4-methylenedioxystyryl ketone 
(11), m. p. (alcohol) 123—124° (Found: Br, 39:2. C,.H,,O;Br, requires Br, 39-0%), and 
phenyl «-chloro-6-bromo-3 : 4-methylenedioxystyryl ketone (12), m. p. (alcohol) 125° (Found : 
halogen, 31-9. C,,H,,O,;ClBr requires halogen, 31-6%), were also prepared from (9) and (8) 
respectively. These a-halogenostyryl ketones are yellow. 

1 : 3-Diphenyl-5-(6'-bromo-3' : 4'-methylenedioxyphenyl)pyrazole, m. p. (alcohol) 163—164° 
(Found: Br, 19-3. C,,H,,0,N,Br requires Br, 19-1%), separated as an oil from mixed solutions 
of phenylhydrazine (1 g.) in acetic acid (25 c.c.), and of (11) or (12) (2 g.) in alcohol (25 c.c.), 

H 
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which had been heated together under reflux for 4 hours; it solidified after it had been kept 
at 0° for 12 hours (cf. Auwers and Hiigel, J. pr. Chem., 1935, 143, 157). 

Action of Sodium Alkoxide on Dihalides.—The chalkone dihalides not containing hydroxyl 
ortho to the keto-group give B-alkoxystyryl derivatives on treatment with excess of alcoholic 
sodium alkoxide. Phenyl 6-bromo-B-ethoxy-3 : 4-methylenedioxystyryl ketone (13) (5 g.), m. p. 
(alcohol) 134—135° (Found: Br, 21-1. C,,H,,0,Br requires Br, 21-3%), separated from a 
solution of (9) (10 g.) and sodium ethoxide (1 g. of sodium) in alcohol (50 c.c.), which had been 
heated under reflux for 3 hours and kept at 0° for 12 hours. Phenyl 6-bromo-B-methoxy-3 : 4- 
methylenedioxystyryl ketone (14), m. p. (methyl alcohol) 79—80° (Found: Br, 22:4. C,,H,,0,Br 
requires Br, 22-2%), was similarly prepared from (9), a solution of sodium methoxide in methyl 
alcohol being used. 6-Bromo-3 : 4-methylenedioxydibenzoylmethane, m. p. (alcohol) 125—126° 
(Found: Br, 23-4. C,,H,,0O,Br requires Br, 23-1%), separated as an oil, which afterwards 
solidified, from a mixture of (13) and dilute hydrochloric acid (5%), which had been boiled for 
3 hours and kept at 0° for 12 hours. 

Compound (14) was also obtained by the action of sodium methoxide in methyl-alcoholic 
solution on phenyl «a-bromo-$-ethoxy-$-(6-bromo-3 : 4-methylenedioxyphenyl)ethyl ketone 
(Dodwadmath and Wheeler, loc. cit.), and (13) was prepared from phenyl a-bromo-$-methoxy- 
8-(6-bromo-3 : 4-methylenedioxyphenyl)ethyl ketone (Dodwadmath and Wheeler, Joc. cit.) and 
sodium ethoxide in alcoholic solution (see introduction). 

Chalkones containing hydroxyl ortho to the keto-group give flavones with alcoholic alkali 
unless a §-alkoxy-compound is intermediately formed (Nadkarni e¢ al., loc. cit.). 6 : 6’-Dibromo- 
3’ : 4'-methylenedioxy-7 : 8-benzoflavone (15), m. p. (chloroform—alcohol) above 275° (Found : 
C, 50:3; H, 2-2; Br, 34-4. Cy 9H,,O,Br, requires C, 50-6; H, 2-1; Br, 33-8), separated from 
a solution of (5) (2 g.) in alcohol or acetone, which had been treated with 2n-sodium hydroxide 
(2 c.c.) and kept for 12 hours. It gave a yellow coloration with red fluorescence with con- 
centrated sulphuric acid. Compound (15) was also obtained when (5) was heated under reduced 
pressure above the m. p. or under reflux with alcoholic potassium cyanide for 4 hours (cf. Hutchins 
and Wheeler, Current Sci., 1938, 6, 605), or with pyridine. Compound (7), similarly treated 
with aqueous-alcoholic sodium hydroxide or pyridine, gave 6'-bromo-3’ : 4'-methylenedioxy- 
7 : 8-benzoflavone, m. p. (chloroform—alcohol) 245—246° (Found: C, 60-3; H, 2-6. C,,H,,0,Br 
requires C, 60-7; H, 2-8%), which reacted similarly to (15) with concentrated sulphuric acid. 
Formation of the §-ethoxy-compound of the type of (10) by preliminary heating with alcohol 
with addition of chloroform to increase the solubility of the dibromide and promote reaction, 
leads to the production of benzylidenecoumaranones. Thus 6’-bromo-3’ : 4-’methylenedioxy-1- 
benzylidene-5 : 6-benzocoumaran-2-one, m. p. (alcohol) 264° (Found: Br, 20°5. C,).H,,O,Br 
requires Br, 20-3%), separated when the pasty mass obtained by heating (7) (2 g.) for 12 hours 
under reflux with absolute alcohol (50 c.c.) and chloroform (25 c.c.) was boiled with 2n-sodium 
hydroxide (2 c.c.) and alcohol (10 c.c.). It gave a red coloration with concentrated sulphuric 


acid. 
Royat INSTITUTE OF SCIENCE, BoMBAY. [Received, November 23rd, 1938.] 





20. Complex Formation between Polynitro-compounds and Aromatic 
Hydrocarbons and Bases. Part VII. A Further Resolution of 
4:6: 4'-Trinitrodiphenic Acid. 

By D. Li. Hammick, E. H. REYNOLDs, and G. SIXsMITH. 


The benzene compounds of the optically active 4:6: 4’-trinitrodiphenic acids 
are sparingly soluble in benzene, whereas the inactive complex cannot be prepared. 
This fact makes it. possible to effect further resolutions of the active acids obtained 


by means of quinine. 


IN a previous communication (Part II; J., 1935, 1856) it was shown that the resolution 
of 2: 4-dinitro-2’-methyldiphenyl-6-carboxylic acid with brucine (Lesslie and Turner, 
J., 1930, 1758) is incomplete, but that a further separation of inactive from levo-acid could 
be effected by repeated crystallisation from benzene. Owing to the fact that the benzene 
addition compound of the inactive acid is less soluble than that of the levo-acid, the 
mother-liquors became relatively richer in the active form. 
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We have now examined another case in which it has been possible to effect a further 
resolution of an internally impeded nitrodipheny] derivative by means of benzene. Christie 
and Kenner (J., 1926, 474) resolved 4:6: 4’-trinitrodiphenic acid with quinine and 
obtained isomers having [«];4,, + 23-1° and —15-1° in ether. We have obtained 
similar values for the quinine-resolved forms; we find, however, that repeated crystallis- 
ation of them from benzene-ether under the conditions described below yields a series of less 
soluble but more optically active complexes. Allowance being made for the benzene content 
of the addition compounds, acids were ultimately obtained with [«],,4,, + 47-8° and 
— 37-0° in ether. The relation between the solubilities of the active and the inactive 
benzene complexes is the reverse of that found in the previously recorded case, in which the . 
inactive complex was less soluble than the active form. 


EXPERIMENTAL. 


4:6: 4'-Trinitrodiphenic acid was prepared and resolved with quinine as described by 
Christie and Kenner (loc. cit.). These workers obtained the d-acid as an oil which 
solidified only after standing for several months. We find that rapid crystallisation can be 
brought about by solution in chloroform and evaporation to dryness, the operation being re- 
peated 3 or 4times. Rapid solidification of the /-acid, which is much harder to obtain than the 
d-isomer (Christieand Kenner, J., 1923,123, 785), was broughtaboutinthesamemanner. Optically 
active benzene complexes, 2C,,H,O,)N;,C,H,, were prepared by dissolving specimens of quinine- 
resolved acid of varying rotatory power in mixtures of benzene and ether (2:1 by volume), 
from which the ether was slowly distilled on the water-bath until the first signs of crystallisation 
were seen. The distilling flask was then rapidly cooled, and the crystals of benzene complex 
filtered off (Found for the d-acid complex having [«]54g; 23-14° in ether, m. p. 176° and after 
resolidification, m. p. 279—281°: C, 49:7; H, 2:5. 2C,,H,O,9N3,CgH, requires C, 49-1; H, 
2-4%). 

The molecular rotations of the crystals obtained after successive recrystallisations A, B, C, D, 
by the above technique and of the solids left after evaporation of mother-liquors were determined 
in dry ether in a 2 dcm. tube for the line 4 = 5461a. The results are collected in the table, in 
which the values for [«];4,, refer to free acid, having been corrected for the benzene content of 
the complexes by multiplying the observed rotations by the factor 1-11. 


III. IV. V. VI. VII. 
Original complex . . 26-9° 13-3° 13-1° 15-3° —14:7° 
Recrystallisation of A . , 47-1 36-0 37-0 29-6 — 33-0 
. Mother-liquor . — _ } — 
Recrystallisation of B , 48-1 45-2 —37-0 
. Mother-liquor : — —_— 
. Recrystallisation of C —_ 48-0 


. 


DQO wD 


In order to avoid complicating the presentation of the data in the table, actual rotations and 
the concentrations at which they were determined have been omitted. The measured values for 
the rotations ranged from 0-35° to 0-9° at concentrations c = ca. 0-4 g.-mol./l., giving the 
molecular rotations recorded in the table. 


THE Dyson PERRINS LABORATORY, 
UNIVERSITY OF OXFORD. [Received, November 17th, 1938.] 





21. Studies on the Esters of Sulphurous, Chlorosulphinic, and 
Chlorosulphonic Acids. Part I. 


By WILLIAM GERRARD. 


Confusing statements in the literature concerning the sequence of reactions taking 
place between thionyl chloride and a hydroxylic compound in the presence of pyridine, 
and the necessity for precise knowledge of this sequence in a more extensive investig- 
ation, led to the detailed examination described herein. Pyridine in the Darzens pro- 
cedure facilitates the formation of the sulphite, R,SO;, and not the chlorosulphinate, 
RO-SOCI1; the latter is formed by the second half of the thionyl chloride used and is 
decomposed catalytically by the pyridine hydrochloride present to form the chloride, 
RCI, and sulphur dioxide. 
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Search for a convenient method of indicating the presence of thionyl chloride in 
specimens of chlorosulphinate led to the examination of the interaction between ali- 
phatic chlorosulphinates and formic acid, which was found to result in the formation of 
the corresponding formate without the evolution of carbon monoxide. 


In an investigation which is still in progress, it became necessary to have a clear conception 
of the mechanism of the replacement of a hydroxyl group by a chlorine atom through the 
agency of thionyl chloride in the presence of pyridine (Darzens, Compt. rend., 1911, 152, 
1314), and in view of the somewhat confusing statements in the literature (Carré and Li- 
bermann, Compt. rend., 1931, 192, 1738; 1932, 195, 799; 1933, 196, 275, 865, 1419, 1807; 
1934, 198, 274; Silberrad, Review J. Soc. Chem. Ind., 1926, 45, 37, 55) it seemed desirable 
to examine the reactions in detail. 

It is now shown that the slow addition of thionyl chloride (1 mol.) to a mixture of the 
hydroxylic compound R-OH (1 mol.) and pyridine (1 mol.) results in the precipitation of 
a good specimen of pyridine hydrochloride during the addition of the first half of the 
thionyl chloride, but no further change is apparent during the addition of the second half 
of the reagent. The reaction mixture then consists of the sulphite R,SO, (0-5 mol.), white 
crystalline pyridine hydrochloride (1 mol.), and unchanged thionyl chloride (0-5 mol.). 
If the liquid is filtered and worked up, good yields of the sulphite R,SO, and pyridine 
hydrochloride result. On the other hand, if the mixture is heated on a steam-bath (Dar- 
zens’ procedure), the second half of the thionyl chloride reacts with the sulphite and forms 
the chlorosulphinate RO-SOCI, which is then catalytically decomposed by the pyridine 
hydrochloride to the chloride RCl and sulphur dioxide. This has been verified by warming 
the appropriate chlorosulphinate (alkylchlorosulphinates and ethyl «-chlorosulphinoxy- 
propionate) with a small quantity of pyridine hydrochloride and obtaining practically 
theoretical yields of the chloride R-Cl and sulphur dioxide at temperatures far below those 
required to decompose the chlorosulphinates themselves. The chloride ions supplied by 
the pyridine hydrochloride are probably the important factor in the decomposition. The 
suggested mechanism involves the co-ordination of the hydrogen atom of the hydroxyl 
group (the signs in parentheses are intended to denote tendency) : 
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Pyridine alone reacts with alkyl chlorosulphinates and ethyl «-chlorosulphinoxypro- 
pionate to give a pyridinium compound C;,H;NR‘SO,Cl and a considerably diminished 
yield of the chloride R-Cl (Gerrard, J., 1936, 688; Gerrard, Kenyon, and Phillips, J., 1937, 
153). It is now shown that the use of pyridine in excess of one molecule for one molecule 
of thionyl chloride and one molecule of hydroxylic compound (Darzens) inhibits the de- 
composition of the intermediate sulphite in proportion to the amount of pyridine used. 
For example, thionyl chloride (1 mol.) added to m-amyl alcohol (1 mol.) and pyridine 
(2 mols.) produces a mixture of ”-amyl sulphite (0-5 mol.), thionyl chloride (0-5 mol.), 
pyridine hydrochloride (1 mol.),.and pyridine (1 mol.). On being refluxed on a steam- 
bath, this mixture turns black owing to the interaction of the excess of pyridine and 
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thionyl chloride to form 4-pyridylpyridinium dichloride (Koenigs and Greiner, Ber., 1931, 
64, 1049), which leaves insufficient thionyl chloride for attack on the sulphite, much of 
which is recovered unchanged. The discoloration which occurs when the reaction mixture 
in the Darzens procedure is heated is due to the interaction of the slight excess of pyridine 
with the thionyl chloride. 

In the investigation mentioned in the first paragraph of this paper, it was further 
necessary to have some method for showing the presence or absence of unchanged thionyl 
chloride in a chlorosulphinate which cannot be distilled without decomposition. The 
chlorosulphinates, RO-SOCI, examined gave with formic acid in the cold a steady evolution 
of hydrogen chloride and sulphur dioxide, but ”o carbon monoxide, and left the correspon- 
ding formate, H-CO,R, in contrast with the interaction of formic acid with thionyl chloride 
and acyl chloride, R-COCI: 


SOCI, + H-CO,H = SO, + 2HCl + CO 
R-COCl + H-CO,H = R-CO,H + HCl + CO 


(Meyer and Turnau, Monatsh., 1913, 34, 69; Moureu, Compt. rend., 1894, 119, 337; Monatsh., 
1907, 28, 153). The mechanism suggested is : 


(+) (-) 


R-O. <—C<? R-O-COH 
o—Ss “ee at 
caf, <—H HCl 


The action of thionyl chloride on phenol was examined by Carius (Amnalen, 1859, 111, 
93), but no definite compound was isolated. Tassinari (Gazzetta, 1890, 20, 362) and Vos- 
winkel (Pharm. Z., 1895, 40, 241) obtained many products, but identified only (C,H,°OH),S. 
Carré and Libermann (Compt. rend., 1933, 196, 275) examined the reaction further and sug- 
gested the scheme : 


3C,H,-OH + 2SOCI, —> (C,H,-OH),SCI + SO, + 3HCl—> (C,H,-OH),S + C,H,Cl-OH 


(compare Courtot and Tung, Compt. rend., 1935, 200, 1541). The implication has 
developed and a definite suggestion has been made (Carré and Libermann, Compt. rend., 
1932, 195, 799) that phenyl chlorosulphinate, PhO-SOCI1, cannot be made directly from 
phenol and thiony] chloride as in the preparation of alkyl chlorosulphinates. This, however, 
is not so. The present author has prepared pure phenyl chlorosulphinate in this way. 


EXPERIMENTAL. 


Interaction of Thionyl Chloride, in the Presence of Pyridine, with n-Butyl Alcohol, n-Amyl 
Alcohol, and Ethyl Lactate-—(a) Equimoleculay quantities. (i) n-Butyl alcohol. Thionyl 
chloride (60 g.; 1 mol.) was added slowly to a well-stirred mixture of »-butyl alcohol (37 g.; 
1 mol.) and pyridine (40 g.; 1 mol.) at 0°. The product consisted of crystalline pyridine hydro- 
chloride (1-0 mol.), which separated during the addition of the first 0-5 mol. of thionyl chloride, 
and a colourless supernatant ‘iquid containing ”-butyl sulphite (0-5 mol.) and unchanged thionyl 
chloride (0-5 mol.). The pyridine hydrochloride was washed with dry ether and placed on a 
porous plate in a vacuum desiccator; yield, 55 g., 96% (Found: Cl, 29-9. Calc.: Cl, 30-7%). 
The filtrate, mixed with the ethereal washings and worked up, yielded practically nothing but 
n-butyl sulphite, b. p. 116°/19 mm., dj®* 0-9939 (Found: S, 16-3. Calc.: S, 16-4%); yield, 
38-8 g., 80%. When the experiment was made in ethereal solution (100 c.c.), a better specimen 
of pyridine hydrochloride (Cl, 30-5%) and a larger yield of n-butyl sulphite (87%) were obtained. 
The mixture of »-butyl sulphite (0-5 mol.), thionyl chloride (0-5 mol.), and pyridine hydrochlo- 
ride (1-0 mol.) which resulted from the addition of thionyl choride (23-8 g.; 1 mol.) to n-butyl 
alcohol (14-8 g.; 1-0 mol.) and pyridine (15-8 g.; 1-0 mol.) as previously described, was heated 
on a steam-bath for 3 hours (Darzens’ procedure). The product gave n-butyl chloride, b. p. 
77°, di 08875; yield, 17-4 g., 94%. 

(ii) n-Amyl alcohol. Thionyl chloride (15 g.; 1 mol.) was added to a mixture of n-amyl 
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alcohol (11 g.; 1 mol.) and pyridine (10 g.; 1 mol.) as described in (a i) and the same phenomena 
were observed. Filtration of the reaction mixture yielded pyridine hydrochloride (14-0 g., 
97-2%), and from the filtrate »-amyl sulphite was obtained, b. p. 137°/20 mm., dij® 0-9821; 
yield, 83% (Found: S, 14-4. Calc.: S, 14:4%). 

(iii) Ethyl lactate. Thionyl chloride (35-6 g.; 1 mol.), added to a mixture of ethyl lactate 
(35-4 g.; 1 mol.) and pyridine (23-7 g.; 1 mol.) as described in (a ii), gave the same result. 
Crystalline pyridine hydrochloride (yield, 95%) was obtained and from the filtrate practically 
nothing but «-carbethoxyethyl sulphite was isolated, b. p. 161°/14 mm.; yield, 35-6 g., 84% 
(Found: S, 11-4. Calc.: S, 114%). 

(b) With excess of pyridine. (i) n-Butyl alcohol. Thionyl chloride (23-8 g.; 1 mol.), added 
to a mixture of n-butyl alcohol (14-8 g.; 1 mol.) and pyridine (31-6 g.; 2 mols.) as in (a i), pre- 
cipitated pyridine hydrochloride only during the addition of the first 0-5 mol. The precipitate 
was pasty owing to the presence of excess of pyridine, and difficult to filter, but after much washing 
with dry ether, and long standing in a vacuum desiccator, it weighed 22-5 g., 98% (Found: Cl, 
29-6%). The ethereal solution of the filtrate required much washing, and gave, after being 
dried with sodium sulphate, -butyl sulphite, b. p. 114°/17-5 mm. (11-5 g., 60%), but no »-butyl 
chloride could be isolated. In a second experiment the same quantities of reactants were mixed 
as described and heated on a steam-bath for 4 hours. The pyridine hydrochloride darkened 
and became fluid. The cooled product consisted of white crystalline pyridine hydrochloride 
mixed with a dark brown oil and covered with a colourless liquid, which on being decanted and 
worked up gave n-butyl chloride, b. p. 77°, dj 0-8880 (5-7 g., 60-1%) and m-butyl sulphite, 
b. p. 114°/18 mm., dj®° 0-9940 (5-9 g., 30-5%) (Found: S, 16-3%). The dark brown oil contained 
SO,, 11-5; Cl, 20-3%, and was probably a product of the interaction of pyridine and thionyl 
chloride. In a third experiment, with the same quantities of reactants except that 47 g. of 
pyridine (3 mols.) were used in 40 c.c. of dry ether, the same phenomena were observed. The 
mixture, after being kept for 18 hours at room temperature, gave u-butyl sulphite, b. p. 110°/ 
13 mm.; yield, 15-3 g., 80% (Found: S, 16-2%). Ina fourth experiment, the reaction mixture 
was heated on a steam-bath for 4 hours. The colourless supernatant liquid, decanted from the 
brown oil and solid, gave, on being worked up, n-butyl chloride, b. p. 77°, dj®* 0-8870 (3-1 g., 
33%), and n-butyl sulphite, b. p. 116°/19 mm., dj%° 0-9941 (11-5 g., 59%). A mixture of the 
same quantities of reagents, but with 64 g. of pyridine (4 mols.) in 100 c.c. of dry ether, was 
filtered from pyridine hydrochloride (21-8 g., 959%) (Found: Cl, 30-7%), and refluxed for one 
hour, during which operation a dark brown oil (14-1 g.) was deposited. The ethereal solution 
gave n-butyl sulphite, b. p. 114°/18 mm. (14-9 g., 77%). 

(ii) n-Amyl alcohol. Thionyl chloride (15 g.; 1 mol.), added to a mixture of ”-amyl alcohol 
(11 g.; 1 mol.) and pyridine (20 g.; 2 mols.) in the way described, gave on standing for 24 hours 
and being refluxed on a steam-bath for 4 hours, a dark brown mass, which, on being cooled, 
separated into a crystalline mass mixed with a dark brown oil, and a colourless liquid. This 
liquid yielded n-amy] chloride, b. p. 108°, dj" 0-8833 (3-3 g., 24%), and m-amyl sulphite, b. p. 
137°/20 mm., di$° 0°9820 (9-7 g., 69%). 

(iii) Ethyl lactate. Thionyl chloride (35-6 g.; 1 mol.), added to a mixture of ethyl lactate 
(35-4 g.; 1 mol.) and pyridine (47-4 g.; 2 mols.) as described, gave a product which, on being 
heated on a steam-bath for 6 hours, yielded a black crystalline mass and a discoloured liquid. 
From the liquid, ethyl «-chloropropionate, b. p. 43°/15 mm., di” 1-0855 (20 g.), and «-carb- 
ethoxyethyl] sulphite, b. p. 161°/14 mm. (10 g.), were obtained. 

Decomposition of (a) n-Butyl Chorosulphinate and (b) Ethyl a-Chlorosulphinoxypropionate 
by Pyridine Hydrochloride.—(a) n-Butyl chlorosulphinate (15-8 g.) was mixed with pyridine 
hydrochloride (1-5 g.) and slowly heated ; at 50° the evolution of sulphur dioxide was appreciable. 
The temperature was maintained at 60—63° for 2 hours, the mixture remaining practically 
colourless. The cooled product consisted of crystalline pyridine hydrochloride and an almost 
colourless liquid. Dry ether was added and decanted; it yielded n-butyl chloride, b. p. 77°, 
i>" 0-8875 (8-9 g., 96%) (Found : Cl, 38-2. Calc. : Cl, 38-4%). The sodium hydroxide solution 
used for the absorption of the gas evolved contained 5-95 g. of sulphur dioxide (theo., 6-4 g.) 
but no chloride ion. 

(b) Ethyl «-chlorosulphinoxypropionate (20 g.) was mixed with pyridine hydrochloride (1 g.) 
and treated as in (a), The evolution of sulphur dioxide was appreciable at 80° and rapid at 90°. 
The ethereal extract of the residue gave ethyl «-chloropropionate, b. p. 143—144°, di 1-0855 
(12-5 g., 91%) (Found: Cl, 25-8. Calc.: Cl, 26.0%). The absorption vessel contained 5-6 g. 
of sulphur dioxide, but no chloride ion. The wash-water of the ethereal extract contained 0-4 g. 
of sulphur dioxide. In a study of the Walden inversion, Frankland and Garner (J., 1914, 105, 
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1101) heated 30 g. of ethyl «-chlorosulphinoxypropionate with 7 g. of pyridine hydrochloride 
and obtained ethyl «-chloropropionate in 80% yield. 

Interaction between Formic Acid and Esters of Chlorosulphinic Acid.—(a) Ethyl «a-chloro- 
sulphinoxypropionate. 20 G. of ethyl «-chlorosulph‘noxypropionate (aj*° — 22-8°) were mixed 
with 4-6 g. of formic acid (100%). A slow but steady reaction was appreciable at room tem- 
perature, bubbles of gas were disengaged from the liquid, and hydrogen chloride and sulphur 
dioxide were evolved, but no carbon monoxide could be detected. After 2 hours, the liquid 
was warmed to 60° during 1 hour and finally to 100° during a few minutes. The product was 
ethyl a-formoxypropionate (13-3 g., 91%), b. p. 69—70°/18 mm., ap” — 6-38°, dZ° 1-0733, 
di’ 1-0504 [0-8725 g. required 20-7 c.c. of 0-5764N-potassium hydroxide for hydrolysis, whence 
equiv., 73-1. CH,*CH(O-CHO)-CO,Et requires equiv., 73]. The solution of sodium hydroxide 
in the absorption vessel contained 5-6 g. of sulphur dioxide and 3-3 g. of chloride ion, quantities 
in accordance with the yield of formate. Ethyl «-chlorosulphinoxypropionate, mixed with 
thionyl chloride and then treated with formic acid as described, gave an initial vigorous reaction, 
and a volume of carbon monoxide in proportion to the thionyl chloride added was evolved 
together with hydrogen chloride and sulphur dioxide. 

(b) n-Butyl chlorosulphinate. 15-6 G. of n-butyl chlorosulphinate, mixed with 4-6 g. of 
formic acid as described, gave n-butyl formate, b. p. 106-5—107°, dif 0-8996 (0-7871 g. re- 
quired for hydrolysis 13-38 c.c. of 0-5764N-potassium hydroxide, whence equiv. 101-9. Calc., 
102); yield 9-0 g., 90%. 

(c) isoButyl chlorosulphinate. 15-6 G. of the ester and 4-6 g. of formic acid gave isobutyl 
formate, b. p. 97—98°, df: 0-8859; yield, 8-7 g., 87% (0-6230 g. required for hydrolysis 10-9 c.c. 
of 0-560N-potassium hydroxide, whence equiv., 101-9). 

(d) Ethyl chlorosulphinate. 25-7 G. (1 mol.) of the ester, mixed with 9-2 g. of formic acid, 
gave ethyl formate, b. p. 54°, df: 0-9386; yield 13-1 g., 88% (08250 g. required 19-24 c.c. of 
0-5764Nn-potassium hydroxide, whence equiv., 74-1. Calc., 74-0). 

(e) isoAmyl chlorosulphinate. 17-0 G. of the ester and 4-6 g. of formic acid gave isoamyl 
formate, b. p. 123—124°, df 0-8935; yield, 88%. 

Phenyl Chlorosulphinate.—Phenol (47 g.; 1 mol.) in 60 c.c. of dry ether was added dropwise 
to thionyl chloride (120 g.; 1 mol. + large excess) in 20 c.c. of dry ether in a flask fitted with 
delivery and exit tubes for the passage of dry carbon dioxide (to agitate the contents and carry 
off hydrogen chloride) and cooled in ice-salt at —5°. There was no apparent reaction during 
the addition of the phenol (1 hour). The flask was kept overnight at room temperature, then 
attached to a water-pump, and warmed to 50° during 14 hours; at the end of this time the pres- 
sure was 20mm. The product distilled remarkably well, b. p. 100-5—101°/18 mm., dj3° 1-3640, 
d33* 1-3409, 2° 1-5580; yield, 80-1 g., 90%. (Found: S, 18-1; Cl, 20-1%. Calc. for 
PhO-SOCI1: S, 18-1; Cl, 20-1%). The product was a colourless liquid which was hydrolysed 
readily by water to phenol, sulphur dioxide, and hydrogen chloride. Trunel (Compt. rend., 1935, 
200, 2186), in a dipole-moment determination, gives dj° 1-349 and nj 1-5583, but no 
other experimental details are recorded. 

The method now described is much more convenient than that of Battegay and Denivelle 
(Compt. vend., 1931, 192, 492; Bull. Soc. Ind. Mulhouse, 1932, 98, 51), who added sodium 
phenoxide to thionyl chloride in toluene; their product had b. p. 94—96°/13 mm. 


[Received, November Tih, 1938.] 
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22. An X-Ray and Thermal Examination of the Glycerides. Part IV. 
Symmetrical Mixed Triglycerides, CH(O°COR’)(CH,*O°-COR),. 


By THomas MALKIN and MELVILLE L. MEARA. 


The two following groups of symmetrical mixed triglycerides have been examined 
and their m. p. and X-ray data determined: (a) Glycerides in which the group R’ is 
shorter than R, viz., B-decodilaurin, $-laurodimyristin, B-myristodipalmitin, §-palm- 
itodistearin; (b) those in which R’ is longer than R, viz., 8-laurodidecoin, 8-myristodi- 
laurin, $-palmitodimyristin, §-stearodipalmitin. These are found to exist in four 
solid modifications, viz., vitreous, «, 8’, and #, in order of increasing m. p., transition 
from lower- to higher-melting forms being more rapid than with simple triglycerides. 

X-Ray data support the tuning fork structure of glycerides (~ >— ) proposed 
in Part J, and also distinguish between glycerides of the two types mentioned ahave, 
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THE natural extension of our recent investigation of ««’-diglycerides (Part IIT, J., 1937, 
1409) is to the derived symmetrical mixed triglycerides, CH(O-CO-R’)(CH,°O-CO-R),, and we 
have now examined all the possible mixed triglycerides derived from the even-membered 
acids decoic to stearic. These fall into certain related groups, and for convenience in the 
presentation of our results, we confine the present account to the two following series,* 
in which the 8-acyl radicals are respectively (a) two carbon atoms shorter or (6) two carbon 
atoms longer than the corresponding pair of a-acyl radicals, viz., 


(a) -Decodilaurin. f-Laurodimyristin. B-Myristodipalmitin. B-Palmitodistearin. 
Cyo(«’) {cus {Gs {Gs 
(€)Cr0} Ca) C12 Cig Cua Cig C16 Cig 

(b)  B-Laurodidecoin, B-Myristodilaurin. B-Palmitodimyristin. B-Stearodipalmitin. 
Cio {es , {eu {es 
Cia CX Cas Cie C16 Cig Cs Cig 


This selection is such that, for each group independently, the irregularity in the crystal 
packing due to the different lengths of chains in the molecule is the same for each member, 
and since there is a regular increase in the length of chain from member to member, 
simple relationships in both X-ray and m. p. data would be expected. 

We find that mixed triglycerides exist in four solid modifications, viz. (in order of 
increasing m. p.), vitreous, «, 8’, and 8, the last being the stable modification and the one 
normally obtained from solvents. Except for the existence of the §’-form, the poly- 
morphism is similar in its main features to that of the simple triglycerides (Part I; J., 
1934, 666), and the same conditions hold for the formation and stability of the various 
forms. 

Each modification yields a characteristic X-ray spectrum, and the “‘ side spacings ”’ 
of the stable forms of the group (a) series are strikingly different from those of group (5) 
(Plate I). 


Like the simple triglycerides and a«’-diglycerides, mixed triglycerides show spherulite 
formation (Plate I, Figs. 4, 5, 6). Figs. 4 and 5, taken from the same specimen, are 
interesting in that parts of the field show the ripple effect characteristic of a«’-diglycerides 
(Part III, Joc. cit.). The latter are, however, distinguished by the absence of the sharp 
spherulite nucleus. 


EXPERIMENTAL. 


Preparation of Mixed Triglycerides——Our triglycerides were prepared by the acylation of 
a«’-diglycerides, the method being a slight modification of that used by King and his co-workers 
(J. Amer. Chem. Soc., 1929, 51, 866; 1932, 54, 705; 1934, 56, 1191). The acylation proceeds 
smoothly and quantitatively, but it is important that the aa’-diglycerides conform with the 
standards of purity given in Part III (loc. cit.), since the presence of small amounts of triglyceride 
in the starting material makes the final purification almost impossible. 

The following preparation of @-laurodimyristin is typical. 1-2 G. (1:5 mols.) of lauryl 
chloride (b. p. 155°/28 mm.), followed by 2-5 c.c. of pyridine (good excess), are added to a cold 
solution of 2 g. (1 mol.) of ««’-dimyristin in 30 c.c. of benzene (dried over sodium), and the 
reaction vessel is corked and kept overnight. The reaction mixture is then decanted into a 
separating funnel, the precipitated pyridine salt being washed with benzene and ether, and 
the benzene-ether solution is washed with dilute sulphuric acid and water and dried (sodium 
sulphate). After removal of the solvent, two crystallisations from alcohol (2 x 40 c.c.) yield 
2-7 g. of crystalline product, m. p. 50°. 

Only slight modifications of the above procedure are required for other members of the 
series. If the acid chains are longer, slightly more benzene is required for the reaction and for 
washing, and the final crystallisation is preferably from benzene—alcohol; with shorter acid 
chains, less alcohol is required in the final crystallisations. All the mixed glycerides now 
described crystallise in felted masses of needles reminiscent of the finer grades of asbestos. 


* An account of the corresponding unsymmetrical triglycerides, 
CH,(O°CO-R)*CH(O-CO-R)-CH,(O*CO:R’), 
is in preparation in collaboration with Dr. M. G. R. Carter.—T. M. 
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6-Laurodidecoin has not hitherto been prepared (Found: C, 72-3; H, 11-4. C,,;H,,O, 
requires C, 72-1; H, 11-4%). ' 

Thermal Investigation.—This was carried out as described in Part I and Part II (locc. cit.), 
by means of cooling and heating curves and capillary m. p. determinations. In general, 
transitions from lower- to higher-melting modifications were more rapid than was the case 
with simple triglycerides (Part I, loc. cit.), but by varying the cooling and heating gradients, 
evidence of the existence of four modifications was found. A preliminary curve, cooling to 
room temperature, followed by a heating curve, usually gives sufficient information to 
suggest the required modification in gradient; e. g., in Fig. 1, AC is the cooling curve for 
6-myristodipalmitin (room temperature). The arrest B represents separation of the vitreous 
modification, since on warming (curve CF), there is a corresponding arrest (D) followed by a 
sharp rise in temperature (i.e., liquefaction and crystallisation of vitreous form; Part I, p. 669). 
A smaller cooling gradient is therefore required for solidification in the a-form. Fig. 1 (cooling 
bath at 30°) shows formation of both the « and the vitreous forms, and also indicates the rapidity 
of the transitions in group (a). After a steady period of vitreous separation, the transitions 
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vitreous -> «-> 8’ set in, with a rise in temperature to the m. p. of the ®’-form. The same 
transitions occur when @-laurodimyristin is cooled to room temperature (Fig. 1), and here 
evidence of the «-form is occasionally found in the rising part of the curve. 

With room-temperature cooling, members of group (a), except 8-decodilaurin («-solidific- 
ation), solidify in the vitreous modification, but in group (b) only §-stearodipalmitin solidifies 
in this form, the other members solidifying in the «-modification (Fig. 1). Heating curves for 
both groups are similar with regard to 8’- and B-forms. The #’-arrest is often quite short owing 
to the rapid transition 8’ > 8 at this temperature, a transition diminishing in velocity with 
increasing length of hydrocarbon chains. Heating curves for the two groups are, however, 
dissimilar in that indication of the melting of the a-form is usually present on the curves for 
group (d). 

The data obtained from the curves were checked against capillary determinations, but owing 
to the rapidity of the transitions, capillary m. p. data for vitreous and «-forms are not regarded 
as being so accurate as those obtained from the curves, although differences are not great. 
True “‘ double melting,” i.e., complete melting followed by resolidification, is usually observed 
only with the higher members, for the transition vitreous—> «. Small amounts of impurity 
stabilise the lower-melting forms and retard the transition speeds noticeably for the p’ > B 
transitions; rapid transitions are therefore a good indication of purity. 

The m. p.’s obtained in the present investigation are given in Table I and plotted in Fig. 2. 
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TABLE I. 
Vitreous. a. B. Bp’. Other workers’ data. 

Group (a). 
BTOCOEMRRTIM veccsecccssscccece 8° 23° 33° 385° = 388° 3 
fB-Laurodimyristin ............++. 24 35 45 50 49-57; 46-53% 
B-Myristodipalmitin ............ 37 46 55 60 58-5—59 2 
B-Palmitodistearin ............... 50 56 64 68 68 4; 52-5, 62, 63 5; 67-9 © 

Group (b). 
B-Laurodidecoin .............+0006 6 25 34 37°5 _ 
B-Myristodilaurin ............... 24 37 44 48 50-21; 32, 36-5, 39-5 3 
f-Palmitodimyristin ............ 38 49 55 58-5 59-8—60 2 
B-Stearodipalmitin ............ 49 59 65 68 64-8 2;-60 7; 59-1 ® 


1 McElroy and King, J. Amer. Chem. Soc., 1934, 56, 1191. 2 Averill, Roche, and King, ibid., 
1929, 51, 866. 8 Grin, Ber., 1907, 40, 1787. 4 Robinson, Roche, and King, J. Amer. Chem. Soc., 
1932, 54, 705. 5 Kreis and Hafner, Ber., 1903, 36, 2767. 6 Amberger and Bromig, Biochem. Z., 
1922, 180, 263. 7 Guth, Z. Biol., 1902, 44, 98. 


Fic. 2. 
M.p.’s of symmetrical mixed triglycerides. 
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X-Ray Investigation.—This was carried out as described in Parts I and II, pressed and melted 
layers and rods being examined. The Philips Metalix tube (copper anticathode) being run at 
10 ma., exposures of 1—2 hours and 3 hours each side were required for pressed and melted 
layers respectively. Rods required an exposure of $—1 hour. 

Long spacings of the stable 6-form were obtained from pressed layers, and those of «- and 
8’-modifications from melted layers, either by cooling the molten specimen at the required rate, 
or by first cooling it rapidly to the vitreous form, and then, by suitable warming, converting it 
into the «- and the 8’-form. Considerable difficulty was experienced owing to the rapidity of 
the transitions, but with a certain amount of repetition and a choice of cool days for examination 
of the lower members, measurements of metastable forms were obtained for all the glycerides 
except $-decodilaurin and §-laurodidecoin. Side spacings of the various modifications were 
obtained from rods in a similar manner. 

Table II gives the complete X-ray data, long spacings being plotted in Fig. 3 against the 
“‘ effective length’ of the acyl groups in the glyceride molecule in carbon atoms; i,e., the 


effective length of decodilaurin is 22, ¢ m 
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B-Decodilaurin. B-Laurodidecoin. 





Tripalmitin B. 


. 7.—Side spacings. 


Myristodipalmitin B. 


Decodilaurin Bp. 


Myristodipalmitin p’. 


Myvristodilaurin p. 


Palmitodimyristin B. 


Stearodipalmitin B. 


Laurodimyristin a. 


Myristodilaurin. 


15.—Long spacings. 


Palmitodimyristin. 


[To face p. 107. 
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TABLE II. 


Long spacings, A. Side spacings, A 


B. B. B’. a, 
Group (a). . 
8-Decodilaurin . 4 4-06*, 4-35*, 4-62, 5-33 —_ 
8-Laurodimyristin . . 34:7 3: . 4-61, 5-34 3-82, 4-05*, 4-16, 4-35* 4-19 
6-Myristodipalmitin ... . . 39-0 3: ° 4-61, 5-34 
6-Palmitodistearin . . . . . 4-61, 5°34 
Tripalmitin (for com- 
parison of side-spac- 
ings) ° 4-6, 53 


f-Laurodidecoin 29 3-87, 4-17, 4-39 

£-Myristodilaurin 34-5 33-6 3:85, 4-06*, 4-26, 4-45* 3°85 
B-Palmitodimyristin ... 45-0 39-7 38-1 3-81, 4-13, 4-31 3-88 
B-Stearodipalmitin 50-2 44-7 43-2 3-81, 4-03*, 4-2, 4-48 3-81 


* Denotes weak lines. + Denotes diffuse lines. 
Vitreous forms yield only a diffuse side spacing of <= 4-2 a. 
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Group (a). Group (b). 
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Typical X-ray photographs are given in Plate I, Figs. 7—16. These wp the close relation- 
ship in structure between the stable forms of group (a) and the simple triglycerides, both giving 
‘“‘ broad band ” side spacings, compared with the ‘“‘ narrow band ” of group (b) and #’-forms. 

From the curves in Fig. 3, the increase in length of spacing per carbon atom for the stable 
forms of groups (a) and (b) respectively are 1-18 and 1-147 a., corresponding with tilts of chain 
of 69° 33’ and 65° 30’. Approximate tilts for other forms are : Group (a), «- and 8’-modifications, 
vertical; group (b), «, vertical; f’, 70° 55’. 

The intercepts on the ordinates, viz., 4-5 and 4-0 a. for groups (a) and (b) respectively, support 
the tuning fork structure (I), advanced in Part I (loc. cit.), adjacent molecules 
lying in reversed positions (II). Consideration of this structure makes clear 
the necessity for the selection of mixed glycerides in appropriate family 
groups, if simple relationships between physical properties and constitution 
are to be sought. 

If, for example, the §-distearins are taken, where the #-substituent is 
decoyl, lauroyl, myristoyl, etc., a linear relationship» between length of molecule and X-ray data 
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would not be expected, as the increasing length of the shorter acyl chain would not bring about 
a corresponding increase in the distance between the reflecting planes (d) (see III). In the 
final paper of the series, it is hoped to discuss these relationships in greater detail. 


Grants from the Royal Society and the Colston Society are gratefully acknowledged. 
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23. Studies in Stereochemical Structure. Part IX. The _ Stereo- 
chemical Relationship of the a- and the B-Forms of Substituted Hydro- 
benzoins. (b) Ethylhydrobenzoin (B-Form). 


By ROBERT ROGER. 


The «-form of (+ )ethylhydrobenzoin has been oxidised to (+-)ethylbenzoin (J., 1937, 
1048) and it is now shown that the 8-form of (—)ethylhydrobenzoin also can be oxidised 
to (+)ethylbenzoin. From the latter result the deduction can be made that the 
6-form of (+)ethylhydrobenzoin would undergo oxidation to (—)ethylbenzoin : 

PhMgBr 
(—)CHPh(OH)-COEt ——-~ (+)ethylhydrobenzoin («-form) —-> (+)COPh*C(OH) PhEt 
and 
EtMgBr 
(—)CHPh(OH)-COPh———> (+ )ethylhydrobenzoin (8-form) —-> (—)COPh’C(OH)PhEt 


To those two a- and §-forms the configurations (I) and (II) respectively are assigned 
on the arguments previously outlined (/oc. cit.) : 


H Et H OH 


a) Pr-O—¢ Ph _—s aT (II.) 


OH OH OH Et 
(—) (+) (“) I 


The compounds are thus diastereoisomeric, as also are the «- and the 8-form of (—)ethyl- 
hydrobenzoin. The peculiar mode of synthesis of the «- and the 8-forms of such glycols 
is discussed, and also the question whether the formation of the optically active ethyl- 
benzoins can be regarded as examples of ‘‘ asymmetric synthesis.”’ 


ROGER (J., 1937, 1048) showed that the oxidation of (+)ethylhydrobenzoin (a-form) led 
to the formation of (+)ethylbenzoin, and the configuration (I) was provisionally assigned 
to that form of the glycol. 

The oxidation of (—)ethylhydrobenzoin (8-form) was attended with great difficulty, 

possibly owing to steric hindrance, but was eventually achieved by a 

OH Et modification of the method previously described (loc. cit.). Thus the 

Ph—C——C—Ph relationship L(+-)CHPh(OH)-CO-OH —>L(+)CHPh(OH)-COPh —> 

l: (—)CHPh(OH)-C(OH)EtPh —~> (+)COPh-C(OH)EtPh was established 

H OH and the 6-form of (—)ethylhydrobenzoin would appear therefore to 
(+) (+) have the annexed configuration. 

For the first time proof is brought forward that these «- and $-forms 
are the diastereoisomers predicted by McKenzie and Wren (J., 1910, 97, 473) (cf. also the 
relationship of ephedrine and y-ephedrine; Leithe, Ber., 1932, 65, 660; Skita, Keil, and 
Meiner, Ber., 1933, 66, 974). 

The new centres of asymmetry created during the synthesis of such substituted hydro- 
benzoins, therefore, are veritably active, i.e., they actually contribute to the evident 
rotatory powers of the two forms («- and 8-) of the glycol. This eliminates the possibility 
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that one of the forms at least might be a partial racemate. The establishment of this 
important fact raises the question whether in such a change 


H H OH OH 
Pa—C—COPh —> Ph—C—_— Ph —> PhCO—C—Ph . 


OH OH Et Et 

(+) (+) (+) (+) 
an asymmetric synthesis has been effected. In this sequence of operations there is a 
certain resemblance to the well-known asymmetric syntheses of McKenzie and his co- 


workers along the lines 
OH OH 


Ph:CO—CO-0-€,,H1, —> Ph—C—CO-0-C,,H1, —> Pir-COOH . ii 
(—j (-} 


Me Me ; 
preponderance of 
(—) form 

(for a résumé of work, see Asymmetric Synthesis, McKenzie, ‘‘ Ergebnisse der Enzymfor- 
schung,”’ Band V, s. 4, Leipzig, 1936). The main differences between schemes (i) and (ii) 
are: (a) In (i) the original asymmetric inducing centre is not removed unchanged by a 
simple process such as saponification (as in ii), but is converted im situ into a centre of 
symmetry and does not separate from the original molecule. (b) The (+)ethylbenzoin in 
(i) arises in an optically pure state, whereas in many of the syntheses of the atrolactinic 
acid type there is finally only a preponderance of one optically active form over the other. 
In only one or two cases have such acids been isolated immediately in a state approaching 
optical purity (Christie, McKenzie, and Ritchie, J., 1935, 153; McKenzie and Christie, 
Biochem. Z., 1935, 227, 426). 

The reason for difference (b) probably is this. In the formation of (+)ethylbenzoin 
(i) the inducing centre C? is directly linked to the induced centre C? and the induced effect 
is ata maximum. In the synthesis of atrolactinic acid (ii), however, the inducing centre, 
the (—)menthyl group?, is separated from the induced centre! which is about to become 
the new centre of fixed asymmetry, by a buffer carbon atom, that of the carboxyl group. 
As a result the induced centre! does not attain a state of maximum induction and a partly 
racemised product ensues. On such grounds the production of pure (+)ethylbenzoin by 
the above method justly could be termed a “ unilateral internal asymmetric synthesis.” 

In Part VIII (loc. cit.) the configuration adduced for the a-form of (-+-)ethylhydro- 
benzoin was qualified by the condition “ provided that no inversion of the mandelyl complex 
has occurred either during the conversion of D(—)mandelic acid into (+)ethylhydro- 
benzoin orin thesolution of the glycolin the ethylmagnesium iodide preparatory to oxidation.” 
It has not been found possible to obtain any proof of inversion during the syntheses of the 
glycols from mandelic acid and, indeed, this would be of little importance, since both forms 
of the glycol might be expected to be correspondingly affected. Much more important is 
the possibility of inversion arising during the process of solution of the glycol in the ethereal 
ethylmagnesium iodide. . A simple proof that this does not happen was found by dissolving 
a sample of each form of the glycol in portions of the Grignard reagent, boiling the solutions, 
and decomposing them. In each cdse the glycol was recovered unchanged both in sign 
and in rotatory power. 

The peculiar method of synthesis of the two forms of the glycol is also interesting. The 
a- and the $-form are both prepared from one optically active form of mandelic acid, 


7p (—)CHPh(OH)-COPh (III.) 
*"\\p(—)CHPh(OH)-COEt rv, 


(III) —> (+-)CHPh(OH)-C(OH)PhEt a:A) (IV) —> (+)CHPh(OH)-C(OH)EtPh (VI; q) 
(—) (—) (—) (+) 


D(—)CHPh(OH):CO-OH —> D(—)CHPh(OH)-CO-NH 
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from which it will be seen that, whilst the mandelyl complex in each case retains the same 
configuration throughout, the new centres of asymmetry created in the stages III —> V 
and IV —-> VI are enantiomorphic. A natural interpretation of the creation of the new 
centres in active conditions is found on the grounds of asymmeiric induction. In 
(—)benzoin and (—)phenylpropionylcarbinol there are two centres of asymmetry, one 
“fixed ”’ and one “‘ induced,’’ and in the syntheses of the two forms of the glycol the two 
induced centres become fixed, e.g. 


O 


CHPh(OH)—0—Ph —> CHPh(OH)-C(OH)PhEt 
(fixed) (induced) (fixed) (fixed) 
(—) (?) “J (—) 
O 


CHPh(OH)—¢—E: —> CHPh(OH)-C(OH)EtPh 
(fixed) (induced) (fixed) (fixed) 


“i (?) (J (+) 


Since the inducing centre is of the same sign in both cases, it might reasonably be expected 
that the direction of induction in the induced centres would be the same. Yet, when these 
two induced centres become fixed, they are of opposite signs, 7.¢., the same negative inducing 
centre has apparently caused a negative induction effect in one case and a positive effect 
in the other: this would appear to be illogical. The fact that the phenyl and the ethyl 
radical directly attached to the induced centres (the CO groups) in the two ketols are very 
different in character may cause a relatively different arrangement in space of the two 
centres of induced asymmetry with regard to the centre of fixed asymmetry (the mandelyl 
complex in each case). When the radicals directly attached to the ketonic carhon atoms 
in the ketols are similar in character, as occurs in the synthesis of the a- and $-f-tolylhydro- 


benzoins, 
(—)CHPh(OH)-COPh —> (-+-)CHPh(OH)-C(OH)Ph-C,H,(a-) 
CHPh(OH)-CO-OH@ 
} (—)CHPh(OH)-CO-C,H, —> (+-)CHPh(OH)-C(OH)(C,H,)Ph (8-) 


the new centres of asymmetry contribute very little to the evident rotatory powers of the 
two forms of the glycol (Roger and McKay, J., 1931, 2229; McKenzie and Kelman, J., 
1934, 412), as is shown by comparison with the rotatory powers of triphenylethylene glycol 
(which has only one centre of asymmetry). 

From these considerations it would seem that the configurations of the new centres of 
asymmetry in the «- and the 6-form of ethylhydrobenzoin are definitely fixed at the moment 
of addition of the Grignard reagents to the ketonic groups of the ketols. Since the funda- 
mental actions of the two Grignard reagents must be similar, the respective configurations 
of the two new centres must depend on the nature or size of both the entrant radicals and 
also the alkyl or aryl radicals directly attached to the ketonic groups of the ketols. No 
definite law can be formulated regarding this point until the relative configurations of a 
number of such diastereoisomeric pairs have been determined. This study is in progress. 


EXPERIMENTAL. 
(—)Ethylhydrobenzoin (8-form), prepared by the action of ethylmagnesium bromide on 


L(+)benzoin, had m. p. 96—97° and [a]3i,, —31-5° (c = 2-352 in acetone, J = 1, aj], —0-74°). 
McKenzie and Wren (loc. cit.) give m. p. 96-5—97-5°, [a]}'” + 27-4° in acetone. 

The glycol (7 g.) was added in dry ethereal solution to the Grignard reagent prepared from 
ethyl iodide (23 g.), and the mixture boiled for 15 minutes. Most of the ether was then removed 
by distillation, and benzaldehyde (12 g., twice distilled) in 30 c.c. of pure dry benzene added 
gradually. The mixture was kept overnight and then boiled for 8 hours. After decomposition 
with ice and dilute sulphuric acid and extraction with ether, an oil was obtained from the 
ethereal layer and distilled in a vacuum. The fraction, b. p. 140—190°/0-5 mm., solidified 
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when seeded with r-ethylbenzoin. It separated from light petroleum, containing a small 
amount of ethyl alcohol, in coarse needles (1-8 g.), m. p. 71—72° after two recrystallisations from 
the same solvent, [«]{§, + 254° (c = 2-422 in ethyl alcohol, 7= 1, aff, + 6-16°). The 
m. p. was not depressed by (+ )ethylbenzoin obtained by the oxidation of (+-)ethylhydrobenzoin 
(a-form) (Roger, loc. cit.; McKenzie and Ritchie, Ber., 1937, 70, 23). 

In order to ensure that no change in either form of the glycol had taken place during the act 
of solution in the ethereal ethylmagnesium iodide two similar control experiments were carried 
out in which samples of the two forms were heated for several hours in solutions of ethylmag- 
nesium iodide. Thus, (+)ethylhydrobenzoin (f-form, m. p. 96—97°, 6 g., [«]§%. + 31-3° 
in acetone) was added in dry ethereal solution to the Grignard reagent prepared from ethyl 
iodide (22 g.), and the mixture boiled for 3 hours. After decomposition with ice and dilute 
sulphuric acid the ethereal layer yielded a solid, which was recrystallised from light petroleum 
and a little ethyl alcohol. The solid then obtained had m. p. 96-5—97° and [a]fig, +30-7° 
(c = 2-044 in acetone, J = 1, «jg, +0-62°) and was identical with the initial glycol. 

A similar experiment with partly racemised (—)ethylhydrobenzoin («-form, [a]i% 
—29-8°, c = 2-284° in chloroform, ] = 1, m. p. 88—90°) yielded unchanged glycol ([«]Je 
—29-7°, c = 2-202 in chloroform, / = 1, m. p. 88—89°). 


The author thanks the Carnegie Trust for grants for the purchase of material. 
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24. The Acid Fluorides of the Alkali Metals. Part II. The Higher 
Acid Fluorides of Rubidium, and the Thermal Diagram of the 
RbF-HF System. 

By K. R. Wess and E. B. R. PRIDEAUX. 


Further studies on the RbF—-HF system have provided conclusive evidence for the 
existence of the compounds RbF,2HF and RbF,3HF and have made possible the 
construction of an approximate thermal diagram. In addition, a new substance, 
RbF,3-5HF, has been prepared, and evidence has been obtained which points to the 
existence of other acid fluorides. 


THE few recorded attempts to obtain thermal diagrams of acid fluorides clearly indicate 
the difficulties of such work and the necessarily incomplete nature of the results. 

Potassium acid fluorides were investigated by Cady (J. Amer. Chem. Soc., 1934, 56, 
1431), who used a closed system, anhydrous hydrogen fluoride being admitted to the potas- 
sium acid fluorides in a copper container. The compounds formed were not separated or 
examined, but their existence was inferred from the nature of the curve of initial freezing 
points and the calculated compositions of the mixtures. The following compounds were 
indicated on the thermal diagram : KF,HF (in two forms), KF,2HF, KF,2-5HF, KF,3HF, 
and KF,4HF. 

Ammonium acid fluorides were investigated by Ruff and Staub (Z. anorg. Chem., 1933, 
212, 399), who used an open system, various quantities of hydrogen fluoride being added 
to ammonium bifluoride, NH,F,HF. By means of an approximate thermal diagram, they 
obtained evidence of NH,F,3HF and NH,F,5HF. The diagram is incomplete in the 
neighbourhood of NH,F,2HF and it appears that this substance could not be prepared. 

The thermal diagram of the RbF-HF system had not hitherto been examined; that of 
cesium still awaits complete investigation. The work described in Part I (J., 1937, 1) has 
been continued, pure anhydrous hydrogen fluoride being used. 


EXPERIMENTAL. 


Quantities of RbF,HF (ibid.) were weighed in a covered platinum crucible and hydrogen 
fluoride (either a middle fraction from a copper still, or, in the majority of the experiments, a 
sample redistilled in platinum apparatus) was allowed to drop on to the specimen until the total 
weight increased by the required amount. In this way, various hydrogen fluoride-rich mixtures 
were prepared. 
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Cooling curves were taken for mixtures with various proportions of the two fluorides. Since 
the temperatures characteristic of the present systems were generally considerably lower than 
those employed in the former work (ibid.), a different apparatus was used. It consisted of a 
copper calorimeter (7 x 4-5 cm. approx.) containing a waxed cork in which was embedded a 
bakelite ring of such dimensions that the platinum crucible containing the mixed fluorides could 
comfortably rest in it completely insulated from direct contact with the metal vessel. The 
calorimeter was closed by a waxed cork carrying a specially constructed silver thermometer- 
well and a narrow copper tube, through which passed a silver wire stirrer working in a flexible, 
soft-rubber joint to exclude moisture. A pentane thermometer, checked against an accurate 
mercurial one, was used for the lowest temperatures; for higher temperatures, the accurate 
mercurial instrument was used. The whole apparatus could be supported in a beaker which 
rested in the neck of a wide Dewar vessel; the beaker contained a suitable cooling mixture, 
generally of powdered “ drikold ” and alcohol. 

Cooling curves were not as a rule continued from the initial halt-point to the eutectic tem- 
perature, partly on account of difficulties connected with the pasty nature of the partly solidified 
mixture and the relatively small quantity of material available, but principally on account of 
the importance of isolating and analysing small samples of the solid which separates first and 
is in equilibrium with the liquid having the total composition at the initial freezing point. This 
composition could be maintained almost constant for further experiments by avoiding all waste. 
Collection of the solid on a platinum Gooch crucible (as described in Part I) was abandoned. 
Instead, the smallest amount of crystals suitable for analysis was removed, and freed from 
liquid by being quickly pressed between filter-papers. The absorbed mother-liquor could be 
recovered as RbF,HF from the paper by extraction with aqueous ammonia and subsequent 
evaporation. By practice, the whole operation of crushing and pressing the solid specimens 
could be performed in a few moments, and the solid transferred to a small capped platinum 
crucible of known weight and then weighed. Slight losses of hydrogen fluoride sometimes oc- 
curred during these operations; however, when the original solid formed hard crystals (as in 
the case of RbF,3-5HF), this loss was quite small. Duplicate analyses, under such conditions, 
were usually reasonably consistent. 

Two methods were used for progressively decreasing the hydrogen fluoride content of the 
initially rich mixtures: (a) hydrogen fluoride was expelled gradually by heating the mixture 
for some time at an appropriate temperature; (b) the mixture was treated with weighed amounts 
of rubidium bifluoride. The latter method was less suitable than the former, since the added 
RbF,HF only dissolved slowly in the mixture unless heat were applied, whereupon there was 
risk of losing more hydrogen fluoride and so rendering the material poorer in this constituent 
than had been intended. 

Methods of Analysis.—(a) The back-titration volumetric method previously described was 
abandoned in later experiments, since the recovered residues were found to contain considerable 
amounts of rubidium chloride which is not easily convertible into the fluoride. 

(b) Direct titration of the acid fluoride dissolved in carbon dioxide-free distilled water with 
pure, freshly-standardised ammonia solution, using bromothymol-blue as indicator, yielded 
very satisfactory results, especially when, by experience, the exact coloration corresponding 
to the true end-point had been ascertained. The method was checked against the standard 
procedure (titration of a pure hydrofluoric acid solution with pure sodium hydroxide solution, 
phenolphthalein being used as indicatur) and found to be very exact (difference about 0-25%). 

(c) A gravimetric method was also used, in which hydrogen fluoride was expelled by heating 
a weighed quantity of RbF,xHF, and the residual rubidium fluoride weighed. The salt was 
heated in a small platinum crucible with a slip-on lid, the usual precautions taken in volati- 
lising an acid being observed. The greater part of the hydrogen fluoride is quickly lost below 
400°, and prolonged heating to a high temperature causes appreciable volatility of the normal 
fluoride. 

This method, checked against the titration procedures, was found to give slightly high re- 
sults; e.g., 27-96% of hydrogen fluoride was found by method (db), and 28-15, 28-40% by method 
(c). This discrepancy was ascribed to the very deliquescent nature of the higher acid fluorides, 
since absorption of a little moisture would increase the loss in weight on heating but diminish 
the acid content. The method was checked, therefore, on non-deliquescent potassium bifluo- 
ride: the loss on heating was 25-57% (Calc. : 25-64%). 

Details of a few experiments are given below. 

Experiment I. 5-8 G. of RbF,HF (1 mol.) were treated with about 5-6 g. (6 mols.) of pure 
hydrogen fluoride redistilled from platinum. No solid separated from this solution when it 
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was cooled to between —20° and —30°. By warming, about 3 g. of hydrogen fluoride were 
evaporated; the resulting solution solidified completely when cooled in solid carbon dioxide— 
ether. The liquid showed an initial halt-point at +22-9°, the whole mass becoming solid at 
this temperature (point 14—-see figure). After standing for some time sealed up out of contact 
with the air, the solid formed a mass of clear, colourless, transparent crystals, together with 
some mother-liquor. The solid was crushed, dried, and analysed (Found: HF, 39-9, 39-15. 
RbF,3-5HF requires HF, 40-11%). It is considered that RbF,4-5HF decomposes on standing 
Expt. IT). 

T he ~ fluoride content of the total material was reduced to 38-97% ; the initial halt- 
point found for this material was 32—33° (point 7). Rubidium bifluoride was added to the 
residual substance, so that the composition approximated to that of RbF,3HF. The resulting 
mixture formed a clear, water-white liquid with a slight odour of hydrogen fluoride; it remained 
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Partial thermal diagram of the system RbF-HF. 


supercooled at room temperature, but solidified when chilled in solid carbon dioxide. The 
substance thus produced showed oily a slight tendency towards surface fusion at room tem- 
peratures and remained solid for a considerable time. 

On standing for several days, it changed to a mush, probably owing to slow access of 
moisture. On long standing, a clear mother-liquor was formed, in which were seen clear crystals, 
some plates and some blunt needles [Found (by titration): HF, 27-96; (by heating): HF, 
28-15, 28-40. Calc. for RbF,2HF: HF, 27-68%]. 

This experiment demonstrated the replacement of hydrogen fluorides in the higher acid 
fluorides by water, and also the possibility, previously reported, of preparing RbF,2HF from 
concentrated solutions containing some water. The experiment, as a whole, pointed to the 
existence of RbF,3-5HF and gave indirect evidence of the existence of RbF,3HF. 

Experiment II. A rubidium fluoride—hydrogen fluoride mixture was prepared which was 
calculated to contain 47-7% of the latter. The initial halt-point of the mixture was at 20° 

I 
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(point 15). The solid which separated was pressed and analysed (Found: HF, 40-0. Calc. 
for RbF,3-5HF : HF, 40-1%); hence, if RbF,4-5HF exists (see diagram), it must be unstable, 
readily losing hydrogen fluoride and passing into RbF,3-5HF. After some hydrogen fluoride 
had been expelled by heating, the residue contained 42-8% of hydroge= fluoride: the halt-point 
was at 25-5° (point 11) and the separating solid approximated to KbF,3-5HF (Found: HF, 
38-9%). 

The hydrogen fluoride content was then reduced to 36-8%, i.e., to approximately that of 
RbF,3HF (Calc.: HF, 36-47%); the initial halt-point was 45°, and may be taken as almost the 
true m. p. of RbF,3HF. The separating solid had 36-6% of hydrogen fluoride, and the whole, 
when solidified, formed a homogeneous, friable, crystal mass, consisting of practically pure 
RbF,3HF. This experiment, therefore, provided additional evidence for the existence of 
RbF,3-5HF and RbF,3HF. 

In all, in addition to the preliminary experiment indicating the existence of RbF,3HF and 
described in Part I (loc. cit.), four complete and separate experiments have been performed on 
the binary system. From these, 15 points on the thermal diagram of the system have been 
obtained, in addition to extensive analytical evidence for the existence of the substances 
RbF,2HF, RbF,3HF, and RbF,3-5HF. There is evidence also, especially from the thermal dia- 
gram, of the probable existence of RbF,4-5HF, but it has not been satisfactorily isolated. The 
thermal diagram also indicates the possible existence of RbF,2-5HF; point 3 is a eutectic one 
and may show the composition and the m. p. of the eutectic between RbF,3HF and RbF,2-5HF. 
The evidence is rather fragmentary, however. 

Supercooling was very persistent in the RbF—HF system, especially in the case of the mix- 
tures richer in hydrogen fluoride. It is probable, therefore, that the halt-points obtained for 
some of these rich mixtures are somewhat too low. No satisfactory means of eliminating the 
supercooling was devised. However, the plotting of initial setting-points (which are more or 
less affected by supercooling) against total composition has been used to determine the thermal 
diagrams of many binary mixtures, and these diagrams have been recognised as being substan- 
tially correct. In the present case, several points showed mo supercooling (see table), while, of 
the remainder, some being near to maxima, the compositions of the liquid and the solid are 
nearly the same, so that the separation of moderate amounts, of solid will hardly affect the 


composition of the whole. This will also be the case near to minima, which are end-points of 
crystallisation. For instance, points 2, 3, 5, 6, 9, and 10 are hardly affected by supercooling. 
The remaining points, in which supercooling might affect the composition of the liquid, are in 


Data for Thermal Diagram. 


Super- Total Compn. of 
Initial cooling compn. of first separ- 
No. of __halt- (S) or material, ating solid, 
point. point. not(N). HF, %.* HF, %.* Remarks. 
1 51-7° slight S — — Specimen prepared from dilute HF (Part I). 
la 52-5 = slight Ss 28-1 D — Specimen prepared from pure, anhydrous HF. 
30-2 slight Ss 331-91 P 33-4 PD ? “ RbF,2-5HF ” (HF, 32-4%) separating. 
31-1 S 34-71 D 34:75 D ? Eutectic between RbF,3HF and “‘ RbF,2 5HF.” 
33-8 S 34-13 © _ — 
40-0 . 36-0 D 35:92; Mixture closely approximated to RbF,3HF. 
36-98 # 
36-83 # 36-6 | Substance practically pure RbF,3HF. 
38-48 D 36-0 D Not shown on thermal diagram. 
38-97 8 “= This point lies near eutectic between RbF,3HF and 
RbF,3-5HF. 
41-8 ©? 37:86 # The removal of some mother-liquor (HF, 43-3%) 
reduced the total HF content, and during this 
manipulation, the solid, which had the appear- 
ance of RbF,3-5HF, probably lost HF. 


Z 


45-0 
32-0 


Zanlon 


33-0 


9 
10 
ll 


41-64 D —_— 
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42-8 D 38-93 >; RbF,3-5HF separating " solid; second result for 
41-38 crystals after standing. 

43-7 D 40-332 RbF,3-5HF separated in clear crystals on standing. 

45-7 D =e —_— 

45-6 ¢ — Mass became totally solid at initial halt-point. 

47-66 © 40-0 D Solid consisted of RbF,3-5HF, not RbF,4-5HF. 
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* D = Direct NH, titration. B = Excess NH; and back-titration with HCl. H = “ Heating 
ff ’’ (gravimetric) method. C = Calculated. 
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good general agreement. Any considerable change in the composition of the liquids due to 
separation of solids might abolish an apparent maximum at 4, the curve then, however, not 
agreeing with 5. The minimum between RbF,3-5HF and RbF,4-5HF would also fall at a higher 
temperature. With regard to reproducibility, it may be mentioned that the points were deter- 
mined in irregular order during 4 different series, each using newly prepared or well kept and 
newly analysed material. Thus, two closely situated points may be derived from quite distinct 
experiments. 

The diagram is considered reasonably accurate and is more complete than any published 
hitherto on acid fluorides, on account of the extent of supporting analytical data available. 
It indicates maxima corresponding to the compounds which have been described and also their 
intervening eutectics. 

Rate of Loss of Hydrogen Fluoride from the Higher Acid Fluorides.—The systems under 
investigation at the ordinary temperature have only low pressures of hydrogen fluoride which 
could best be measured by a dynamic method, e.g., with absorption in standard alkali. After 
some preliminary experiments in this direction, it was decided that measurements of rate of loss 
of weight of the substance when confined in a suitable container over a known absorbent would 
give just as satisfactory information as to the nature of the solid phases present. The sub- 
stance taken was intermediate between RbF,3-5HF and RbF,3HF. 

The rubidium compound was contained in an open platinum crucible which was enclosed in 
a copper-plated cylinder with a screw lid. This vessel contained a layer of pure dry sodium 
fluoride. The tightly closed vessel was stored under approximately constant temperature 
conditions in a desiccator over concentrated sulphuric acid. The crucible and contents were 
weighed at intervals during 3 months, and the sodium fluoride stirred occasionally to expose 
an active absorbing surface. A graph of total weight against time (in days) showed a definite 
change in direction at about 36-4% of hydrogen fluoride (as found by extrapolation) (Calc. for 
RbF,3HF: HF, 36-4%), a sharp break at 27-58% (Calc. for RbF,2HF: HF, 27-68%), and 
another at 16-53% (Calc. for RbF,HF: HF, 16-08%). After this, the weight remained practi- 
cally unchanged, since the vapour pressure of hydrogen fluoride over RbF,HF is very low at 
ordinary temperatures. 

The results of this experiment afford additional evidence for the existence of definite com- 
pounds of rubidium fluoride with hydrogen fluoride having different vapour pressures. 

Properties and Characters of the Higher Acid Fluorides—RbF,2HF. This substance has 
been previously described ; in the present work, however, a very good specimen of the crystalline 
solid has been obtained (see above). 

RbF,3HF. This compound separates from RbF-HF mixtures in which the percentage of 
hydrogen fluoride lies in the region 35—ca. 40. Also, from mixtures containing almost the 
theoretical amount of hydrogen fluoride, the substance is obtained, by chilling the supercooled 
liquid, in the form of a crystalline solid of rather friable texture, having a low vapour pressure 
of hydrogen fluoride in absence of moisture. The m. p. is in the neighbourhood of 45°. The 
thermal diagram delimits the conditions of its existence. ; 

The following analyses have been obtained for the substance (Calc. for RbF,3HF: HF, 
36-47%) : (a) by excess ammonia and back titration with hydrochloric acid (see Part I), HF 
36-98% ; (b) by direct titration with ammonia, HF, 35-9, 36-0%; (c) by loss in weight when 
heated, HF, 36-6, 36-98%. 

RbF,3-5HF. From RbF-HF mixtures containing about 45% of hydrogen fluoride, speci- 
mens of a hard crystalline solid of this composition have been obtained on several occasions. 
Analyses of samples obtained in various experiments were: by method (a), HF, 39-87, 39-15% ; 
by method (b), HF, 40-0, 40-33, 38-93% ; by method (c), HF, 41-32% (Calc. for RbF,3-5HF: 
HF, 40-11%). 

The substance forms hard, clear, granular crystals of definite character; the m. p. appears 
to be between 34° and 40°, but has not been determined exactly on account of the deliquescent 
' nature of the substance and the small quantities available. The vapour pressure is fairly low 
just above the m. p., since it was found possible to maintain the substance in the liquid state for 
some time without great loss of hydrogen fluoride taking place.- 

The existence of RbF,3-5HF in equilibrium with liquids of diverse composition has been proved 
by points 9, 10, 11, and 12 (see figure), and this evidence, combined with that from point 7, 
indicates the existence of a maximum m. p. very close to the composition stated. 

RbF,4-5HF. Points 13,,14, and 15 distinctly suggest a compound of this composition, 
m. p. ca. 23°. However, (see p. 113) it appears to decompose when pressed, passing into 
RbF,3-5HF. No doubt a successful isolation would require more elaborate technique. 
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Conclusion.—The studies detailed above have shown that, by the vse of pure anhydrous 
hydrogen fluoride, at least two acid fluorides of rubidium containing more hydrogen 
fluoride than RbF,2HF can be obtained. The approximate thermal diagram shows the 
possible existence of other acid fluorides also. 


The authors are indebted to the Chemical Society for grants. 
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25. The Photo-oxides of 9: 10-Dixenylanthracene and 
9 : 10-Diphenyl-2-methylanthracene. 


By Denis DUVEEN and ANTOINE WILLEMART. 


The preparation of 9: 10-dixenylanthracene and the photo-oxides of this hydro- 
carbon and of 9: 10-diphenyl-2-methylanthracene are described. The thermal 
decomposition of these two photo-oxides was effected, and the yields of oxygen 
liberated determined: these were 95% and 94% respectively of the theoretical 


amounts. 


Previous work (vide infra) has shown that the photochemical combination in a meso- 
position of a molecule of oxygen with substituted anthracenes is influenced to no great 
extent by the number or the nature of meso-substituents if these are of a purely alkyl 
nature. In fact photo-oxides have been obtained in which the substituents were one or 
two aliphatic, one or two aromatic, or even one aromatic and one aliphatic radical. The 
single exception is 9: 9’-dianthranyl (Dufraisse, Velluz, and Velluz, Bull. Soc. chim., 
1938, 5, 600), which can be considered as being a meso-anthranylanthracene. 

The thermal decomposition of photo-oxides to give oxygen and the original hydro- 
carbon is, however, largely influenced, as far as the yield of oxygen liberated is concerned, 
by both the number and the nature of meso-substituents, a high yield of oxygen being 
obtained only in those cases in which the substituents are aromatic in character; ¢.g., 
the photo-oxides of 9: 10-dimethylanthracene and 9:10-diphenylanthracene give 0% 
(Willemart, Bull. Soc. chim., 1938, 5, 556) and 96% (Dufraisse and Etienne, Compt. rend., 
1935, 201, 280; Dufraisse and Le Bras, Bull. Soc. chim., 1937, 4, 349) is nat t| of the 
theoretical quantity of oxygen. 

Striking analogies have frequently been observed between snete-dighunglenticacune 
and hexaphenylethane; e.g., both become coloured on heating and both give addition 
compounds with sodium and potassium and also with maleic anhydride. This parallel is 
probably more apparent than real (Dufraisse and Houpillart, Compt. rend., and Dufraisse, 
Bull. Soc. chim., in course of publication), though it formed an exceedingly useful working 
tool and was responsible for the original discovery and study of the photo-oxidation of 
9 : 10-diphenylanthracene: it was from a consideration thereof that the present work 
was undertaken. 

It is known that the degree of dissociation of a hexa-arylethane into the corresponding 
free triarylmethyl radical depends, among other factors, on the nature of the substituents. 
The phenyl group, while necessary to produce dissociation in an appreciable amount, only 
contributes to this effect to a comparatively small degree, hexaphenylethane in benzene 
solution being dissociated to the extent of only 5% under the most favourable conditions 
(Wieland, Ber., 1909, 42, 3029). On the other hand, the influence of the xenyl radical is 
much more pronounced, since dixenyltetraphenylethane is dissociated to the extent of 
15%, tetraxenyldiphenylethane 80%, and hexaxenylethane 100% (Schlenk, Weickel, and 
Herzenstein, Annalen, 1910, 372, 1; Ber., 1910, 43, 1754). In this respect the colours 
exhibited by solutions of these various hexa-substituted ethanes are instructive colours 
which are considered to bear a definite relation to the degree of dissociation. 

It thus appeared of particular interest to study 9 : 10-dixenylanthracene for two main 
reasons: Firstly, if, as suggested by Ingold and Marshall (J., 1926, 3080), the change in 
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colour on heating which is exhibited by 9 : 10-diphenylanthracene is connected with the 
formation of a biradical form, this phenomenon should be much accentuated in the case 
of 9: 10-dixenylanthracene, which might even be expected to be coloured in the solid 
state and almost certainly so in solution. We found that the latter hydrocarbon was 
colourless, became only slightly yellow on heating, and gave colourless solutions in the 
usual organic solvents. In addition it exhibited absorption bands in agreement with those 
_ of the other anthracenic hydrocarbons previously studied, showing only the displacements 

in the region of the longer wave-lengths predicted from the nature and number of the 
substituents. This fits in well with the spectroscopic studies of Dufraisse and Houpillart 
(loc. cit.), who failed to find: any trace of the existence of a biradical form of 9: 10-di- 
phenylanthracene. 

Secondly, in the thermal decomposition of photo-oxides of meso-substituted anthracenes 
previously studied, whenever the substituents were both aromatic in character a high 
yield of oxygen was obtained, often approaching but never reaching the theoretical 
maximum 100%. It seemed likely that the two meso-xenyl groups, being powerfully: 
electron-attracting, would have the effect of increasing the yield of oxygen liberated by 
weakening the fourth bonds of the carbon atoms to which they were attached, the other 
two bonds being already attached to aromatic electron-attracting groups. 

The employment of the usual technique gave the photo-oxide of 9 : 10-dixenylanthracene, 
but only 95% of the theoretical quantity of oxygen could be liberated, a figure which is 
close to that given by the thermal decomposition of the photo-oxide of 9 : 10-diphenyl- 
anthracene. However, we do not regard this as proof that the theoretical maximum 
cannot be more nearly attained: the preparation of these photo-oxides is always a 
delicate reaction and their purification is rendered difficult by the sparing solubility of 
both the original hydrocarbon and the photo-oxides. Although analyses and microscopic 
homogeneity indicated that the products were chemically pure, it is conceivable that the 
necessary small amount of impurity was present to lower the yield by a few units %. 

We also prepared the photo-oxide of 9 : 10-diphenyl-2-methylanthracene : this decom- 
posed on heating to yield 94% of the theoretical quantity of oxygen. This fact is in 
harmony with the findings of previous workers regarding both the high yields obtained 
when the two meso-substituents are aromatic in character and the comparative absence 
of influence of substituents of various natures in the 2-position. 


EXPERIMENTAL. 


4-Bromodipheny] was prepared in good yield by Gomberg and Bachman’s method (‘‘ Organic 
Syntheses,”’ Collective Vol. I., p. 109). 

9 : 10-Dihydroxy-9 : 10-dixenyl-9 : 10-dihydroanthracene.—Dark violet 4-xenyl-lithium was 
prepared (Gilman, J. Amer. Chem. Soc., 1933, 55, 1262) by the action of 4-bromodiphenyl (6 
g-) on lithium (0-4 g.) in anhydrous ether (30 c.c.) in an atmosphere of pure nitrogen. Anthra- 
quinone (2 g.) was then added in small portions; a vigorous reaction set in and a brown 
precipitate formed. After 1 hour, the product was poured on ice, the ether allowed to 
evaporate overnight at room temperature, the solid collected, dried, and extracted with ethyl 
acetate (150 c.c.), and the extract evaporated to dryness. The residue (6 g.), crystallised 
twice from boiling toluene (40 c.c.), gave the desired product in colourless needles (2-5 g.), 
m. p. 210—212° (Found: C, 88-15; H, 5°9. C;,H,,O, requires C, 88-4; H, 5-4%). 

9 : 10-Dixenylanthracene.—The above quinol (2-5 g.) was refluxed with acetic acid (40 c.c.) 
and potassium iodide (2-5 g.). Iodine was immediately liberated and after } hour sodium 
hypophosphite was added to destroy the free iodine and the solution was poured into cold 
water (500 c.c.). The precipitated hydrocarbon was filtered off, dried, and recrystallised (2-4 g.) 
from boiling xylene (650 c.c.); it (1-8 g.) then had m. p. about 415° (copper block). It gave 
fluorescent solutions with the usual organic solvents (Found: C, 94:4; H, 6:1. CggHa, 
requires C, 94-6; H, 5-4%). 

Photo-oxide of 9 : 10-Dixenylanthracene.—A solution of the hydrocarbon (0-5 g.) in carefully 
purified carbon disulphide (1250 c.c.) was exposed to sunlight until a sample, evaporated to 
dryness and redissolved in benzene, showed no fluorescence (15—35 minutes according to the 
actinic activity of the light). The solution was then evaporated to dryness below 30° in a 
vacuum. Small crystals were left, which could be recrystallised from carbon disulphide, 
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ether, or benzene by concentration of the solutions in a vacuum (Found: C, 88-3; H, 5-55. 
C,,H,,O, requires C, 88-7; H, 5-05%). 

The photo-oxide (0-1665 g.) liberated oxygen (6 c.c. at N.T.P.) at 190—200° in a vacuum. 
This represents 95% of the theoretical quantity caiculated for C,;,H,,O,. The solid residue 
had m. p. 414—415°, alone or mixed with the original hydrocarbon. 

9 : 10-Dihydroxy-2-methyl-9 : 10-dihydroanthracene.—This was prepared by the action of 
phenylmagnesium bromide on 2-methylanthraquinone and purified by crystallisation from 
toluene; m. p. 246° (copper block). Guyot and Stachling (Bull. Soc. chim., 1905, 33, 1106) 
and Schlenk and Bergmann (A mnalen, 1928, 463, 185) give m. p. 240° and 238° respectively. 

9 : 10-Diphenyl-2-methylanthracene, also previously prepared by the above authors, was 
obtained by reducing the quinol (4-6 g.) with potassium iodide (4-6 g.) in acetic acid (50 c.c.). 
It could be satisfactorily recrystallised from alcohol, acetic acid, ethyl acetate or dibutyl ether, 
and had m. p. 242—243° (copper block). 

The Photo-oxide of 9: 10-Diphenyl-2-methylanthracene.—This was prepared by irradiation 
with sunlight of a solution of the hydrocarbon (1 g.) in pure carbon disulphide (500 c.c.) and 
purified by recrystallisation from carbon disulphide, ether, or preferably ether—light petroleum. 
The photo-oxide (0-091 g.), when heated to 170—175° in a vacuum, liberated pure oxygen 
(5-1 c.c. at N.T.P., representing 94% of the theoretical quantity calculated for C,,H,,0,). 
The residue (0-084 g.) melted at 241°, alone or mixed with the original hydrocarbon. 

The absorption spectra of the two hydrocarbons were determined with the special apparatus 
made by Jobin and Yvon and described in detail in Revue Optique Theorique et Instrumentale, 
1936, 15, 19 (see also Dufraisse and Houpillart, ibid., 1936, 16, 321). 


We desire to express our appreciation of the kind interest shown by Professor Charles 
Dufraisse in the present work. 


CoLLEGE DE FRANCE, Paris, V°. [Received, November 14th, 1938.] 





26. The Thermochemistry of Solutions. Part IV. The Heat of 
Solution of Sodiwm Chloride in Methanol—Water Mixtures. 


By R. L. Moss and J. H. WOLFENDEN. 


The heat of solution of sodium chloride at high dilution in methanol—water mixtures 
has been measured in an adiabatic calorimeter previously described. The results 
support the view that the ions are preferentially solvated by water but that methanol is 
not excluded from the solvent sheath except when the water concentration is com- 
paratively high. 


THE object of the present work was to obtain, by thermochemical measurements, evidence 
as to the composition of the solvent sheath around the ions of a salt dissolved in a mixed 
solvent. The differential electrostatic attraction of ions for molecules of varying polaris- 
ability must be expected to lead to a higher concentration of the more polarisable solvent 
round the ions of an electrolyte dissolved in such a mixture. Whether and in what circum- 
stances this preferential attraction may cause the molecules of the more polarisable solvent 
to monopolise the solvent envelope round the ions is a matter for experimental investig- 
ation. The limited evidence available (e.g., Shaw and Butler, Proc. Roy. Soc., 1930, A, 129, 
519, from the effect of lithium chloride on the activities of ethanol-water mixtures; Hughes 
and Hartley, Phil. Mag., 1933, 15, 610, from the effect of small additions of water on the 
conductivity of non-aqueous electrolytes) suggests that the exclusion of the less polarisable 
solvent is less complete than might perhaps have been expected, but it seemed worth while 
to seek confirmatory evidence from an independent source. 

If the heat of solution (extrapolated to infinite dilution) of sodium chloride in methanol- 
water mixtures is measured, the variation of heat of solvation with changing solvent com- 
position is revealed, and the results may be expected to give some indication of the nature 
of the solvent sheath in relation to the bulk composition of the solvent. The result of such 
experiments is described below. 


EXPERIMENTAL. 


The calorimeter for heats of dilution described in Part I (J., 1934, 1362) was used; blank 
experiments showed that the silver lid was entirely efficient in excluding solvent vapour from the 
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salt in the inner compartment before dissolution began. The only substantial modification in 
the apparatus consisted in the installation of an improved multiple-junction thermel for showing 
temperature differences between bath and calorimeter. The increased sensitivity and mechan- 
ical stability of the new thermel justify a short description of its construction. 

The thermel consisted of alternate strips of copper and constantan ribbon rolled from wire 
(S.W.G. 28) to a breadth of about 1 mm. It was wound round a series of ebonite formers, 
rectangular in cross section (16 mm. x 6 mm.), which converged radially from the surface of 
the submarine to within 1 mm. of the outer surface of the rotating calorimeter. A thread, 
1 mm. wide, was made in each former with a very thin file so that an average of seven couples 
per cm. length of former was made possible. Eight such formers were mounted in the upper 
half of the submarine with Faraday cement, thin strips of mica serving to insulate the outer 
set of junctions electrically from the submarine. The eight formers, comprising 302 effective 
thermocouples, were arranged electrically in two groups of four; the constituent members of 
each group were in series and the two groups in parallel with one another. _ The resistance of 
thermel and leads was found to be 48 ohms. With a short-period galvanometer (resistance 
12 ohms; sensitivity 500 mm. per microampére) the new thermel showed a sensitivity of 3000 
mm. per degree Centigrade on a scale 120 cm. from the galvanometer mirror. This increased 
_ sensitivity (2} times that of the thermel described in Part I) eliminated the need for a reading 
microscope, minimised the effect of parasitic potentials in the thermel circuit, and generally 
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simplified the task of maintaining the temperature of the bath equal to that of the calorimeter. 
The increased rigidity and compactness were also advantageous. 

The installation of the new thermel was expected to contribute substantially to the effective 
heat capacity of the calorimeter and to an extent which could not be calculated a priori. The 
heat capacity was therefore re-determined by measuring the heat of solution of sodium chloride 
in water in the calorimeter and combining the results with the accurate data of Lipsett, Johnson, 
and Maass (J. Amer. Chem. Soc., 1927, 49, 935, 1340) for this quantity. The mean of seven 
determinations at 20° gave a heat capacity of 24-2 cals. /degree. 

The experimental procedure was identical with that described in Part I. In calculating 
the results tabulated above, the specific heat of the final solution was taken to be that of the mixed 
solvent as determined by graphical interpolation from the dafa of the International Critical 
Tables. In order to extrapolate the heats of solution obtained to infinite dilution, it is necessary 
to make some assumption as to the heat of dilution of sodium chloride in methanol—water 
mixtures. For this purpose the theoretical heat of dilution according to the Born—Bjerrum 
equation has been employed, Akerléf’s dielectric-constant data (ibid., 1932, 54, 4125) for 
methanol—water mixtures being used. The heats of solution were measured at such low con- 
centrations that the uncertainty caused by this approximation is very unlikely to lead to any 
appreciable error in the general form of the variation of the heat of solvation with solvent 
composition. 

Results —In the table, col. 1 shows the composition of the solvent as molar percentage of 
methanol, col. 2 the concentration of the solution formed (C, in moles/l.), col. 3: the heat of 
solution (H, in kg.-cals./mole), and col. 4 the value of the heat of solution corrected to infinite 
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dilution, H,,. The initial temperature in each experiment was 20° + 0-1°; at this temperature 
the heats of solution at infinite dilution in the two pure solvents are — 2-5, and + 1-0, kg.- 
cals./mole respectively for methanol and water (cf. Part II), the positive sign corresponding to 
heat absorbed. The error of any single determination is unlikely to exceed 0-1 kg.-cal.; the 
concordance between duplicate values under the same conditions is usually distinctly better. 
The mean values of the heat of solution at infinite dilution are plotted against solvent compos- 
ition in the diagram. 


DISCUSSION. 


In interpreting the results it is well to bear in mind the relative proportions of ions 
and solvent molecules present. In a 0-025n-solution of sodium chloride in 95 molar % 
methanol, the proportions of the molecular species present are of the order of Nat = Cl- = 
1; H,O = 60; MeOH = 1000. In such a solution there are therefore plenty of water 
molecules available completely to hydrate the ions present. It is observed, however, 
that, although the heat of solution rises rapidly with increasing concentration of water, 
in 95% methanol the heat of solution (— 1-8, kg.-cals./mole) is still much nearer the 
value for pure methanol (— 2-59 kg.-cals./mole) than that for pure water (+ 1-0, kg.- 
cals./mole). A heat of solution midway between that for the pure solvents is not reached 
until the concentration of the water has increased to about 15 moles %. Without imply- 
ing any simple proportionality between heat of solvation and composition of the solvent 
sheath, it is clear that the greater affinity of the ions for water is not sufficient to exclude 
methanol from the solvent sheath until there is a relatively high proportion of water 
molecules present. The existence of a maximum in the heat of solution curve suggests, 
however, that the relationship between heat of solvation and the composition of the 
solvent sheath cannot be a simple one; we cannot offer an explanation of this unexpected 
maximum. 


We wish to express our gratitude to the Royal Society and to Imperial Chemical Industries, 
whose grants had made possible the construction of the calorimeter used in this work. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, November 21st, 1938.] 





27. Some Observations on Alkyl Ethers of 
Hydroxymethyleneacetophenone. 


By JAMES WALKER. 


According to the literature the O-alkylation of hydroxymethyleneacetophenone is 
not a facile process. The methyl and the ethyl ether have, however, been prepared. 
The latter on condensation with ethyl sodiomalonate yielded ethyl 6-phenylcoumalin- 
3-carboxylate, and the former on treatment with ethyl sodioacetoacetate gave ethyl 
3-hydroxydiphenyl-4-carboxylate. 3-Hydroxydiphenyl-4-carboxylic acid and 3-hydroxy- 
diphenyl were also prepared. 


Von AuwERs has commented (Ber., 1938, 71, 2082) on the difficulty of preparing alkyl 
ethers of hydroxymethyleneacetophenone and pointed out that he and Schmidt (Ber., 
1925, 58, 536) succeeded in preparing the ethyl ether, following failure by Claisen. Sen 
and Mondal (J. Indian Chem. Soc., 1928, 5, 627) attempted to prepare the methyl and the 
ethyl ether, but were unable to obtain pure specimens; in any case, the boiling point 
(120—130°/45 mm.) of their supposed methyl ether does not bear comparison with that 
(145—147°/12 mm.) of the authentic substance described below, and their ethyl compound 
was merely described as a “‘ coloured liquid ”’ yielding acetophenone on hydrolysis and no 
constants were quoted. 

The lability of these ethers makes the attainment of satisfactory yields difficult, but 
the methyl ([; R = Me) and the ethyl (I; R = Et) representative have been prepared. 
Ethoxymethyleneacetophenone (I; R = Et), on treatment with ethyl sodiomalonate, 





i th “teen, cin. de. eee 





[1939] Alkyl Ethers of Hydroxymethyleneacetophenone. 121 


yielded an unstable product, passing, with loss of alcohol, into ethyl 6-phenylcoumalin- 
3-carboxylate (II), probably identical with the compound stated, with no details beyond 
melting point (107—108°), by Claisen (Ber., 1903, 36, 3671) to result from the action of 
dilute sulphuric acid on ethyl phenylpropargylidenemalonate (III). The compound (II) 
is a possible laboratory precursor of the natural product 6-phenylcoumalin (IV), but no 
convenient method of effecting the necessary conversion, (II) —-~> (IV), was, however, 
disclosed by exploratory experiments. 
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Methoxymethyleneacetophenone (I; R = Me), on condensation with ethyl sodioaceto- 
acetate, yielded ethyl 3-hydroxydiphenyl-4-carboxylate (V). The free acid was prepared 
and subsequent decarboxylation gave 3-hydroxydiphenyl. 


EXPERIMENTAL. 


Methoxymethyleneacetophenone (1; R = Me).—(a) Crude sodio-derivative (68 g.) of hydroxy- 
methyleneacetophenone (v. Auwers and Schmidt, loc. cit., p. 535) was dissolved in absolute 
alcohol (200 c.c.) and refluxed with methyl iodide (40 c.c.; 1-5 mols.) until the mixture had 
a neutral reaction (approx. 14 hours). The solvent was largely removed under diminished 
pressure, and the residue mixed with water and extracted with ether. The extract was washed 
with very dilute sodium hydroxide solution and then with water, dried (anhydrous sodium 
sulphate), and evaporated. The product (37 g.) was fractionally distilled under diminished 
pressure and a fraction (22-2 g.), b. p. 100—160°/16 mm. (mainly 150°/16 mm.), was collected, 
leaving a considerable tarry residue. On further fractionation the distillate yielded the methyl 
ether as a faintly yellow oil (14-5 g.), b. p. 145—147°/12 mm., nj 1-5688 (Found: C, 74-2; 
H, 6-4; OMe, 19-6. C,)H,,O, requires C, 74-1; H, 6-2; OMe, 19-2%). Rectangular plates 
separated from the oil on standing. 

(b) Crude sodio-derivative (45 g.) of hydroxymethyleneacetophenone was dissolved in 
water (100 c.c.) and shaken mechanically with a slight deficit of methyl sulphate (21-2 c.c.; 
85% of 1 mol.) for 24 hours. The whole was mixed with water, and an ethereal extract mani- 
pulated as above. The pure product (11 g.) distilled at 140—145°/11 mm., nj” 15750. There 
was again a considerable tarry residue in the preliminary fractionation. 

Ethoxymethyleneacetophenone (1; R = Et).—This was prepared by method (a) above, ethyl 
iodide being used. The product (ca. 25% yield) had properties in agreement with those re- 
corded by v. Auwers and Schmidt (loc. cit.). 

Ethyl 6-Phenylcoumalin-3-carboxylate (II).—Ethoxymethyleneacetophenone (8-3 g.) in ab- 
solute alcohol (10 c.c.) was added to an absolute-alcoholic solution (50 c.c.) of ethyl sodiomalon- 
ate (8-1 g. of ester; 1-15 g. of sodium) cooled in a freezing mixture. A golden-yellow colour 
developed immediately and deepened to reddish-orange in a few hours while a small amount 
of solid separated. After 24 hours ice-water was added and the heavy oil precipitated was 
extracted with ether, dried (anhydrous sodium sulphate), and recovered as a light brown oil 
(16-7 g.); this, on distillation under reduced pressure, appeared to undergo decomposition 
with separation of a low-boiling liquid (presumably alcohol, though not examined) ; subsequently 
a fraction (5-1 g.) was collected, b. p. 185—195°/0-3 mm., as a yellow oil which crystallised 
spontaneously. The ethyl ester (II) was extremely readily soluble in all the common solvents 
except ether and light petroleum. Crystallisation from a small volume of ether afforded long, 
lemon-yellow, prismatic needles, m. p. 105—106° (Found : C, 68-8; H, 5-0. C,,H,,O, requires 
C, 68-8; H, 49%). The ester possessed the peculiar property of showing a strong green 
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fluorescence in the crystalline state but was non-fluorescent in solution or in the fused super- 
cooled state. 

Ethyl 3-Hydroxydiphenyl-4-carboxylate (V).—Ethyl acetoacetate (8-6 c.c.; 1 mol.) was con- 
verted into the sodio-derivative with powdered sodium (1:56 g.) in dry benzene (50 c.c.) and 
then, after thorough cooling, treated with methoxymethyleneacetophenone (11 g.; 1 mol.), 
which was washed into the mixture with a little dry benzene. Two orange-coloured layers 
were formed, the lower being somewhat viscous. After 40 hours at room temperature the 
mixture was refluxed for an hour, cooled, and shaken with dilute acetic acid. The separated 
benzene layer, dried (anhydrous sodium sulphate) and evaporated, yielded a crude brown oil 
(18-1 g.), which was distilled ina vacktum. After removal of fore-runnings a colourless viscous 
oil (7-0 g.) distilled at 165—195°/0-3 mm. (mainly 190°/0-3 mm.) and crystallised completely 
on being cooled and scratched. The ethyl ester (V) separated from alcohol in stellate clusters 
of colourless prisms, m. p. 44—45° (Found: C, 74:3; H, 5-8. C,;H,,0O, requires C, 74-4; 
H, 58%). With aqueous alcoholic ferric chloride a port-wine colour was developed. 

3-Hydroxydiphenyl-4-carboxylic Acid.—The foregoing ester (0-5 g.) in methyl-alcoholic solu- 
tion (6 c.c.) was warmed with 30% aqueous potassium hydroxide (3 c.c.; 5 mols.) under reflux 
on the water-bath for 20 minutes. Dilution with water caused separation of the potassium 
salt; this was redissolved by warming, and dilute hydrochloric acid liberated the free acid, 
which was collected in a centrifuge, washed with water, and dried over phosphoric oxide in 
a vacuum desiccator (yield, 0-45 g.). Recrystallisation from glacial acetic acid or, better, 85% 
acetic acid afforded small, compact, colourless prisms, m. p. 207—208° (Found: C, 72:9; 
H, 4-6. C,3H O03 requires C, 72-9; H, 4-7%). The acid gave a purple colour with ferric chlor- 
ide in aqueous alcoholic solution. 

3-Hydroxydiphenyl.—The above acid underwent only partial decarboxylation when heated, 
and the following method was adopted. The acid (0-56 g.) was refluxed (metal-bath, 270°) 
in quinoline (5 c.c.) with copper chromite (0-1 g.) (Adkins and Connor, J. Amer. Chem. Soc., 
1931, 53, 1092; cf. Reichstein, Griissner, and Zschokke, Helv. Chim. Acta, 1932, 15, 1067) for 
25 minutes. The cooled mixture, in ethereal solution, was filtered through norit and washed 
repeatedly with dilute mineral acid to remove quinoline, with sodium bicarbonate solution 
to remove any unchanged acid, and finally thrice with potassium hydroxide solution to re- 
cover the phenol. The crude phenol (0-44 g.), recovered from the caustic alkali washings, was 
treated with norit in aqueous alcoholic solution and then recovered (0-37 g.) by means of ether. 
The compound separated from light petroleum (b. p. 60—80°) in long colourless needles, m. p. 
74—75° alone and in admixture with an authentic specimen (m. p. 74—75°) kindly supplied by 
Dr. D. H. Hey (Found: C, 84-7; H, 5-9. Calc. for C,,H,,O: C, 84:7; H, 59%). Enrrera 
and La Spada (Gazzetta, 1905, 35, ii, 552) and Jacobson and Loeb (Ber., 1903, 36, 4085) record 
m. p. 75° and 78° respectively. 


It is gratefully acknowledged that this work was carried out during the tenure of a Senior 
Studentship of the Royal Commission for the Exhibition of 1851. 
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28. Preparation and Configurative Relationships of Methyl- 
glucosaminides. 


By ALBERT NEUBERGER and ROSALIND PITT RIVERS. 


a- and §-Methylglucosaminides have been prepared from the corresponding N- 
carbobenzyloxy-derivatives and it is shown that the methylglucosaminide prepared 
by Irvine is the 8-compound. Comparison of the rates of acid hydrolysis of the 
two glucosaminides shows that the a-compound has. cis-configuration on C,. In 
this series of compounds, it is shown that Hudson’s two rules of optical superposition 
are closely obeyed; further, physical data lend strong support to the assumption that 
glucosamine has the same configuration as glucose. 


IT was shown by Moggridge and Neuberger (J., 1938, 745) that the methylglucosaminide 
of Irvine, McNicoll, and Hynd (J., 1911, 99, 250) has a normal glycosidic structure. The 
mode of preparation and the value of the optical rotation of this compound suggest that 
it has the $-configuration. The preparation of the corresponding «-glycoside was also 
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desired both on theoretical grounds and because it would be useful in a projected study 
of the enzymic hydrolysis of glucosamine-containing polysaccharides. 

Treatment of glucosamine hydrochloride with methyl-alcoholic hydrogen chloride leads 
to no glycoside formation; this is doubtless to be ascribed to repulsion of catalytically 
active hydrions by the charged amino-group, since N-acylated glucosamines are readily 
converted into glycosides by such treatment (cf. Moggridge and Neuberger, Joc. cit.). 
If N-carbobenzyloxyglucosamine be used as starting material, therefore, it should be possible 
to obtain the desired glycoside by removal of the carbobenzyloxy-residue from the reaction 
product by reduction with hydrogen and palladium (cf. Bergmann and Zervas, Ber., 1932, 
65, 1192). 

N-Carbobenzyloxyglucosamine (Chargaff and Bovarnick, J. Biol. Chem., 1937, 118, 421) 
with warm methyl-alcoholic hydrogen chloride yields a product which, on catalytic re- 
duction, gives a methylglucosaminide having [«]p + 127° and therefore to be regarded as 
the a-form; on acetylation this gives an N-acetyl derivative identical with the N-acetyl 
methylglucosaminide of Moggridge and Neuberger (loc. cit.). When the glycoside synthesis 
is carried out at room temperature, however, the major product, on reduction, gives 6- 
methylglucosaminide, [«]p) — 24°, identical with the compound of Irvine, McNicoll, and 
Hynd (loc. cit.); the latter can be acetylated to give N-acetyl @-methylglucosaminide, 
[«]p — 43°. Comparison of the rates of hydrolysis of the methylglucosaminide of Irvine, 
McNicoll and Hynd (loc. cit.) and of the new glucosaminide described here indicates that 
both compounds almost certainly possess the same (pyranoside) ring structure. 

Optical Superposition in Glucosamine Derivatives.—With the aid of the present observ- 
ations together with data already available in the literature it is now possible to make a 
preliminary study of the applicability of Hudson’s rules of optical superposition to glucos- 
amine derivatives. The rules are already known to apply to glucosamine itself and to its 
penta-acetate; Table I includes the data for these compounds together with those supplied 
by the present work; for purposes of comparison, values for appropriate derivatives of 
glucose are also given. 

TABLE I. 


a-Compounds. B-Compounds. 





r 


Molecular Molecular 
Substance. [a]p. rotation. [a]p. rotation. Solvent. 2A. 2B. 

d-Glucosamine hydrochloride +21,550° +20°(a) + 4,310° H,O 17,240 25,860 
d-Glucose , 20,016 +17-5 + 3,150 “s 16,866 23,166 
Glucosamine penta-acetate ... . 36,400 . + 467 CHCl, 35,933 36,867 
Glucose penta-acetate , 39,600 + 3- + 1,480 ns 38,120 41,080 
d-Methylglucosaminide hydro- 

chloride 29,146 — 5,508 H,O 34,654 23,638 
d-Methylglucosaminide hydro- 

chloride + 1 equiv. NaOH 27,599 — 6,369 a 33,968 21,230 
d-Methylglucoside , 28,602 . — 6,156 __,, 34,758 22,446 
N-Acetylmethylglucosaminide 24,675 — 10,105 St 34,780 14,570 
N-Carbobenzyloxymethyl- ; 

glucosaminide 26,160 —12,426 C;H,N 38,586 13,734 
N-Acetyl trimethyl methyl- 

glucosaminide 104-3 (e) 28,890 —29(e) -— 8,033 H,O 36,923 20,857 
N-Acetyl trimethyl methyl- 

glucosaminide 33,240 +19-6(e) + 5,429 CHCl, 27,811 38,669 

(a) Hisamura and Kusuno, J. Biochem. Japan, 1938, 27,378. (b) Hudson and Dale, J. Amer. Chem. 

Soc., 1916, 38, 1431. (c) Irvine, McNicoll, and Hynd, loc. cit. (d) Moggridge and Neuberger, loc. cit. 
(e) Cutler, Haworth, and Peat, J., 1937, 1979. 


The figures for the acylated glucosaminides show that the contribution of C, is not 
significantly affected by substitution at C, or by methylation of the remaining hydroxyl 
groups; it is true that the N-carbobenzyloxy-derivative shows some deviation, but this 
may well be due to the difference in solvent, the powerful effect of which is indicated 
by the comparative figures for N-acetyl trimethyl methylglucosaminide in water and in 
chloroform. It will be noted also that addition of alkali to the methylglucosaminide 
hydrochlorides, while altering the magnitude of their molecular rotations, does not affect 
the magnitude of 2A ; the contribution of C, is thus not affected by changes in the remainder 
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of the molecule. Moreover it is apparent that in so far as the 2A values (contribution of 
C,) are concerned the agreement between the methylglycosides of glucose and glucosamine 
is even closer than that between the free sugars and between the penta-acetates. 

The last column of Table I shows that the second rule of Hudson (lack of effect of alter- 
ations at C, on contribution of the rest of the molecule) is also obeyed in so far as free glucos- 
amine and its methyl glycosides are concerned and that the magnitude of 2B is of the 
same order as that for the corresponding derivatives of glucose. On the other hand, N- 
acylation causes marked diminution of the value of 2B unless it is accompanied by 
methylation, in which case 2B is little affected. 

On the whole the agreement of the glucosamine derivatives with the rules of optical 
superposition which apply to those of glucose is sufficiently close to permit the deduction 
that all these derivatives belong to the same (pyranoside) ring system. 

Configurations of a- and 8-Methylglucosaminides——The method depending on con- 
ductivity measurements in boric acid solution which has been used to determine the 
configurations of the a- and 8-methylglucosides is not applicable to the glucosaminides ; 
in the case of the latter, however, the problem can be attacked in a different way. From the 
work of Moggridge and Neuberger (loc. cit.) it can be deduced that the smaller the distance 
between the amino-group and the glycoside linkage the lower will be the acid hydrolysis 
constant for the latter; the glycoside which possesses the cis-configuration should there- 
fore be the more resistant of the two to acid hydrolysis. For §-methylglucosaminide 
Moggridge and Neuberger (loc. cit.) found k = 2-08 x 10°, the hydrolysis being carried 
out with 2-5n-acid at 100°; for «-methylglucosaminide under the same conditions we 
now find k = 4-03 x 10 (data in Table II). The ratio of these hydrolysis constants is 
100 : 510 as compared with a ratio of 100: 180 for those of «- and $-methylglucosides 
(Moelwyn-Hughes, Trans. Faraday Soc., 1929, 25, 503). Comparing the hydrolysis con- 
stants of a-methylglucoside and «-methylglucosaminide and using the formula given by 
Moggridge and Neuberger (/oc. cit.), we obtain a value of 0-7 A. for the distance between 
the charge and the glycoside linkage in the «-glucosaminide; this contrasts with the 
value of 1-7 A. calculated by the above-mentioned authors for the corresponding distance 
in B-methylglucosaminide. It is therefore reasonable to conclude that, as in the case of 
the methylglucosides, the «- and 6-methylglucosaminides have cis- and trans-configurations 
respectively. 

Configurative Relationships of Glucosamine.—The configurative relationship which is 
at present assumed to exist between d-glucosamine and d-glucose has not yet been proved 
chemically, the arguments in its favour being based mainly on the indirect evidence of 
experiments with glucosamic acid (Aun. Reports, 1937, 34, 290); the assumption is, how- 
ever, strongly supported by the following points which emerge from the present work. 

(a) «-Glycosides in general have the d-configuration with respect toC,. Now the kinetic 
experiments discussed above show that the methoxyl group in a-methylglucosaminide 
is in the cis-position with respect to the C,-amino-group; C, must therefore also have the 
d-configuration as in d-glucose. 

(b) Glucosamine hydrochloride, its glycosides and derivatives resemble glucose and 
galactose and differ from mannose in obeying the rules of optical superposition; more- 
over, the absolute values of the respective contributions of C, and of the rest of the molecule 
to the molecular rotations are essentially the same for corresponding derivatives of glucose 
and glucosamine. 

(c) In the natural /-amino-acids, decreasing ionisation of the amino-group, brought 
about by addition of alkali, is accompanied by increasing dextro- or decreasing levo- 
rotation (Lutz and Jirgensons, Ber., 1930, 63, 448). The same phenomenon was observed 
for /-bases in general by Leithe (Ber., 1930, 63, 1498). The methylglucosaminide hydro- 
chlorides show decreasing dextro- and increasing levo-rotation on addition of alkali 
and thus fall into the d-series. 

Even if the uncertainty of the last point, which involves the comparison of the changes 
of rotation with ionisation in two entirely different series of compounds, is admitted the 
cumulative evidence that d-glucosamine is configuratively related to d-glucose is thus 
very strong. 
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' EXPERIMENTAL. 


N-Carbobenzyloxy-a-methylglucosaminide.—A solution of N-carbobenzyloxyglucosamine (16 
g.) in 1 1. of absolute methyl alcohol containing 0-7% of hydrogen chloride was kept at 40°, 
and the rotation observed at intervals: [a]p = + 22-7° (24 hours); + 35° (55 hours); + 60° 
(115 hours); -++ 65° (163 hours). After 163 hours, the solution was neutralised with silver 
oxide, filtered, and evaporated to dryness under reduced pressure. After one recrystallisation 
from water, the substance had [«]p + 80° (constant on further recrystallisation). The pure 
glucosaminide crystallised from water in plates and from m-propyl alcohol in needles, m. p. 
154—155°, [a]p + 80° in pyridine (Found: N, 4:3. C,,H,,0,N requires N, 4:3%). Yield, 
6-68 g. The residue contained in the mother-liquor had [«]p + 26°, which did not alter on 
repeated crystallisation, and kinetic measurements on this residue gave a hydrolysis constant 
similar to that of the pure glucosaminide, thus excluding the presence of furanoside in the 
mixture. 

a-Methylglucosaminide Hydrochloride —N-Carbobenzyloxy-a-methylglucosaminide (2 g.) in 
30 c.c. of absolute ethyl alcohol was reduced with hydrogen in the presence of 1 equiv. of 
hydrogen chloride and 400 mg. of palladium-black. When carbon dioxide was no longer evolved, 
the solution was filtered and evaporated to dryness under reduced pressure. Yield, 98%. 
The residue crystallised from absolute alcohol in needles, m. p. 119°, [«]p + 127° in water 
(Found: C, 36:25; H, 7-2; N, 60. C,H,,0;N,HCl requires C, 36-6; H, 7-0; N, 61%). 
On addition of 1 equiv. of sodium hydroxide, [a]) in terms of the hydrochloride was 
120°. 

An aqueous solution (20 c.c.) containing «-methylglucosaminide hydrochloride (300 mg.) 
was neutralised with freshly precipitated silver oxide and filtered. Keten was passed in for 
2 hours and the solution was then extracted five times with ether to remove polymerisation 
products of keten. The solution was evaporated to dryness under reduced pressure at 40—45°, 
and alcohol added and distilled off. The residue was dried in a vacuum and recrystallised from 
alcohol; yield, 50 mg. [a]p + 104°, m. p. 188—189°, not depressed by the N-acetylmethyl- 
glucosaminide of Moggridge and Neuberger (Joc. cit.), m. p. 189°, [a]p + 105°. 

N-Carbobenzyloxy-8-methylglucosaminide.—A solution of N-carbobenzyloxyglucosamine (10 
g.) in 600 c.c. of methyl alcohol containing 0-7% of hydrogen chloride was left at room temper- 
ature, and the reaction followed polarimetrically. ‘After 72 hours, when the rotation had become 
constant, the solution was neutralised and worked up as described for the a-compound; the 
main product crystallised from water in needles (a residue was obtained with [a]p + 26°, 
which could not be further separated). Yield, 2 g. M.p. 166—168°, [a], — 38° in pyridine 
(Found: N, 4:15. C,;H,,0O,N requires N, 43%). Catalytic reduction of this compound 
gave $-methylglucosaminide hydrochloride, identical with that prepared by Irvine, McNicoll, 
and Hynd (loc. cit.); it had [a], — 24°, and on addition of 1 equiv. of sodium hydroxide [a]p 
in terms of the hydrochloride was — 28°. 

N-A cetyl-8-methylglucosaminide.—An aqueous solution of $-methylglucosaminide hydro- 
chloride (230 mg.) was neutralised with 1 c.c. of 2N-sodium hydroxide, and keten passed into it 
for l hour. 2n-Hydrochloric acid (0-5 c.c.) was added, and the solution evaporated to dryness 
under reduced pressure. The acetyl compound was extracted with alcohol, from which it crystal- 
lised in plates, m. p. 195—196°, [«]) — 43° in water [Found: N, 5-9; CH,°CO (Pregl and 
Soltys), 18-1. C,H,,O,N requires N, 6-0; CH,°CO, 18-3%]. 

N-Carbobenzyloxy Tetra-acetyl Glucosamine.—Ice-cold aqueous solutions of tetra-acetyl 
glucosamine hydrochloride (7-7 g. in 50 c.c.) and sodium bicarbonate (4 g. in 50 c.c.) were mixed, 
and benzyl chloroformate (3-5 c.c., d 1-18) added in 0-5 c.c. portions during 1 hour with shaking ; 
the solution was then left at 0° for 6 hours. The product which crystallised was washed with a 
small quantity of ice-cold water, ground with ether (yield, 65%), dried, and recrystallised from 
30% methyl alcohol, forming needles, m. p. 150—151°, [«]p + 21-5° in pyridine (Found: C, 34-9; 
H, 5°7; N, 2°9. C,ysH,,0,,N requires C, 34:1; H, 5-6; N, 29%). This compound was also 
obtained, in poor yields, by acetylating N-carbobenzyloxyglucosamine both with pyridine and 
acetic anhydride, and with sodium acetate and acetic anhydride. 

Kinetic Measurements——The method used was identical with that of Moggridge and 
Neuberger (Joc. cit.) and the hydrolysis constants were calculated according to Guggenheim 
(Phil. Mag., 1926, 2, 540). Hydrolysis was done in 2-5n-hydrochloric acid at 100°. Time is 
given in hours, and R denotes the equivalent of reducing sugar in c.c. of N/75-thiosulphate ; 
2-98 mg. of substance were used in each reading. 
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TABLE II. 


4 1 2 3 4 6 8 9 10 12 15 18 
0-12 0-33 0-50 0-51 0-77 0-80 1:05 1:17 1:35 1:52 1-70 2-27 
19-5 21 24 27 30 31-5 33 36 39 42 43 -- 
2-02 2:32 2-42 2-70 3-22 3:00 3-16 3:04 3:22 3-42 3-40 7:30* 
* Theoretical end-point. 


From these figures k = 4:03 x 10°. 
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29. Nitronaphthyl and Aminonaphthyl Alkyl Sulphides. 
By HERBERT H. Hopcson and Eric LEIGH. 


The sodium salts of 1-nitro-2-naphthylthiol and of 4-nitro-l-naphthylthiol react 
smoothly with methyl and ethyl sulphates to give excellent yields of the thio-ethers. 
2-Nitro-l-naphthylthiol, however, is methylated with great difficulty and its ethyl- 
ation has not been achieved. 


EXCELLENT yields of 1-nttro-2-naphthyl and 4-nitro-1-naphthyl methyl and ethyl sulphides 
are obtained when the sodium salts of the corresponding thiols react with methyl and 
ethyl sulphates. The methylation of 2-nitro-l-naphthylthiol failed entirely in ten of 
the standard methylation methods, but was finally achieved by heating a paste of the 
slightly moist sodium salt of the thiol with sodium bicarbonate and methyl sulphate. 
This resistance to methylation may perhaps be due to steric hindrance. All attempts 
to ethylate this compound failed. 

1-Amino-2-naphthyl methyl sulphide and 4-amino-1-naphthyl methyl sulphide have been 
satisfactorily diazotised by a modification of the ordinary procedure, which Zincke and 
Schiitz (Ber., 1912, 45, 477) found to be ineffectual. 

The azo-dyes from 4-amino-l-naphthyl methyl sulphide are deeper (bluer) in shade 
than those from l-amino-2-naphthyl methyl sulphide. This reversal of anticipated effects 
appears to indicate a mutual influence of a hypsochromic character between the o-azo- 
and methylthiol groups (cf. Hodgson and Handley, J., 1926, 542; also J. Soc. Dyers and 
Colourists, 1926, 42, 175, for the same effect in the benzene series). 


EXPERIMENTAL. 


General Procedure.—The solid mixture (1 g.) of dinitrodinaphthyl mono- and di-sulphides 
obtained by treatment of a chloronitronaphthalene with alcoholic sodium disulphide is boiled 
for 5 minutes under reflux with a solution of crystallised sodium sulphide (0-35 g.) and sodium 
hydroxide (0-2 g.) in alcohol (40 c.c.) and water (6 c.c.), the insoluble monosulphide filtered 
off, and the filtrate (F) used for the various alkylations described below. 

The sequence of three sets of colours which each sulphide gives when treated with cold, 
hot, and subsequently diluted, sulphuric acid (concentrated), chlorosulphonic acid, and oleum 
(26%) are placed in this order immediately after the m. p. 

4-Nitro-l-naphthyl methyl sulphide. A solution of sodium hydroxide (5 g.) in water (170 
c.c.) was added to F (prepared from 1-chloro-4-nitronaphthalene, 5 g.), and the mixture heated 
to 60—65° and treated with methyl sulphate (ca. 5 c.c.) until the red colour disappeared. Dilu- 
tion with water (200 c.c.) precipitated nearly pure 4-nitvo-l-naphthyl methyl sulphide (4-0 g.), 
which crystallised from aqueous alcohol in canary-yellow needles, m. p. 84-5—85° (bright 
red, yellow, brownish-yellow; bright red, light brown, pink; deep pink, reddish-brown, yellow) 
(Found : N, 6-6; S, 14-7. C,,H,O,NS requires N, 6-4; S, 14-6%). The compound is volatile 
in steam (ca. 0-1 g. per 1. of distillate), readily soluble in acetone, benzene and chloroform, but 
less readily soluble in alcohol, ether and glacial acetic acid, and is stable towards sodium in 
methyl- or ethyl-alcoholic solution. 
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2-Nitro-1-naphthyl methyl sulphide. F from 1-chloro-2-nitronaphthalene (1 g.) was treated 
with hydrochloric acid until it was just acid to litmus; the red colour was discharged and 
a greenish-yellow solid precipitated. The green filtered solution was diluted with water, and 
the solid which separated was filtered off as rapidly as possible (if the solution is diluted prior 
to acidification, a tar is produced), mixed with sodium bicarbonate (3 g.), soaked with methyl 
sulphate (2 c.c.), and heated for 2 hours on the water-bath; litharge was then added. 2-Nitro- 
1-naphthyl methyl sulphide removed by steam-distillation (ca. 0-07 g. per 1. of distillate), crystal- 
lised from aqueous alcohol in small, scintillating, yellow needles (0-1 g.), m. p. 104—105° (deep 
red becoming pale mauve, light brown, colourless; green, light brown, pale yellow; violet, 
dirty yellow, colourless) (Found: N, 6-4; S, 14:5. C,,H,O,NS requires N, 6-4; S, 146%), 
which were readily soluble in acetone, benzene and chloroform, but less readily soluble in alcohol, 
ether, and glacial acetic acid. 

1-Nitvo-2-naphthyl methyl sulphide. F, prepared from 2-chloro-1l-nitronaphthalene (5 g.), 
was treated with sodium hydroxide (5 g.) in water (50 c.c.), and the solution heated to 40—45° 
prior to the addition of methyl sulphate (ca. 5 c.c.) until the reddish-brown colour had dis- 
appeared. The precipitated 1-nitro-2-naphthyl methyl sulphide (3-3 g.) was filtered off, the yield 
being increased by dilution of the filtrate with water (100 c.c.); it crystallised from aqueous 
alcohol in long, slender, yellow needles, m. p. 120° (crimson becoming purple, yellow, dark brown ; 
bluish-green, blue, canary-yellow; violet, dark brown, canary-yellow) (Found: N, 6-6; S, 
14-6. C,,H,O,NS requires N, 6-4; S, 14-6%), which were volatile in steam (ca. 0-08 g. per 1. 
of distillate), easily soluble in chloroform, fairly soluble in acetone, benzene and ether, but 
less soluble in alcohol and glacial acetic acid. The sulphide was stable towards sodium in 
methyl- or ethyl-alcoholic solution. 

4-Nitro-1-naphthyl ethyl sulphide (4-75 g.), prepared in the same way as the methyl homologue, 
ethyl sulphate (ca. 5 c.c.) being used in place of methyl sulphate, crystallised from aqueous 
alcohol in small yellow needles, m. p. 63° (bright red, orange-yellow becoming colourless, colour- 
less; deep pink, light brown, very pale yellow; deep pink, reddish-brown, pale yellow) (Found : 
N, 6-1; S, 13-6. C,,H,,O,NS requires N, 6-0; S, 13-7%), which were volatile in steam (ca. 
0-07 g. per 1. of distillate), easily soluble in chloroform, fairly soluble in acetone, benzene and 
ether, but less soluble in alcohol and glacial acetic acid. 

1-Nitro-2-naphthyl ethyl sulphide (3-5 g.), the preparation of which was similar to that of 
the methyl homologue (ethyl sulphate, ca. 5 c.c.), crystallised from aqueous alcohol in long 
yellow needles, m. p. 87° (maroon becoming yellowish-brown, orange-brown, colourless; dark 
green, dark brown, bright yellow; brownish-yellow, deep yellow, bright yellow) (Found : 
S, 13-8. C,,H,,O,NS requires S, 13-7%), which were volatile in steam (ca. 0-18 g. per 1. of dis- 
tillate), easily soluble in chloroform and benzene, fairly soluble in acetone and ether, but less 
soluble in alcohol and glacial acetic acid. 

Reduction of 4-Nitro-\-naphthyl Methyl Sulphide.—To 4-nitro-l-naphthyl methyl sulphide 
(4 g.) dissolved in hot glacial acetic acid (40 c.c.), a solution of crystallised stannous chloride 
(20 g.) in hydrochloric acid (40 c.c., d 1-16) was added gradually to prevent separation of the 
unchanged substance. The mixture was heated on the water-bath for 15 minutes, the stanni- 
chloride of 4-amino-l-naphthyl methyl sulphide separating in colourless needles (3-8 g.), which 
were filtered off and washed with a little glacial acetic acid [Found: S, 9-0. (C,,H,,NS),SnCl, 
requires S, 8-9%]. Reduction in ethyl alcohol was equally efficacious. 

The stannichloride was heated to 60° with 5% aqueous sodium hydroxide (60 c.c.), and the 
mixture cooled and extracted with ether. From the reddish-violet fluorescent extract, dried 
by anhydrous sodium sulphate, hydrogen chloride precipitated 4-amino-l-naphthyl methyl 
sulphide hydrochloride (1-6 g.). This crystallised from alcoholic hydrochloric acid in small 
colourless needles, m. p. ca. 220° (decomp.) (pink, bright red becoming yellow, yellow; pink, 
scarlet becoming yellow, yellow; brownish-red, reddish-orange becoming yellowish-brown, 
yellow) (Found: Cl, 15-8; S, 14-1. Cale.: Cl, 15-7; S, 14:2%) (cf. Zincke and Schiitz, Ber., 
1912, 45, 477). Evaporation of the ethereal solution of the amine left 4-amino-l-naphthyl 
methyl sulphide; this crystallised from benzene in colourless needles, m. p. 55°, which darkened 
on keeping (Zincke and Schiitz give m. p. 54°) (Found: S, 17-1. Calc.: S, 16-9%), and were 
very slowly volatile in steam, the milky distillate turning violet in a short time. 

4-Amino-l-naphthyl methyl sulphide hydrochloride, when suspended in hydrochloric acid 
(@ 1-16) and treated with aqueous sodium nitrite, gave a yellow diazo-solution, which readily 
coupled with alkaline B-naphthol, Schaffer salt, and ‘“‘ H ”’ acid to give bright red dyes of greater 
intensity and depth of shade than those from the isomeric l1-amino-2-naphthyl methyl sulphide 
(Zincke and Schiitz, Joc. cit., state that the diazotisation is unsatisfactory). The dye with 
““H” acid was violet by reflected light. 
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Reduction of 1-Nitro-2-naphthyl Methyl Sulphide—tThe sulphide (4 g.) was reduced as 
described above except that the heating was continued for 30 minutes; on cooling, l-amino- 
2-naphthyl methyl sulphide stannichloride (5-2 g.) separated in small yellowish-brown crystals, 
which were washed with a little glacial acetic acid; decomp. ca. 195° [Found: S, 9l. 
(C,,H,,NS),SnCl, requires S, 8-9%]. Reduction was less satisfactory in ethyl alcohol. 

1-A mino-2-naphthyl methyl sulphide hydrochloride, obtained in the same way as the isomer- 
ide described above, crystallised from alcoholic hydrochloric acid in small colourless needles, 
m. p. ca. 210° (decomp.) (bluish-green, reddish-mauve, pale yellow; pink, scarlet becoming 
yellow, yellow; deep green, brownish-green, yellowish-brown) (Found: Cl, 15-8; S, 14:1. 
C,,H,,NS,HCl requires Cl, 15-7; S, 14:2%), which were soluble in a limited amount of water, 
excess causing hydrolysis; the solution gave a pink colour and a pink precipitate with ferric 
chloride. A suspension of the hydrochloride in hydrochloric acid (d 1-16) was readily diazotised 
on addition of aqueous sodium nitrite, and the dyes produced by coupling with alkaline B- 
naphthol, Schaffer salt, and ‘‘H ” acid were cherry-red, bright red, and deep bright red by 
transmitted (violet by reflected) light respectively. 

1-Amino-2-naphthyl methyl sulphide was obtained as a yellow oil, b. p. 235°/753 mm. 
(Found: S, 17-0. C,,H,,NS requires S, 16-9%), by distillation of the ethereal solution prepared 
as for the isomeride above; it darkened on exposure to air and was only very slowly volatile 
in steam. 
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30. The Oxidation of Vitamin-A by the Oppenauer Reagent. 
Part II. 


By E. Haworth, I. M. HEILBRon, W. E. Jones, A. L. Morrison, and J. B. Potya. 


Oxidation of vitamin-A with aluminium fert.-butoxide in the presence of diethyl 
ketone gives rise to a C,, aldehyde, characterised by an oxime, m. p. 176—177°. 
Reduction of the aldehyde with aluminium isopropoxide gives an alcohol with an 
absorption maximum at 3590 a. in contrast to that of the original vitamin-A at 
3280 a. It is believed that the aldehyde contains an additional double bond situated 
in the ring. 


WE have recently shown (J., 1938, 175) that the oxidation of a vitamin-A concentrate 
with aluminium #ert.-butoxide in the presence of acetone gives a ketone, C,,H;,0 (I), 
formed by the condensation of the originally produced aldehyde with acetone. With 
the object of isolating the aldehyde itself, we have now investigated the reaction, using 
ketones with which condensation is either impossible or much more difficult to effect. Of 
the numerous compounds tried, including diethyl ketone, ditsopropyl ketone, #-benzo- 
quinone, cyclohexanone, etc., only diethyl ketone proved satisfactory and attention has 
been concentrated on its use. 

It was found that oxidation of a rich vitamin-A concentrate (Ej}%, 3280 a. = 1350), 
obtained from a halibut visceral oil (Lovern, Edisbury, and Morton, Nature, 1937, 140, 
276), gave a crude product exhibiting an absorption band at 3960. (Ej%, = 690) to- 
gether with that of unchanged vitamin-A (Ej%, approx. 400). By means of the Girard 
reagent P (Girard and Sandulesco, Helv. Chim. Acta, 1936, 19, 1095) a carbonyl compound 
was isolated as an orange viscous oil showing a well-defined absorption maximum at 4010 a. 
(E}%, = 1140), the extinction coefficient of which was raised to E}%, = 1430 after chrom- 
atographic adsorption of the substance on calcium hydroxide. With chloroformic antimony 
trichloride it gave a blue-green colour exhibiting a single absorption band at 7400 ., 
in contrast to that at 6460 a. for the ketone (I). It readily formed a semicarbazone (not 
obtained quite pure) (A,,... 4030 A.) and a beautifully crystalline oxime, m. p. 176—177°, 
combustion analysis of which indicated that the parent compound possesses a C,5, and 
not a C,; formulation which would be expected if condensation involving diethyl ketone 
took place as in the case of acetone. This was confirmed by repeating the oxidation in 
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the presence of dipropyl ketone; although the yield was considerably smaller, the same 
oxime was then obtained, thus definitely establishing that the ketone simply acts as a 


CMe, CMe, 
H,C/ \¢-[CH:CH-CMe:CH],-CH:CH-COMe — H,C” \¢-(CH:CH-CMe:CH],-CHO 


H,C CMe (I.) diets (II.) 
NG, ft 


hydrogen acceptor. The reluctance of diethyl ketone to condense with the aldehyde 
is in agreement with the observation of Hibbert and Cannon (J. Amer. Chem. Soc., 1924, 
46, 119) that, whereas citral condenses very readily with acetone in the presence of sodium 
ethoxide, no condensation takes place with diethyl ketone under similar conditions. 
Biological tests show that the aldehyde, in contrast to the ketone (I), possesses growth- 
promoting properties and we have therefore attempted to regenerate the parent alcohol. 
Reduction with aluminium isopropoxide, however, failed to give vitamin-A, but a com- 
pound was formed exhibiting an absorption band at 3590.4. (Ej%, = 1300) and giving 
with chloroformic antimony trichloride a blue-green colour (A,,,,, 7280 A.), in contrast 
to the blue colour shown by vitamin-A with absorption bands at 6170 and 58304. A 
Zerewitinov determination on the reduction product indicated that it contains one active 
hydrogen atom and preliminary feeding tests have shown it to be physiologically active. ~ 
Two possible explanations of these results present themselves: either (a) the aldehyde 
is not the direct oxidation prodtict, Cy9H,,O0, of vitamin-A, or (b) the Pondorff reduction is 
abnormal. From the spectrographic evidence ‘the latter seems improbable, since, as 
shown in Table I, the extent of the displacement of the absorption band in the reduction 
product towards the shorter wave-lengths is in good agreement with that observed for 
other polyene carbonyl compounds. Turning to the alternative possibility, the position 








TABLE I, 



















Corresp. Displace- 

Carbonyl compound. Conj. |. Amen.s Mc alcohol, a. ment, A. 
CID he icevadiceccscccesss 3 3160 2700 460 
Aldehyde from vitamin-A ... ? 4010 3590 420 
a-Apo-2-carotenal ..............- 8 4790 4460 330 
B-Apo-2-carotenal ............... 9 4840 4530 310 






of the absorption maximum (3590 A.) (Fig. 3) of.the alcohol would appear to indicate 
that it contains one double bond more than vitamin-A, a conclusion which is strengthened 


CMe, 
HC’ \¢-(CH:CH-CMe:CH],“CH:CH-CH:CMe-CH,OH 
H,C 


CMe (III.) 
2 
“it, 


CMe, 
H,C/ \¢-[CH:CH-CMe:CH],"CH:CH-CH:CMe-CH:CH-CH:CMe-CH,OH 
H, CMe (IV.) 
Hy 


by comparison with vitamin-A, (approx. 3500 A.) (Gillam, Heilbron, Jones, and Lederer, 
Biochem. J., 1938, 32, 405) and with the position (3560 a.) predicted by Karrer, Ruegger, 
and Geiger (Helv. Chim. Acta, 1938, 21, 1171) for the latter compound from a comparison 
with vitamin-A (5 |~), 8-apo-4-carotenol (7 |~) (III) and 8-apo-2-carotenol (9 |=) (IV). 
Although these authors assume that there is a linear relationship between the wave-length 
maxima and the number of conjugated double bonds, it will be seen from Fig. 1 that the 
frequencies lie on a smooth curve in agreement with the findings of Hausser, Kuhn, and 
Seitz (Z. physikal. Chem., 1935, 29, B, 401) for the diphenyl polyenes. From the similar 
curve (Fig. 1) for the semicarbazones of #-cyclocitral, B-ionylideneacetaldehyde (Kuhn, 
K 
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J., 1938, 613), and B-apo-4-carotenal (Karrer, Solmssen, and Gugelmann, Helv. Chim, 
Acta, 1937, 20, 1020) it will be seen that the position of the absorption band of the semi- 
carbazone of the C9 aldehyde also agrees with the presence of six conjugated ethylenic 
linkages, so that on the spectrographic evidence alone it would appear as though an 
additional double bond has been introduced during the oxidation. The only position 
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Number of double bonds, 


A. B-Ional. E. B-Apo-2-carotenol. 

B. Vitamin-A. F. Semicarbazone of B-cyclocitral. 

C. Vitamin-Ag. G. Semicarbazone of B-ionylideneacetaldehyde. 
D. p-Apo-4-carotenol. H. Semicarbazone of B-apo-4-carotenal. 


in which this could occur is in the B-ionone ring to give a compound of structure (V), a 
reaction paralleled by the conversion of 8-cyclocitral (VI) into safranal (VII) by means of 


CMe, CMe, Ag 
H.C” \C-[CH:CH-CMe:CH]yCHO HC” \ECHOge0,_-HC” \E-CHO 
HO. Me H, op —> HC. vite 
CH 
(V.) (VI. ) (VII.) 
selenium dioxide (Kuhn and Wendt, Ber., 1936, 69, 1549). Although so far we have 
only been able to carry out preliminary work with the object of confirming this explanation, 
we have found that ozonolysis of the aldehyde fails to give geronic acid, thus definitely 
establishing the absence of the B-ionone ring. 
The likelihood that the aldehyde actually contains one double bond more than was 
expected raises the question as to the constitution of the C,, ketone (I) and in this con- 


nexion it is of interest to note that the position of its absorption maximum is identical 
with that of the aldehyde (Table II; Fig. 2), a result leading to the conclusion that the 


TABLE II. 
Compound. Amax., A. 
(a) C,, Ketone (I) 4010 
(b) Cy Aldehyde 4010 
(c) Oxime of (b) 3860 
(d) Semicarbazone of (a) 3970 
(e) Crude ,, » (b) 4030 
Solvent. ethyl alcohol. 
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ketone contains the normal f-ionone ring. It would thus seem that the oxidation proceeds 
to give the true vitamin-A aldehyde in the first place, which, in the presence of an unreactive 
ketone (diethyl ketone) as hydrogen acceptor, is further oxidised in the ring with loss of 
two hydrogen atoms. On the other hand, in the presence of acetone it apparently con- 
denses immediately to give the ketone (I), which is not further oxidised, possibly owing 
to the presence of the water formed in the condensation. A partial confirmation of this 
reaction mechanism is supplied by an examination of the product formed by subsequent 
condensation of the aldehyde with acetone. If both the oxidation products contained 
the same ring system, the same C,, ketone should result. In actual fact this was not the 
case, for in the presence of either sodium ethoxide or aluminium #ert.-butoxide a ketone 
was obtained which gave a p-tolylsemicarbazone, m. p. 206—207°, showing a depression 
on admixture with the #-tolylsemicarbazone of (I). 

In the more detailed investigation which is now being actively pursued, it is our, in- 
tention to examine the ozonolysis products of the aldehyde for the presence of a«-di- 
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methylsuccinic acid, the isolation of which would definitely establish the presence of the 
safranal ring. In addition we are investigating the oxidation of 8-cyclogeraniol under the 
same conditions with the object of determining whether this reaction is a characteristic 
of the B-ionone ring. 


EXPERIMENTAL. 


Oxidation of Vitamin-A.—A vitamin-A concentrate (13 g., Ej%,, 3280 a. = 1350), aluminium 
tert.-butoxide (15-6 g.), and diethyl ketone (63 g.) were refluxed together in dry A.R. benzene 
(450 c.c.) in a stream of nitrogen for 48 hours. The resultant suspension was diluted with water, 
and the benzene layer, after drying over sodium sulphate, evaporated under reduced pressure. 
The dark red residue was dissolved, together with Girard reagent P (20 g.) in absolute alcohol 
(260 c.c.) containing glacial acetic acid (25 c.c.) and heated under reflux for 1 hour; the solution 
was poured into ice-water and, after neutralisation of 90% of the acetic acid with sodium bi- 
carbonate, was repeatedly extracted with ether. It was found that, by shaking the ethereal 
extract with water and combining the washings with the original aqueous layer, the yield of the 
aldehyde was materially increased. The total water-soluble fraction was made acid to Congo- 
red with dilute sulphuric acid and kept at room temperature for 2 hours. Ether extraction 
of the regenerated aldehyde and removal of the solvent from the washed and dried extract gave 
a viscous oil (5-3 g.), which was dissolved in light petroleum and adsorbed on a column of calcium 
hydroxide. Prolonged washing of the chromatogram with light petroleum gave a pale yellow 
filtrate, from which the aldehyde was obtained as a yellow oil, E}%, 4010 a. = 1430. 

Oxime. A solution of the aldehyde (1 g.) in dry pyridine (20 c.c.) was treated with a solu- 
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tion of free hydroxylamine. (1 g.) in the minimum volume of absolute alcohol and warmed at 
60° in an atmosphere of nitrogen. After 4 hours the orange solution was diluted with water 
until cloudy and kept at 0° for several hours. Crystallisation of the precipitate first from light 
petroleum and finally from absolute alcohol gave the oxime as orange rosettes, m. p. 176— 
177° (Found: C, 80-6, 80°5; H, 9-8, 10-0; N, 4-6, 4:5. C,)H,,ON requires C, 80-8; H, 9-2; 
N, 4:7%. Calc. for CysH ON : C, 80-2; H, 9-8; N,4-7%). These figures may possibly indicate 
that the oxime (isolated in relatively poor yield) is derived from a small quantity of the authentic 
vitamin-A aldehyde present in the oxidation product. 

Condensation of the Aldehyde with Acetone.—(a) Sodium ethoxide. A solution of sodium 
ethoxide (from 0-5 g. of sodium in 8 c.c. of absolute alcohol) was slowly added with stirring at 
— 5° to a solution of the aldehyde (1 g.) in pure dry acetone (40 c.c.). After 3 hours’ stirring, 
the alkali was neutralised with a dilute aqueous solution of tartaric acid, and the precipitated 
oil extracted with ether. After removal of solvent from the washed and dried extract the 
residue was dissolved in light petroleum and adsorbed on a column of alumina, the lower dark 
red zone being eluted with light petroleum—methyl alcohol (9: 1), and the product isolated 
in the usual manner. This was then dissolved together with p-tolylsemicarbazide (1 g.) in 
alcohol (10 c.c.) containing 2 drops of glacial acetic acid and heated for 10 minutes on the 
steam-bath. The solid which separated on slight dilution with water and standing overnight, 
after repeated crystallisation from ethyl acetate, gave the p-tolylsemicarbazone as yellow needles, 
m. p. 206—207° (Found: C, 78-9; H, 86; N, 9-0. C3,H3,ON, requires C, 79-3; H, 8-4; 
N, 895%). Admixture with the p-tolylsemicarbazone of the ketone(I), m. p. 217—218°, 
depressed the m. p. to 200—203°. 

(b) Aluminium tert.-butoxide. The aldehyde (0-8 g.) was dissolved in dry benzene (100 c.c.) 
and after addition of acetone (25 c.c.) and aluminium #ert.-butoxide (4 g.) the solution was 
refluxed in nitrogen for 16 hours. The product was worked up exactly as described by Batty, 
Burawoy, Harper, Heilbron, and Jones (Joc. cit.); the ketone so obtained formed a -tolyl- 
semicarbazone which was identical with that isolated when sodium ethoxide was used as con- 
densing agent. 

Reduction of the Cy Aldehyde.—The aldehyde (0-5 g.) and aluminium isopropoxide (0-6 g.) 
were dissolved in dry isopropyl] alcohol (15 c.c.), and the solvent slowly distilled, the bulk of the 
solution being maintained approximately constant by the addition of fresh isopropyl alcohol. 
When the distillate no longer gave a positive test for acetone, the residue was dissolved in light 
petroleum and washed successively with 4% phosphoric acid, sodium bicarbonate solution, 
and water. Removal of solvent from the dried solution gave the alcohol as a viscous oil, charac- 
terised by an absorption maximum at 3590 a. (Fig. 3) [Found: active hydrogen atom, 0-94 


(Zerewitinov)]. 
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31. y-Substitution in the Resorcinol Nucleus. Part II. The Gatter- 
mann Reaction with Resacetophenone. 






By H. A. Suan and R. C. SHau. 


Resacetophenone has been formylated by the modified-Gattermann reaction 
of Shah and Laiwalla (Part I; J., 1938, 1828) to give 2: 4-dihydroxy-3-formylaceto- 
phenone. The 3-substitution is explained as being due to the fixation of one of the 
Kekulé forms of resacetophenone on account of chelation between the hydroxyl 


and the acetyl group. 


In view of the preparation of methyl 2: 4-dihydroxy-3-formylbenzoate from methyl 
g-resorcylate by Shah and Laiwalla’s modification (loc. cit.) of the Gattermann process, 
the formyl group entering the usually inaccessible y-position, it became of interest to 


study the formylation of polyhydric phenolic ketones. 
Resacetophenone did not undergo the Gattermann reaction under the usual conditions, 
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but its formylation was readily achieved by the modified method of Shah and Laiwalla. 
The product may have the constitution (I) or (III). On condensation with ethyl malon- 
ate by the Knoevenagel method (Ber., 1904, 37, 4461), it furnished a coumarin derivative 
which gave a yellow coloration without fluorescence in alkaline and in sulphuric acid 


CHO Me 
OH, OH — OH H OH OH 
COMe \ t CHO OMe 
(I.) (II.) (III.) 


solution—a characteristic property of 5-hydroxycoumarins (Collie and Chrystall, J., 1907, 
91, 1804; Dey, J., 1915, 107, 1614, 1621). These results suggested that it is 2 : 4-di- 
hydroxy-3-formylecetophenone (I), and this view was confirmed by its reduction by the 
Clemmensen method to 2-methyl-4-ethylresorcinol (II) (Robinson and Shah, J., 1934, 
1494), now characterised by the preparation of 7-hydroxy-4 : 8-dimethyl-6-ethylcoumarin 
by condensation with ethyl acetoacetate by the Pechmann method. 

2 : 4-Dihydroxy-3-formylacetophenone forms a 2: 4-dinitrophenylhydrazone, a semt- 
carbazone, and a dioxime. The coumarin derivative produced by its condensation with 
ethyl malonate may have the constitution (IV) or (V): the former is assigned to it, as it 
gave an intense coloration with alcoholic ferric chloride. This is supported by analogy, 
since, in the condensation of resacetophenone with ethyl acetoacetate in presence of 
aluminium chloride to give 5-hydroxy-6-acetyl-4-methylcoumarin (Sethna, Shah, and Shah, 
J., 1938, 228), the 4-hydroxyl group is involved in coumarin ring closure. Similarly, 
2 : 4-dihydroxy-3-formylacetophenone condensed with ethyl acetoacetate and with cyano- 
acetic acid to give 5-hydroxy-3 : 6-diacetylcoumarin and 5-hydroxy-6-acetylcoumarin-3- 


carboxylic acid respectively. 
MeOC O 


, O co 
(IV.) COMe JeCo,kt peco,Et “ 
H CH H CH 


The Gattermann reaction with resacetophenone is therefore analogous to that of methyl 
8-resorcylate (Shah and Laiwalla, Joc. cit.), substitution taking place exclusively in the 
y-position. 

The 3-substitution in the present case is explicable on the assumption of the stabilis- 
ation of one of the Kekulé forms of resacetophenone. Fixation of the double bonds in 
the nucleus takes place on account of chelation between hydroxyl and the acetyl group, 
for which a double bond between these groups is essential (Mills and Nixon, J., 1930, 2510; 
Baker, J., 1934, 1684). Substitution then takes place at the 3-carbon atom, which is joined 
by a double bond to the carbon atom bearing the 4-hydroxyl group (cf. the formation of 
5-hydroxy-6-acetyl-4-methylcoumarin from resacetophenone and ethyl acetoacetate 
mentioned above). 

EXPERIMENTAL. - 

2 : 4-Dihydroxy-3-formylacetophenone.—To.a solution of resacetophenone (15 g.; 1 mol.) 
in dry ether (250 c.c.) cooled in a freezing mixture, zinc cyanide (23 g.; 2 mols.) was added 
followed by aluminium chloride (26 g.; 2 mols.) dissolved in dry ether (100c.c.). Dry hydrogen 
chloride was rapidly passed for 4} hours into the stirred mixture. After 24 hours in the ice- 
chest the ether was decanted, the aldimine hydrochloride washed thrice with dry ether (30 c.c. 
each time) and dissolved in water (100 c.c.), and the solution heated on the steam-bath for 
20 minutes. 2:4-Dihydroxy-3-formylacetophenone, which separated as an orange solid, crystallised 
from alcohol (charcoal) in stout colourless needles (8 g.), m. p. 112—114° (Found: C, 59-8; H, 4-4. 
C,H,O, requires C, 60-0; H, 4:4%), sparingly soluble in cold alcohol but easily soluble in hot 
alcohol, benzene, chloroform, and light petroleum. The substance was easily volatile in steam 
and gave a bright yellow colour in alkaline solution and a brownish-red coloration with alcoholic 
ferric chloride. 

The yield was improved by the addition of potassium chloride (0-33 mol.) (Arnold and Sprung, 
J. Amer. Chem. Soc., 1938, 60, 1699) along with the zinc cyanide. For dissolving the resaceto- 
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phenone, ethyl acetate, in which it is more soluble, can be used instead of ether. The 2: 4- 
dinitrophenylhydrazone, prepared from alcoholic solutions of 2 : 4-dinitrophenylhydrazine hydro- 
chloride (1-2 mols.) and the ketone-aldehyde, crystallised from glacial acetic acid in tiny yellow 
needles, m. p. 283—285° (decomp.) (Found: N, 14:9. C,,;H,,0,N, requires N, 15°6%). The 
semicarbazone, prepared by mixing a solution of semicarbazide hydrochloride (1-2 mols.) in 
aqueous sodium acetate with an alcoholic solution of the ketone-aldehyde, crystallised from 
glacial acetic acid in tiny colourless needles, m. p. 230—231° (decomp.) (Found: N, 17:7. 
C19H,,0,N, requires N, 17:-7%). The dioxime, prepared by refluxing an alcoholic solution 
of the ketone-aldehyde (0-2 g.) with an aqueous solution of hydroxylamine hydrochloride 
(0-3 g.) and 2 c.c. of 30% potassium hydroxide solution for 3 hours, crystallised from dilute 
alcohol in tiny slender needles, m. p. 218—219° (decomp.) (Found: N, 13-0. C,H,,O,N, 
requires N, 13-3%). 

Ethyl 5-Hydvroxy-6-acetylcoumarin-3-carboxylate (IV).—To a cooled mixture of ethyl malon- 
ate (1 g.) and the ketone-aldehyde (1 g.), 4 drops of piperidine were added; the mixture was 
then left for 24 hours at room temperature. The dark red solid obtained crystallised from dilute 
alcohol in lustrous yellow plates (0-75 g.), m. p. 155—156° (Found: C, 60-6; H, 4:5. C,,H,.0, 
requires C, 60-9; H, 4.4%). It gave a brownish-red coloration with alcoholic ferric chloride. 

5-Hydroxy-6-acetylcoumarin-3-carboxylic Acid.—A solution of 2: 4-dihydroxy-3-formyl- 
acetophenone (1 g.) in 20% aqueous sodium hydroxide (15 c.c.) and an aqueous solution of 
cyanoacetic acid (1 g.) (Heyes and Robertson, J., 1936, 1832) were shaken together for 3 hours, 
kept at room temperature for 24 hours, and acidified with dilate hydrochloric acid (Congo- 
red). The yellow solid obtained was collected and boiled with 4% hydrochloric acid (50 c.c.) 
for 15 minutes. The insoluble acid crystallised from dilute alcohol in stout straw-coloured 
needles (1 g.), m. p. 202—204° (efferv.) (Found: C, 57-9; H, 3-1. C,,H,O, requires C, 58-1; 
H, 3:2%). It gave a brownish-red coloration with alcoholic ferric chloride. 

5-Hydroxy-3 : 6-diacetylcoumarin, prepared from a cooled mixture of ethyl acetoacetate 
(1 g.), the ketone aldehyde (1 g.), and 4 drops of piperidine, crystallised from dilute alcohol in 
tiny yellow needles (0-5 g.), m. p. 170—171° (Found: C, 63-3; H, 4:4. C,3H,,O, requires 
C, 63-4; H, 41%). It gave a brownish-red coloration with alcoholic ferric chloride. 

2-Methyl-4-ethylresorcinol (II).—To zinc amalgam prepared from zinc dust (30 g.) according 
to Robinson and Shah (J., 1934, 1491), dilute (1: 1) hydrochloric acid (50 c.c.) and glacial acetic 
acid (10 c.c.) were added, the mixture heated on a steam-bath, a solution of (I) (5 g.) in acetic 
acid added in small quantities, and heating continued till an ethereal extract of a sample did not 
give a coloration with alcoholic ferric chloride. The solution was filtered hot, and extracted 
with ether after cooling. The residual amalgam also was extracted with ether. The oily 
residue left after evaporation of the ether from the combined extracts gave a colourless crystal- 
line solid on distillation (180°/25 mm.). Recrystallised from light petroleum, this formed 
pearly lustrous prisms (1-5—2 g.), m. p. 88—90°, not depressed by authentic 2-methyl-4- 
etbylresorcinol (Robinson and Shah, Joc. cit.). Reduction of 2: 4-dihydroxy-3-formylaceto- 
phenone in alcoholic solution by the Clemmensen method gave an inferior yield and an impure 
product. 

7-Hydroxy-4 : 8-dimethyl-6-ethylcoumarin.—2-Methy]-4-ethylresorcinol (0-5 g.) and ethyl 
acetoacetate (0-5 g.) were mixed together, and sulphuric acid (80%; 2 c.c.) added. Next day 
the brownish solid which separated on treatment with water was crystallised from light petrol- 
eum and then from 10% aqueous alcohol; it formed colourless slender needles, m. p. 187—188° 
(Found: C, 71-7; H, 6-6. (C,,;H,,O, requires C, 71-6; H, 6-4%). 

All the analyses recorded are micro-analyses. 

Roya INSTITUTE OF SCIENCE, BoMBAy. [Received, November 28th, 1938.] 





. 32. Arylaminophthalic Acid Derivatives. 
By G. J. MARRIoTT and ROBERT ROBINSON. 


3-Arylamino- and 3 : 6-diarylamino-phthalanils are coloured substances as already 
indicated by Pratt and Perkins (1918). The series corresponding to these types has been 
extended in order to study the effect of substituents on the colour and in view of the 
formal analogy with the similarly constituted anthraquinone derivatives. 

The substances are stable pigments and are fast to light but when dispersed the 
tinctorial intensity is not comparable with that of other insoluble colouring matters of 
use in the arts. 
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AN investigation of the reactivity of the chlorine atoms in chlorinated phthalic acids to- 
wards aromatic amines led to thé preparation of a number of coloured mono- and di-aryl- 
aminophthalic acid derivatives. The following compounds were prepared by heating 
3-chloro-, 3 : 6-dichloro-, or 3 : 4-dichloro-phthalic acids with aromatic amines (Graebe and 
Gourevitz, Ber., 1900, 33, 2024). 
KR LO. ~ £0 x -e 
\ os N 
(X NR nd NR ee NR 
co” (\co” co” 
I, R = Phenyl VI, R = Phenyl VIII, R = Phenyl 
Il, R = p-Tolyl VII, R = p-Tolyl 
III, R = 4-Methoxyphenyl 
IV, R = f-Naphthyl 
V, R = 4-Nitrophenyl 

On heating dihalogenated phthalanils with aniline, Pratt and Perkins (J. Amer. Chem. 
Soc., 1918, 40, 198) found that one «-chlorine atom was displaced by the anilino-group, the 
product being orange in colour. They also isolated a small quantity of bright scarlet 
4 : 5-dichloro-3 : 6-dianilinophthalanil after prolonged boiling of tetrachlorophthalanil or 
4 : 5-dichloro-3 : 6-di-iodophthalanil with aniline. This appears to be the only example of a 
diarylaminophthalimide derivative so far described in the literature. 

In the present work the general method used for replacing chlorine atoms in chloro- 
phthalanils by aromatic amines was that of Frey (Ber., 1912, 45, 1358) for a similar reaction 
in the anthraquinone series, viz., the action of various aromatic amines, potassium carbonate, 
and copper-bronze at temperatures ranging from 135° to 220°: the following compounds 
were thus prepared : 


Orange HNR Red HNR 
CO CO. 


\vr NR’ 
co” nYR CO” 
IX, R = Phenyl XIII, R = R’ = Phenyl 
X, R = p-Tolyl XIV, R = R’ = p-Tolyl 
XI, R = 4-Methoxyphenyl XV, R = R’ = 4-Methoxyphenyl 
XII, R = £-Naphthyl XVI, R = o-Carboxyphenyl, R’ = phenyl 

It appeared that copper-bronze was essential for the replacement of both chlorine 
atoms of the dichlorophthalanils by arylamino-residues and, even when it was used, by- 
products could usually be isolated arising from the reaction of only one of the chlorine 
atoms. From the fact that the chlorine atom in position 3 is known to be active in this 
respect, it is inferred that this is the one replaced. This is confirmed by the fact that Pratt 
and Perkins (oc. cit.) could not effect replacement of the chlorine atoms of 4 : 5-dichloro- 
phthalanil. They therefore considered the product of the action of aniline on 3: 4-di- 
chlorophthalanil to be 4-chloro-3-anilinophthalanil. 

A further complicating factor in these reactions was the replacement of the chlorine in 
the phthalic acid nucleus by hydrogen, accompanied by the oxidation of the arylamine. 
This led to contamination of the red 3 : 6-diarylaminophthalimide derivatives with orange 
monoarylamino-compounds and oxidation products of the amines (e.g., 4: 4’-azotoluene 
from p-toluidine). 

During the reaction the phthalimide ring is opened by the alkali and an interchange of 
amines takes place so that, when the ring is again closed on treatment with hot acids, that 
amine which is present in excess occurs in the phthalarylimide structure. Tingle and 
Rolker (J. Amer. Chem. Soc., 1908, 30, 1886) showed that it is possible to effect an inter- 
change of the aromatic group attached to the nitrogen of a phthalamic acid. This type of 
interchange has been realised in the present work: the anilo-groups of 3-chlorophthalanil 
and 3: 6-dichlorophthalanil have been replaced by the corresponding groups derived 
from -toluidine, p-anisidine, etc. The reverse displacement of a $-naphthylimino-group 
by an anilo-group was also effected. 
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By heating these compounds with hydrazine hydrate in pyridine solution, a series of 
NN’'-phthalhydrazides was prepared. The reaction was retarded by arylamino-groups in the 
3-position, prolonged boiling being necessary with the 3 : 6-diarylamino-compounds. 
Reissert and Holle (Ber., 1911, 44, 3033) prepared thiophthalanil by the action of phos- 
phorus pentasulphide in boiling benzene on phthalanil. A dark green solid (XX) was 
obtained by this method from (XIV). 3-Methylacridone-6-carboxylic acid (XXI) was 


NH-C,H,Me() 


bs NH. 

} Me XXI 
706 XY suid 

S/ VY O O,H 


NH-C,H,Me(?) 


prepared from (X) by the action of 70% sulphuric acid at 160—170°. The properties of this ° 
compound are very similar to those of the acridone-3 (and 1)-carboxylic acids (Ullmann, 
Annalen, 1907, 355, 353). Similar reactions are known in the anthraquinone series (Chem. 
Centr., 1902, I, 79; 1913, IT, 553). 

The substitution of arylamino-groups in phthalimide has the same auxochromic effect 
as in the anthraquinone series. The 3-arylaminophthalanils are yellow, but the 3: 6- 
diarylaminophthalanils are red. The colours, however, are diminished (to cream and 
orange respectively) when two nitrogens are present in the ring as is the case with the 

, Yon 
NN’-phthalhydrazides. The chromophoric group in all three series may be —C-C=C-C-, 
which is partially neutralised by the presence of the ring nitrogens, two being more effective 
than one. Thus a decrease in colour intensity occurs in the series: anthraquinone, 
phthalimide, NN’-phthalhydrazide derivatives. 

Many of the compounds here described are diphenylamine derivatives and as such give 
intense colour reactions on the addition of oxidising agents to their solutions in concen- 
trated sulphuric acid. This colour, in the case of diphenylamine itself, is due to the form- 
ation of the sulphate of diphenoquinonedianil (Wieland, Ber., 1913, 46, 3300; 1919, 
52,889). When the #-position to nitrogen is free in the aryl residue of the above compounds, 
the coloration is found to be relatively stable and is probably due to the formation of a 
compound of the above type. However, when this position is occupied, less stable color- 
ations are observed; these may involve the o-positions or be due to hemiquinonoid salts 
(cf. Walden, ‘‘ Chemie der freien Radikale,’’ Leipzig, 1924). 

Experiments on the replacement of chlorine in the chlorophthalic acids by aryloxy- 
groups and the conversion of the products into xanthones will be reported later. 


EXPERIMENTAL. 


3-Chlorophthalanil (I) was prepared in quantitative yield by the method of Graebe and 
Gourevitz (loc. cit.) by heating equimolecular proportions of 3-chlorophthalic acid or anhydride 
and aniline at 200—220° until the evolution of steam ceased. The condensation was also per- 
formed in boiling acetic acid by the method of Pratt and Perkins (loc. cit.). In subsequent 
reactions the latter method was found to give 80—90% yields when aniline and -toluidine were 
used but poor yields with p-anisidine, 8-naphthylamine or p-nitroaniline. 

The product crystallised from acetic acid in pale cream-coloured needles, m. p. 189—190° 
(Found : C, 65-4; H, 3-2; Cl, 14:2. Calc. for C,,H,O,NCI1: C, 65-2; H, 3-1; Cl, 13-8%). The 
colourless solution in concentrated sulphuric acid became deep purple on the addition of potas- 
sium dichromate; the colour rapidly faded to greenish-brown. 

3-Chloro-N-p-tolylphthalimide (II) crystallised from acetic acid in colourless needles, m. p. 
160°5° (Found: C, 66-6; H, 3-7. C,;H,gO,NCl requires C, 66-3; H, 3-7%). Sulphuric acid 
and potassium dichromate gave a reddish-brown coloration, changing to a pale greenish-yellow. 

3-Chloro-N-p-anisylphthalimide (III) crystallised from acetic acid in lemon-yellow needles, 
m. p. 198° (Found: C, 62-6; H, 3-5. C,;H,jO;NCl requires C, 62-7; H, 37%). Sulphuric 
acid and potassium dichromate gave a red-brown colour, changing to a pale greenish-yellow. 

3-Chloro-N-8-naphthylphthalimide (IV) crystallised from acetic acid in light brown needles, 
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m. p. 211° (Found: C, 70-4; H, 3:2. C,,H,jO,NCI requires C, 70-2; H, 3-2%). Sulphuric 
acid and potassium dichromate gave a fairly stable reddish-brown coloration. 
3-Chloro-N-p-nitrophenylphthalimide (V) was prepared both by nitration of 3-chlorophthalanil 
and by condensation of 3-chlorophthalic acid with p-nitroaniline. The products were identical ; 
white needles from acetic acid, m. p. 290° (Found: Cl, 11-9. C,H ,O,N,Cl requires Cl, 11-7%). 

3 : 6-Dichlorophthalanil (VI) crystallised from glacial acetic acid in pale yellow needles, 
m. p. 194°. Pratt and Perkins (loc. cit.) give m. p. 197—198° (corr.). Sulphuric acid and 
potassium dichromate gave a transient purple colour, changing to brown. 

3 : 6-Dichloro-N-p-tolylphthalimide (VII) crystallised from acetic acid in pale yellow needles, 
m. p. 231° (Found: C, 58-7; H, 3-0. C,;H,O,NCI, requires C, 58-8; H, 2-9%). Sulphuric 
acid and potassium dichromate gave a reddish-brown colour, changing to pale yellow. 

3 : 4-Dichlorophthalanil (VIII) crystallised from alcohol in colourless needles, m. p. 179— 
180°. Pratt and Perkins (loc. cit.) give m. p. 181—181-5° (corr.). Sulphuric acid and potassium 
dichromate gave a transient purple colour, changing to brown. 

3-A nilinophthalanil ([IX).—A mixture of 3-chlorophthalanil (6 g.), aniline (30 g.), anhydrous 
potassium carbonate (5 g.), and copper-bronze (0-5 g.) was heated with stirring at 160—170° 
for 3 hours. The black tarry liquid was then thoroughly washed with hot dilute hydrochloric 
acid. The black product was dried and crystallised twice from pyridine and twice from 
acetone and acetic acid, forming yellow prisms, m. p. 144-5—145° (Found: C, 76-6; H, 4:5. 
Cy9H,4O,N, requires C, 76-4; H, 45%). Yield, 38%. This compound gave a colourless solution 
in concentrated sulphuric acid which on the addition of potassium dichromate became deep red, 
changing to a deep bluish-purple. 

3-p-T oluidino-N-p-tolylphthalimide (X) was obtained from (I) and (II) in 39% yield by con- 
densations with p-toluidine at 145—150° for 4 hours. The product crystallised from acetone 
in orange needles, m. p. 152° (Found: C, 77-1; H, 5-3. C,gH,,0,N, requires C, 77:2; H, 
5°3%). The yellow solution in sulphuric acid became deep green on the addition of potassium 
dichromate, the colour rapidly changing to a dirty brown. 

3-p-A nisidino-N-p-anisyl phthalimide (XI) was obtained from (I) and (III) in 51% and 53% 

ields by condensations with p-anisidine at 160—170° for 4 hours, and at 145—150° for 6 hours 
respectively. Orange needles were obtained from acetic acid, m. p. 171—172° (Found: C, 
70-0; H, 5°. C,,H,,0,N, requires C, 70-6; H, 4:8%). The colourless solution in sulphuric 
acid became reddish-brown with potassium dichromate, rapidly changing to a pale greenish- 
brown colour. 

3-8-Naphthylamino-N-B-naphthylphthalimide (XII).—The compound (IV) was condensed 
with $-naphthylamine at 145—150° for 6 hours to give the required substance in 46% yield. 
Lemon-yellow needles separated from acetic acid, m. p. 220° (Found: C, 80-8; H, 4:3. 
Cy3H,,0,N, requires C, 81-2; H, 43%). The yellow solution in sulphuric acid gave a stable 
blood-red coloration with potassium dichromate. j 

No crystalline products were isolated from attempted condensations of 3-chlorophthalanil 
with o-phenylenediamine or with anthranilic acid. 

A solution of 3-8-naphthylamino-N-$-naphthylphthalimide (XII) (0-5 g.) in aniline (20 c.c.), 
containing potassium carbonate (5 g.) in suspension, was heated with stirring at 170° for 30 
minutes. The cooled mixture was treated with hot dilute hydrochloric acid, and the tarry 
residue crystallised from pyridine and thrice from acetic acid. Orange needles were obtained, 
m. p. 167° (Found: N, 7-6. C4H,,0,N, requires N, 7-7%). The product is thus 3-B-naph- 
thylamino-N-phenylphthalimide (XVII). 

4-Chloro-3-p-toluidino-N-p-tolylphthalimide was obtained from (VIII) by a condensation 
with p-toluidine at 155—160° for 4 hours. The black tarry product was extracted (Soxhlet) 
with light petroleum (b. p. 60—80°). The pale yellow needles formed were collected and 
recrystallised from acetic acid; m. p. 208—209° (yield, 9%) (Found: C, 70-2; H, 4:7; N, 81. 
C,,H,,0,N,Cl requires C, 70-1; H, 4:5; N, 7-4%). 

Action of Aniline on 3 : 4-Dichlorophthalanil._—Pratt and Perkins (loc. cit.) prepared 4-chloro- 
3-anilinophthalanil by boiling 3 : 4-dichlorophthalanil with aniline for 36 hours. An Ullmann 
condensation carried out under reflux for 6 hours gave a product which was finally isolated in 
orange-yellow needles (yield, 10%), m. p. 144-5—145°, identified by mixed m. p. with (IX) 
(Found : C, 76-5; H, 4:6; N, 8-7. Calc. for C,5H,,O,N,: C, 76-4; H, 4-5; N, 8-9%). 

3 : 6-Dianilinophthalanil (XIII) was obtained from (VI) in 15% yield by condensation with 
aniline at 150—160° for 3 hours and at 135° for a further 20 hours. After extraction of the 
tarry residues (Soxhlet) with light petroleum (b. p. 40—60°), red needles were isolated, m. p. 
197° (Found: C, 77-2; H, 4-6. Cy gH,,O,N, requires C, 77-0; H, 4:7%). The colourless 
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solution in sulphuric acid gave a stable, deep blue coloration on the addition of a trace of potas- 
sium dichromate. 

3 : 6-Di-p-toluidino-N-p-tolylphthalimide (XIV) was prepared from (VI) (20 g.) by condens- 
ation with p-toluidine at 165—175° for 5hours. After extraction (Soxhlet) with light petroleum 
(b. p. 60—80°), the product consisted of a mixture of red and orange crystals (19 g.). By 
fractional crystallisation from alcohol, bright red needles were obtained, m. p. 164° (yield, 7 g.; 
23%) (Found: C, 77-4; H, 5-5; N, 9-4. CygH,,0,N; requires C, 77-8; H, 5-5; N, 9:4%). 
The colourless solution in sulphuric acid became bluish-green on the addition of potassium 
dichromate. 

From the mother-liquors of the above crystallisation, orange needles were isolated and 
identified with (X). This compound was present to the extent of about 50% of the crude 
product. 

This condensation was tried under various conditions : 

(a) From a condensation with p-toluidine and (VII) at 130—145° for 5 hours, orange needles 
were obtained together with a small quantity of the red product. On separation, the orange 
compound was found to be 6-chloro-3-p-toluidino-N-p-tolylphthalimide, m. p. 166—167° (Found : 
C, 70-0; H, 4-5. C,,H,,O,N,Cl requires C, 70-1; H, 45%). 

(b) A condensation at 220—230° for 2 hours gave a tarry mixture of orange and red com- 
pounds. 

(c) A condensation at 140—150° for 5 hours, without the addition of copper-bronze, gave 
none of the red product. 

(d) The use of nitrobenzene as a solvent for the reaction (cf. Ullmann, Ber., 1906, 39, 1693) 
gave a negligible yield of a yellow condensation product. J 

(e) Replacement of the copper-bronze and potassium carbonate by a mixture of potassium 
and copper acetates and heating at 95—105° for 19 hours resulted in the isolation of orange 
needles, which melted at 181—182°, then became viscous and appeared to melt again at 194°. 
These are an inseparable mixture of the initial material (VI) and 6-chloro-3-p-toluidino- 
N-p-tolylphthalimide (Found: C, 65-0; H, 4:1. C,,H,O,NCl, requires C, 57-5; H, 2-4. 
C,,H,,;0,N,Cl requires C, 69-5; H, 4-1%). 

(f) The use of copper carbonate as a catalyst was tried in a condensation of (VI) and p- 
toluidine at 130—140° for 4 hours. An impure specimen of (X) was isolated, formed by re- 
duction of the initial material. 4: 4’-Azotoluene also was extracted from the tarry residues 
with light petroleum; m. p. 144—145°. Perkin (J., 1880, 37, 553) gives m. p. 143° (Found : 
C, 80-1; H, 6-7; N, 12-4. Calc. for C,,H,,N,: C, 80-0; H, 6-7; N, 133%). 

3 : 6-Di-p-anisidino-N-p-anisylphthalimide was obtained from (VI) in 20% yield by con- 
densation with p-anisidine at 150—160° for 3 hours. Deep bronze-coloured needles were 
obtained from alcohol, m. p. 167—168° (Found: C, 70°5; H, 4-9; N, 8-4. C,gH,,0,N, requires 
C, 70:3; H, 5-0; N, 85%). The colourless solution in sulphuric acid became olive-green on 
the addition of potassium dichromate. 

3 : 6-Di-(2'-carboxyanilino)phthalanil (XVI1).—This was obtained from (VI) in 15% yield by 
condensation with anthranilic acid at 170—180° for 3 hours. The residues were treated with 
excess of hot potassium carbonate solution and filtered off. On acidification of the filtrates, a 
mixture of the product and anthranilic acid was obtained; the latter was removed by repeated 
boiling with hydrochloric acid. The insoluble residue crystallised from acetic acid in orange 
needles, m. p. 302° (decomp.) (Found: C, 67:7; H, 4:1. C,,H,,O,N; requires C, 68-1; H, 
3°8%). The product gave bluish-red solutions with alkali carbonates and bicarbonates, the 
former, exposed to air, fading after 24 hours. The yellow solution in sulphuric acid became 
deep blue on the addition of potassium dichromate. 

A similar condensation at 150—160° gave 6-chloro-3-(2'-carboxyanilino)phthalanil, yellow 
needles, m. p. 277—278° (Found: C, 64:7; H, 3°5. C,,H,,0,N,Cl requires C, 64-3; H, 33%). 
In these two condensations it is probable that the anilo-group of the 3 : 6-dichlorophthalanil was 
not replaced by the anthranilic acid residue, since insufficient carbonate was used in the con- 
densation for the mixture to be alkaline and the phthalimide ring to be opened. 

3-A nilinophthalhydrazide (XVIII).—A solution of 3-anilinophthalanil (0-5 g.) in pyridine 
(10 c.c.) was refluxed with hydrazine hydrate (2 c.c.) for 1 hour and then poured into dilute 
hydrochloric acid. The white precipitate was extracted with sodium carbonate solution, 
reprecipitated with acid, and crystallised from acetic acid, being obtained in practically quantit- 
ative yield as cream-coloured needles, m. p. 335° (decomp.) (Found: N, 16:3. C,,4H,,0,N; 
requires N, 16-4%). The colourless solution in sulphuric acid became permanganate-coloured 
on the addition of potassium dichromate. 
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3-p-Toluidinophthalhydrazide (XVIII) was obtained similarly from (X) as cream-coloured 
needles, m. p. ca. 320° (decomp.) (Found: N, 15°8. C,;H,,;0,N; requires N, 15-7%). The 
colourless solution in sulphuric acid became olive-green on the addition of potassium dichromate. 

3-p-A nisidinophthalhydrazide (XVIII), prepared from (XI), formed cream-coloured needles, 
m. p. 320° (decomp.) (Found: C, 63-8; H, 4-7. C,;H,,0,N, requires C, 63-6; H, 4-6%). The 
colourless solution in sulphuric acid became greenish-brown on the addition of potassium 
dichromate, but the colour faded rapidly. 

3-8-Naphthylam<nophthalhydrazide (XVIII) was obtained from (XII) as yellow needles, m. p. 
325° (decomp. above 320°) (Found: N, 13-6. C,,H,,0,N, requires N, 13-9%). The yellow 
solution in sulphuric acid became reddish-brown on the addition of potassium dichromate. 

3 : 6-Dianilinophthalhydrazide (XIX) was obtained from (XIII) as a mixture of red and yellow 
needles, which on warming gave a homogeneous yellow product, m. p. 276—277° (Found : 
N, 16-1. CyoH,gO,N, requires N, 16-3%). The pale blue solutions of this and the following 
compound in sulphuric acid became deep blue on the addition of potassium dichromate. 

3 : 6-Di-p-toluidinophthalhydvazide (XIX) was prepared from (XIV) as red needles which 
became orange at 120°, blackened at 260°, and had m. p. ca. 285° (Found: N, 14:9. C,H ,,O,N, 
requires N, 15-1%). 

Attempts to produce phthalo-N-phenylhydrazides by treating the substituted phthalanil 
(XI) with phenylhydrazine or with p-nitrophenylhydrazine in pyridine solution were unsuccess- 
ful, the initial material always being recovered. 

3 : 6-Di-p-toluidino-N-p-tolyldithiophthalimide (XX).—A mixture of 3: 6-di-p-toluidino- 
N-p-tolylphthalimide (XIV) (0-5 g.), phosphorus pentasulphide (10 g.), a trace of aniline, and 
benzene (25 c.c.) was refluxed for 4 hours. The solid formed was collected and washed with hot 
benzene. After removal of the benzene by steam, the black residue was treated with hot 
alcoholic potassium hydroxide and then extracted with benzene. The solid obtained on removal 
of the solvent crystallised from alcohol in dark green needles, m. p. 127—128° after softening 
at 124—125° (yield, 50%) (Found: S, 13-3. C,,H,;N,S, requires S, 13-4%). 

A dilute solution of this compound in sulphuric acid is greenish-yellow and darkens to green on 
standing. At 100° the colour becomes violet and, on further heating, changes to red and brown. 
The addition of potassium dichromate to a cold sulphuric acid solution produces a violet colour. 
The compound is slowly precipitated from sulphuric acid solution after dilution with water. 

3-Methylacridone-6-carboxylic Acid (XXI).—3-p-Toluidino-N-p-tolylphthalimide (0-5 g.) 
and sulphuric acid (36 c.c. of 70%) were heated together at 160—170° for 1 hour. The mixture 
was poured into water, the liquid filtered, and the solid dissolved in sodium carbonate solution, 
reprecipitated with acid, and crystallised (with difficulty) from pyridine. Small, pale yellow 
prisms were obtained, m. p. 302° (decomp.) (Found: C, 70-5; H, 4:7; N, 6-2. C,;H,,O,N 
requires C, 71-1; H, 4-4; N, 5-5%). The substance is difficultly soluble in alcohol, acetic acid 
and pyridine and the solutions exhibit a strong blue fluorescence; the yellow solution in sul- 
phuric acid is not fluorescent. 

Other dehydrating agents were unsuccessfully tried in the above reaction. (XI) and (XII) 
were refluxed for 4 and 9 hours respectively with phosphoryl chloride and both were recovered 
unchanged. 


The authors thank the Department of Scientific and Industrial Research for a grant made to 
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THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, November 30th, 1938 ] 





. A New Technique for the Measurement of Adsorption of Gases and 
Vapours on Solids. 


By H. H. CHampBers and A. KING. 


A new technique, capable of detecting very small changes of adsorption by a 
direct-reading, floating balance method, is described. The advantages of this method 
over others in common use are discussed, and applications suggested. 


THREE types of method are available for the measurement of the adsorption of gases and 
vapours on solids, viz., the static, the dynamic, and the silica-spring technique. Although 
these are all of great general utility, and the first especially is capable of some accuracy, 
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there is need for a new and more accurate method for specific purposes, and especially 
for the verification of the discontinuities in the adsorption isotherm such as have been 
reported by Allmand and his co-workers (Proc. Roy. Soc., 1931, A, 130, 610) but remain 
largely unconfirmed. 

The standard, static method involves passing a known amount of vapour into a vessel 
containing the adsorbent, and comparing the observed pressure with that which would 
have been exerted if no adsorption had taken place. The amount of vapour adsorbed 
is calculated from the simple gas laws. There are several objections to this method, the most 
serious being (i) that the ‘‘ dead space ”’ not occupied by the adsorbent cannot be accurately 
estimated, and (ii) that errors may arise from the fact that different parts of the apparatus 
may be at different temperatures. The fact that this method is reliable, however, is shown 
by a whole series of excellent isotherms obtained in Allmand’s laboratory. 

The McBain~Bakr sorption balance is free from these two objections, but its applica- 
tion to the problem of discontinuity is somewhat limited by its lack of sensitivity. This 
balance consists essentially of a small bucket containing the adsorbent and attached to 
a helical silica spring, the whole being enclosed in a sealed system. Adsorption is measured 
by extension of the spring. A sensitive spring will carry a load of not more than 0-5 g. 
of adsorbent, and the permissible load can only be increased by making the spring more 
robust and hence less sensitive. It is true that the sensitivity of the robust spring might 
be increased by increasing the number of turns, but very long springs are inconvenient 
in use, quite apart from the mechanical difficulties of their manufacture. 

Dynamic methods have been employed for practical purposes such as testing the 
efficiency of technical adsorbents. A dynamic retentivity method for this purpose, 
devised by Allmand, Manning, and Burrage (J. Soc. Chem. Ind., 1928, 47, 372), was modified 
by Burrage (J. Physical Chem., 1930, 34, 2202) to give true adsorption isotherms. Foster 
(Trans. Faraday Soc., 1936, 32, 1559) has shown, however, that this method is unreliable 
in some cases. Using a static method, he was unable to obtain definite evidence of breaks 
in the isotherm, but concluded that there was a pdssibility of discontinuities of only slightly 
greater magnitude than the experimental error being present. 

Much of Allmand and Burrage’s evidence for discontinuous adsorption has been ob- 
tained by the retentivity method. In certain cases isotherms were carefully redetermined 
by a static method in order to verify the existence of discontinuities. 

The technique now described was devised in order to establish beyond all possible 
doubt the existence or non-existence of discontinuities in the sorption process, and to 
provide a method of sufficient sensitivity to examine the detailed structure of the ad- 
sorption isotherm should it be discontinuous. 

It was considered advisable to make all observations in a closed system by the use of 
a self-contained apparatus which could be completely immersed in a thermostat and 
would be free, therefore, from all errors due to temperature effects. In addition, it 
was desirable that all errors due to estimation of “‘ dead space ”’ should be avoided; this 
suggested the suitability of an apparatus of similar type to the McBain balance but of 
increased sensitivity. 


The complete apparatus, which is constructed entirely of Pyrex glass, is shown in Fig. 1. 
The part to the left of the three-way tap is merely a storage system and will be described later. 
Adsorption is measured in the apparatus in the thermostat, shown on a larger scale in Fig. 2 
where a slight modification, to be described later, is also incorporated. The apparatus con- 
sists essentially of a. Nicholson hydrometer floating in mercury and carrying the adsorbent in 
the pan. The hydrometer rises or sinks during adsorption or desorption and the level of a 
reference mark is read with a cathetometer. 

The hydrometer, shown in Fig. 2b, is constructed of Pyrex glass. It is weighted with four 
solid tungsten rods, each 7-5 cm. long and 0-8 cm. in diameter, bound together with iron wire. 
The small hooks fused on to the hollow glass bulb A enable the hydrometer to be easily lifted out 
of the tube. The diameter of the glass stem is about 1-2 mm., and calibration showed it to be 
perfectly uniform except at the extreme ends where it is fused to the pan and the bulb. It 
was found that an increase of weight of 15 mg. caused the hydrometer to sink 1 mm. The 
reference mark is a pointed platinum wire fused in a capillary just below the pan. 
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The hydrometer floats in mercury inside the tube B (Fig. 2) of diameter 3-5 cm., the lower 
end of which is connected to a mercury reservoir through a bubble trap. Owing to the difficulty 
of estimating the exact level of the mercury in this wide tube, a side tube C is provided. The 
pressure is obtained by difference of levels in C and D. The top of D just below the tap is 
constricted to a very fine capillary. When the level in the tube falls, a small amount of mer- 
cury is left above the constriction, effectively sealing the tube and preventing air or tap grease 
from entering. 

The T-shaped glass rod at the top of the tube B (Fig. 1) was inserted to overcome a difficulty 
arising from the existence of two stable positions of flotation of the hydrometer. It was found 
that if the hydrometer is floating in a stable position with the stem in the mercury surface, 
it is possible to find a second stable position by pulling the hydrometer out of the liquid until 
the conical part of the bulb is in the surface. In this position the decreased upthrust due to 
buoyancy is compensated by the increased surface tension effect due to the increased line of 
contact between the glass and the mercury. The hydrometer can only be returned to its original 
position by raising the mercury level until the top of the hydrometer touches the glass rod. 
The hydrometer will always return to its first stable position as long as the stem remains in the 
mercury surface, but as soon as the conical part of the bulb comes into the surface, it will take 
up its second stable position and tapping or shaking will not move it. 

The modification referred to above, and shown in Fig. 2, is a device for adjusting the level 
of the float without opening the apparatus. Mercury is passed into or removed from a small 
cup at the top of the pan by suitably adjusting the pressures on each side of the tap. This 
device was installed later in order to overcome the disadvantage of the somewhat limited range 
over which measurements could be made. By the use of this device complete isotherms can 
be measured. In the modified apparatus the end of the capillary tube which delivers the mer- 
cury serves the same purpose as the glass rod mentioned in the previous paragraph. 

The thermostat bath is constructed of wood with }” plate-glass sides. The right-hand wall, 
to which the apparatus is rigidly attached, is screwed to the bench, and the body of the bath 
slides away from this wall when adjustments have to be made in the apparatus. A water- 
tight joint is obtained by means of pressure tubing attached to the body of the bath and fitting 
into a groove in the fixed wall, the two parts being held together by the bolts and wing nuts shown 
in the diagram. The thermostat is controlled by means of a hot-wire vacuum switch, the varia- 
tion being only 0-01°. The isotherms were measured at 20°. 

The storage system for the adsorbate (Fig. 1) consists of reservoirs E and F for holding the 
liquid adsorbate, a tube G for measuring roughly the amount of liquid passing over into the 
adsorbent, and a mercury manometer. The mercury cut-off is used to prevent the adsorbate 
from remaining for long periods in contact with the tap grease (Apiezon L). 

The storage system and adsorption system are connected by a glass tube with ground 
joints at H and J. The loop at K makes the apparatus sufficiently flexible te take up any 
strains which may arise during connexion. 

The third tube of the three-way tap leads through a liquid-air trap to a mercury-vapour 
pump backed by a “ Hyvac”’ pump: a side connexion goes to a McLeod gauge for indicating 
the extent of evacuation. 


Discussion of Method.—The float used in the preliminary work carries a load of 6 g. 
of adsorbent and has a sensitivity factor of 15 mg. per mm. The level of the reference 
mark is read to 0-01 mm. with a ‘‘ Cambridge ”’ travelling microscope. The float has 
but little tendency to stick, but if it does, slight tapping will cause it to oscillate 
about its equilibrium position and finally come to rest within 0-01 mm. of its mean 
position. The maximum uncertainty in estimating the equilibrium position is 0-02 
mm., corresponding to 0-3 mg. Thus the method is capable of detecting a change of 
weight of the adsorbent of 1 part in 20,000. The sensitive silica springs described 
by King, Lawson, Tapp, and Watson (J. Sct. Insir., 1935, 12, 249) will detect a change 
of about 1 part in 7000 under comparable conditions, so the increased sensitivity of 
the present apparatus, together with its much greater robustness, makes it specially 
suitable for the present work. By making the bulb A of the float larger, and therefore 
making it possible for the float to carry a larger load, the sensitivity could be increased 
even further. The float used in the present work could be made to carry 25 g. and so 
be capable of detecting a change of weight of about 1 part in 100,000. 


A further advantage of the present method over the McBain balance is that it allows 
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observations to be made on a truly representative sample of the adsorbent. One can 
never be certain that quantities as small as 0-5 g. or less are really representative of the 
bulk of the substance, since any small amount of foreign material accidentally introduced 
forms a considerable proportion of the total weight. 

For most purposes the presence of mercury vapour in the system is immaterial Coolidge 
has shown that at the ordinary temperature the maximum amount of mercury vapour 
adsorbed by charcoal is 0-3 mg. per g. of adsorbent. In any case, mercury manometers 
have been used by most other workers, so their apparatus has always contained mercury 
vapour. 

Contamination of the mercury surface is a possible source of error, but preliminary 
experiments showed that this was not serious. The mercury was distilled before use, 
but even so, a visible film formed on the surface after standing for some time in the air. 
In the presence of vapours at low pressures, however, the film was not formed, and the 
condition of the surface appeared to be constant over long periods. Any change which 
might have taken place had little effect on the position of the float, although this may 
account for the fact that the first point determined after the apparatus had been allowed 
to stand for some time was sometimes unreliable. 

The least sensitive part of the new technique is the measurment of pressure. For pur- 
poses requiring greater sensitivity we have used an oil manometer, and comparison be- 
tween this and the mercury manometer shows that the latter is accurate to within 0-02 


mm. if care is taken in reading the cathetometer. 


Generally, the adsorbent is baked out before introduction into the apparatus. Even with 
charcoal, this is found to be sufficient if followed by “ flushing out ”’ with carbon tetrachloride, 
but where the adsorbent has to be baked out at a high temperature within the apparatus, 
it may be contained within a platinum cup and heated by means of an induction furnace. 
The boiled out liquid adsorbate was introduced into the reservoir E and frozen by means of 
solid carbon dioxide and ether. The air was then pumped off, and the system baked out. 
The liquid was then distilled into F and any air liberated pumped off. This process was re- 
peated several times until all dissolved air had been removed. 

Meanwhile the pan of the float was filled with adsorbent and the weight was adjusted with 
glass beads. The connecting tube to the storage apparatus was placed in position. The 
mercury level in B was lowered until the whole of the float was exposed, and the apparatus 
was then evacuated and baked out. It is very important to carry out this operation thoroughly 
with the whole surface of the float exposed, otherwise air carried down into the mercury on 
the surface causes trouble. If the float touches the side of the tube beneath the mercury 
surface, the film of air causes it to stick, but if this film is removed there is no trouble from 
sticking. 

When the out-gassing had been completed, the mercury level was raised, and the adsorbent 
flushed out with adsorbate. After the thermostat had been placed in position and the system 
allowed to come to thermal equilibrium, the first reading was taken. A small amount of 
vapour was then admitted, and when equilibrium was reached, a second reading was taken. 
Further quantities of adsorbate were added, and the process repeated. For determining 
the desorption isotherm, the adsorbent was charged up to the highest pressure, and small 
amounts of adsorbate were removed by opening the system to the pump for an instant. 


IMPERIAL COLLEGE OF SCIENCE, LONDON, S.W. 7. [Received, October 17th, 1938.] 





34. Preparation of Simple Cyanines. 
By BERNARD BEILENSON and FRANCES M. HAMER. 


A critical review is given of the known methods for preparing monomethincyanines. 
Certain p-alkylthiol derivatives of heterocyclic bases, and their quaternary salts, are 
described. 2-Methylthiolquinoline behaves anomalously on heating with ethyl] iodide, 
in that 2-ethylthiolquinoline methiodide is the product. By heating 1-methylthiol- 
benzoxazole, or the a- and §-naphthoxazole derivatives, with alkyl iodide, N-alkyl-p- 
thiones are prepared. A thione of this type, but not the keto-compound, can react with 
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an ester to form a salt, which has the power of condensing with certain quaternary, 
heterocyclic salts having a u-methyl group, to give a cyanine. The preparations of 
representatives of various types of monomethincyanines, by use of certain sulphur- 
containing intermediates, are described. 


THERE are four important methods of preparing cyanines of the simplest type, in which the 
two heterocyclic nuclei are linked by a single methin group. These methods vary consider- 
ably in applicability, so that all known cyanine types are not obtainable by each of them. 
The first is restricted to the condensation of a limited number of heterocyclic quaternary 
ammonium salts, containing a reactive methyl group, with unsubstituted quinolinium 
salts. One mol. of acid and two hydrogen atoms are eliminated, and linking occurs, 
through the carbon of the reactive methyl group, with the 4-position of the quinoline 
nucleus. The preparations of the following comparatively few types of 4’-cyanines by this 
method are described in the scientific literature : 4 : 4’-cyanine (Hoogewerff and van Dorp, 
Rec. Trav. chim., 1883, 2, 28, 41, 317; 1884, 3, 337), 2: 4’-cyanine (idem, ibid., 1883, 2, 
317; 1884, 3, 337; Spalteholz, Ber., 1883, 16, 1847), thia-4’-cyanine (Braunholtz and 
Mills, J., 1922, 121, 2004), thiazolo-4’-cyanine (Mills and Smith, J., 1922, 121, 2724), and 
thiazolino-4’-cyanine (Brooker, J. Amer. Chem. Soc., 1936, 58, 662). 

The second method consists in condensing certain heterocyclic quaternary ammonium 
salts, containing a reactive methyl group, with a 2-iodoquinolinium salt. Two mols. of 
acid are eliminated and linking occurs to the 2-position of the quinoline nucleus (Fischer 
and Scheibe, J. pr. Chem., 1920, 100, 86; Hamer, J., 1928, 206). Moreover, quaternary 
salts of 2-iodopyridine, 2-iodo-$-naphthaquinoline, and 1-iodotsoquinoline can be used in 
the same way, so that other types result (Hamer and Kelly, J., 1931, 777; Fisher and 
Hamer, J., 1934, 1905). For this 2’-cyanine condensation, triethylamine proved a better 
condensing agent than caustic alkali (Brooker and Keyes, J. Amer. Chem. Soc., 1935, 57, 
2488) and, by its use, other difficultly accessible 2’-cyanines were obtained (Brooker, 
Keyes, and White, ibid., p. 2492). More kinds of heterocyclic ammonium salts, containing 
a reactive methyl group, have been successfully subjected to the second type of condensa- 
tion than to the first. Both iodine atoms in 2 : 4-di-iodoquinoline ethiodide undergo this 
second type of condensation (Brooker and Smith, ibid., 1937, 59, 67), but it is unknown 
with heterocyclic salts which contain more than one hetero-atom in the ring (e.g., 1-iodo- 
benzthiazole alkiodide). 

In the third method, which has not yet appeared except in the patent literature, the 
part played by the reactive iodine atom in the second method is taken by the alkylthiol 
group; this condensation was applied to the production of a number of types of cyanines 
(Kendall, B.P. 424,559/1933; B.P. 425,609/1933). Alkiodides of 2-arylthiolpyridines or 
of 2-arylthiolquinolines have been prepared from the 2-iodo-compounds, for use in cyanine 
condensations (Kodak Ltd., Brooker, and Keyes, B.P. 454,687/1934). Instead of using a 
quaternary heterocyclic ammonium salt containing an alkylthiol group, e.g. (I), use of an 
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alkyl salt of the corresponding y-thio-N-alkyldihydro-base, e.g. (II), has been recorded 
(I.G. Farbenind. A.-G., B.P. 423,792/1932; Kendall, B.P. 438,420/1934). 

For a recent study of the absorption spectra of symmetrical and unsymmetrical cyanine 
dyes in methyl-alcoholic solution (Fisher and Hamer, Proc. Roy. Soc., 1936, A, 154, 703; 
Beilenson, Fisher, and Hamer, 7bid., 1937, A, 163, 138), the preparation of 45 simple 
cyanines, in a state of purity, was accomplished by one or other of these three methods. 
It seems of value to place on record a few examples of the successful application of the third 
method, together with certain anomalies which were observed. 

The fourth method of preparing simple cyanines, which was applied to the remaining 
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7 simple cyanines in the two papers, has already been discussed (Fisher and Hamer, J., 
1930, 2502; 1934, 962; Kuhn, Winterstein, and Balser, Ber., 1930, 63, 176). 

The published information about the intermediates for the third method is scanty. 
Although the preparation of 2-thiolquinoline (Roos, Ber., 1888, 21, 619; Fischer, Ber., 
1899, 32, 1297) and its conversion into 2-ethylthiolquinoline have been described (Roos, 
loc. cit.), 2-methylthiolquinoline does not appear in the scientific literature. Its methiodide 
and metho-p-toluenesulphonate are obtainable by the normal methods, but an attempt to 
prepare the ethiodide by heating the base (III) with ethyl iodide led to 2-ethylthiolquinoline 
methiodide (IV).. This unexpected result, which was, of course, not detectable on the 
analysis of the quaternary salt, was first suspected owing to the anomalous analyses 
obtained for the azacyanine (V), produced by condensing the salt with 2-aminoquinoline 
ethiodide. On the assumption that R in (V) was methyl, instead of AA the analysis 
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was satisfactory. The correctness of this assumption was shown when the identical 
azacyanine was prepared from 2-methylthiolquinoline methiodide and 2-aminoquinoline 
ethiodide. Further, 2-ethylthiolquinoline methiodide was prepared from 2-ethylthiol- 
quinoline and methyl iodide and was found to be identical with the salt prepared by the 
anomalous method. 2-Ethylthtolquinoline ethiodide and etho-p-toluenesulphonate were also 
made. The dimethylazacyanine, which was the subject of the original synthesis (Hamer, 
J., 1924, 125, 1348; cf. Fisher and Hamer, J., 1937, 307), has now been prepared through 
2-methylthiolquinoline methiodide (cf. Kendall, B.P. 447,038/1934). In preparing cyanines 
by use of alkylthiol compounds, the condensing agent used throughout the present work 
was potassium carbonate (cf. Kodak Ltd. and Beilenson, B.P. 435,542 /1933). 

The conversion of 1-thiolbenzthiazole into 1-methylthiolbenzthiazole, by the action 
of methyl iodide, is known (Hofmann, Ber., 1887, 20, 1788); we carried out the conversion 
with methyl sulphate in the presence of alkali, and subsequently prepared 1-methylthiol- 
benzthiazole methiodide, ethiodide, and metho-p-toluenesulphonate. The anomalous behaviour 
observed with 2-methylthiolquinoline and ethyl iodide has no parallel in the case of 
1-methylthiolbenzthiazole and ethyl iodide: dyes (VI), (VII) and (VIII; R=Et, X= I), 
prepared from the latter reaction product, gave satisfactory analyses. 1-Ethylthiol- 
benzthiazole is known, having been prepared by the action of ethyl iodide, followed by 
alkali, on the thiol compound and also by the action of potassium cyanide and ethyl 
alcohol on di-1-benzthiazolyl disulphide (Levi, Gazzetta, 1931, 61, 383). Here it was pre- 
pared from 1-thiolbenzthiazole, ethyl sulphate, and alkali, and was converted into 
l-ethylthiolbenzthiazole ethiodide. 1-Methylthiolbenzthiazole ethiodide has been used in 
preparing dyes such as the unsymmetrical thiacyanine (VI), a selenathiacyanine (VII), 
and an oxathiacyanine (VIII; R= Et, X =I). Although it is usual, in preparing simple 
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cyanine dyes, to condense together suitable pure quaternary salts, a recorded alternative 
method (Kendall, B.P. 424,559/1933) is to bring about reaction between two appropriate 
bases and alkyl -toluenesulphonate, which method has been adopted for (IX), as also for 
(X) and (XI). The absorption maxima of methyl-alcoholic solutions of these six dyes have 
already been recorded (Beilenson, Fisher, and Hamer, Proc. Roy. Soc., 1937, A, 163, 138). 
1-Thiolbenzoxazole (Diinner, Ber., 1876, 9, 465) was converted into 1-methylthiol- 
benzoxazole (cf. Desai, Hunter, and Khalidi, J., 1934, 1186). 2-Thiol-8-naphthoxazole 
was prepared by a modification of Jacobson’s method (Ber., 1888, 21, 414) and converted 
into 2-methylthiol-8-naphthoxazole. 1-Thiol-a-naphthoxazole was prepared in the same 
kind of way (cf. Jacobson and Schenke, Ber., 1889, 22, 3232) and converted into 1-methyl- 
thiol-«-naphthoxazole. By reaction of such methylthiol compounds with ethyl #-toluene- 
sulphonate and a base, containing a reactive methyl group, there were prepared difficultly 
accessible simple cyanines, ¢.g., the oxa-4'-cyanine (X) and the oxa-2'-cyanine (XI). 


Although there was no difficulty in preparing quaternary salts of alkylthiol derivatives 
of quinoline and of benzthiazole bases, an anomaly was observed in the benzoxazole series : 
when 2-methylthiol-8-naphthoxazole was heated in a sealed tube with methyl iodide, with 
the object of preparing its methiodide, the product obtained, after recrystallisation from 
alcohol, was found to be free from iodine, and was finally identified as 2-thio-1-methyl-1 : 2- 
dihydro-8-naphthoxazole (XII). So also, by heating 1-methylthiol-«-naphthoxazole with 
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methyl iodide or ethyl iodide, we obtained 1-thi0-2-methyl-1 : 2-dihydro-«-naphthoxazole 
(XIII; R = Me) and 1-thio-2-ethyl-1 : 2-dihydro-«-naphthoxazole (XIII; R = Et), respec- 
tively; from 1-methylthiolbenzoxazole and methyl iodide there was obtained 1-thio-2- 
methyl-1 : 2-dihydrobenzoxazole, which had previously been prepared from o-methy]l- 
aminophenol and thiocarbonyl chloride in ether (Seidel, J. pr. Chem., 1890, 42, 445). This 
conversion of alkylthiol derivatives of the benzoxazole series into thiones, simply by heating 
the base with alkyl iodide, is interesting in contrast with one recently patented (Kendall, 
B.P. 475,647 /1936), in which a quaternary salt of a heterocyclic base is subjected to boiling 
with pyridine. 

The thione (XII) was caused to react with methyl #-toluenesulphonate and 1-methyl- 
benzthiazole (cf. Kendall, B.P. 438,420/1934) to give an oxathiacyanine (VIII; R= 
Me, X = C,H,Me-SO,). As indicated in the patents (I.G. Farbenind. A.-G., B.P. 
423,792/1932; Kendall, Joc. cit.), it is not the thione, but its alkyl salt, that has the power 
of reacting with quaternary salts containing a reactive methyl group. This point was 
definitely put to the test here in the preparation of a thia-2’-cyanine. A negative result 
was obtained when an attempt was made to condense 2-thio-l-methyl-1 : 2-dihydro- 
quinoline (XIV; X = S) (Gutbier, Ber., 1900, 33, 3358) with 1-methylbenzthiazole meth- 
iodide in the presence of alkali, whereas the yield of thia-2’-cyanine was 65% when the 
thione was caused to react with methyl #-toluenesulphonate before attempting the dye 
condensation. 

Following upon Decker’s discovery of the alkylquinolinium y-bases (Ber., 1891, 24, 
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690), it was at that time supposed that N-alkylquinolones (e.g., XIV; X = O) are inter- 
mediates in cyanine dye formation. It is now known, however, that this is not the case : 
they do not react with quaternary salts having a reactive methyl group. Since even the 
thio-compound (XIV; X = S) does not react except in the form of its alkyl salt, an attempt 
has now been made to bring about reaction with the quinolone (XIV; X = QO) under those 
same conditions, but the result was again negative. Thus, although the thia-2’-cyanine 
was obtained in 32% yield by fusion of 2-thio-l-methyl-1 : 2-dihydroquinoline, 1-methyl- 
benzthiazole, and methyl #-toluenesulphonate, yet fusion of 2-keto-l-methyl-1 : 2-dihydro- 
quinoline, 1-methylbenzthiazole, and methyl -toluenesulphonate gave no dye; this is 
probably because 2-keto-l-methyl-1 : 2-dihydroquinoline is unable to form a salt by ad- 
dition of alkyl p-toluenesulphonate, whereas such a salt of the thio-compound was actually 
isolated. 


EXPERIMENTAL. 


2-Methylthiolquinoline (III).—2-Thiolquinoline (16 g.; 1 mol.) was dissolved in 5% sodium 
hydroxide solution (80 c.c.; 1 mol.), and methyl sulphate (19 c.c.; 2 mols.) added in small 
portions with vigorous shaking. To keep the reaction mixture alkaline, 10% sodium hydroxide 
solution was added from time to time. After an hour, the oil solidified; it was filtered off, 
washed with water, dried by heating in a vacuum, and distilled, being obtained in 75% yield 
(13-2 g.), b. p. 182—183°/22 mm. Recrystallised from spirit (1 c.c. per g.), it was obtained in 
white needles, m. p. 55°, in 56% yield. After drying in a vacuum desiccator, it was analysed 
by the method of Carius, which method of analysis was employed throughout this work (Found : 
S, 18-2. Cy 9H,NS requires S, 18-3%). 

2-Ethylthiolquinoline —2-Thiolquinoline was dissolved in 10% sodium hydroxide solution 
and shaken with ethyl sulphate, which was added gradually, the mixture being finally heated 
on the water-bath for 1} hours. The product was extracted with ether, and on vacuum dis- 
tillation was obtained in 78% yield as a very pale yellow oil, b. p. 177—178°/26 mm. (Found : 
S, 16-7. C,,H,,NS requires S, 16-9%). 

2-Methylthiolquinoline Methiodide.—2-Methylthiolquinoline (15 g.; 1 mol.) and methyl 
iodide (6-4.c.c.; 1-2 mols.) were heated together in a sealed tube at 100° for 24 hours. The crude 
product (26 g.; 96% yield) began to darken, so was at once recrystallised from absolute alcohol 
(100 c.c.J; the yield was then 87% (23-7 g.). It was dried to constant weight in a vacuum at 
60—80°, which method of drying was used for the salts and dyes throughout this work, except 
where otherwise stated (Found: I, 40-2. C,,H,,NIS requires I, 40-0%). M. p. 193°, with 
softening from 187°. 

2-Methylthiolquinoline Metho-p-toluenesulphonate.—2-Methylthiolquinoline (3-5 g.; 1 mol.) 
and methyl #-toluenesulphonate (3-7 g.; 1 mol.) were fused together at 145—150° for 3 hours. 
After the product had been ground to a powder with benzene and dried in a vacuum desiccator, 
the yield was 91% (6-6 g.). After recrystallisation from absolute alcohol and ether, the yield 
dropped to 37%, and after a second recrystallisation from absolute alcohol (3 c.c. per g.) to 25% 
(Found: S, 17-8. C,sH,gO;NS, requires S, 17:°7%). M. p. 160°, with softening from 155°. 

2-Ethylthiolquinoline Methiodide (IV).—2-Methylthiolquinoline (9-6 g.; 1 mol.) and ethyl 
iodide (5-2 c.c.; 1-2 mols.) were heated together in a sealed tube at 100° for 24 hours, with the 
object of preparing 2-methylthiolquinoline ethiodide. The oily product was washed with ab- 
solute ether and recrystallised from absolute alcohol (80 c.c.). The yield of bright yellow cry- 
stals was 52% (9-4 g.); they rapidly darkened to an olive-yellow, but this was prevented by 
recrystallisation in the presence of a small amount of sulphur dioxide (cf. Browning, Cohen, 
Ellingworth, and Gulbransen, Proc. Roy. Soc., 1931, B, 108, 119) (Found: I, 38-5. C,,H,,NIS 
requires I, 38-3%). M. p. 185° (decomp.). From the product obtained by its condensation 
with £-aminoquinoline ethiodide, the salt was concluded to be 2-ethylthiolquinoline methiodide : 
this was confirmed by the following alternative method of preparation. 2-Ethylthiolquinoline 
(3-8 g.; 1 mol.) and methyl iodide (1-5 c.c.; 1-2 mols.) were heated together in a sealed tube at 
100° for 2 days. The crude solid was obtained in theoretical yield after washing with ether 
and in 71% yield after recrystallisation from methyl alcohol (3 c.c. per g.) containing a little 
sulphur dioxide. M. p., and mixed m. p. with the product above, 185° (decomp.) (Found : 
I, 38-4%). 

2-Ethylthiolquinoline Ethiodide.—2-Ethylthiolquinoline (4:7 g.; 1 mol.) and ethyl iodide 
(2-4 c.c.; 1:2 mols.) were heated together in a sealed tube at 100° for 2 days. After washing 
with ether, the yield was 85%. The salt was recrystallised from methyl alcohol (10 c.c.), but 
was greenish-yellow with a high iodine content (73% yield). After further crystallisation from 
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methyl alcohol (12 c.c.) containing sulphur dioxide, with addition of ether (12 c.c.), it was ob- 
tained in 49% yield as a canary-yellow solid (Found : I, 36-75. C,,;H,,NIS requires I, 36-8%). 
M. p. 165° (decomp.). 

2-Ethylthiolquinoline Etho-p-toluenesulphonate.—2-Ethylthiolquinoline (6-57 g.; 1 mol.) and 
ethyl p-toluenesulphonate (6-9 g.; 1 mol.) were heated together at 150—155° for 9 hours. On 
treatment with acetone (26 c.c.), transformation to a white solid took place, and this was 
filtered off and washed with acetone, being obtained in 68% yield (9-2 g.) (Found: S, 16-65. 
CypH,303,NS, requires S, 165%). M. p. 116°. 

1-Methyl-1'-ethyl-2 : 2’-azacyanine Iodide [(1-Methyl-2-quinoline) (1-ethyl-2-quinoline)azame- 
thincyanine Iodide] * (V, R = Me).—2-Ethylthiolquinoline methiodide (3-3 g.; 1 mol.), obtained 
by the anomalous method described above, 2-aminoquinoline ethiodide (3 g.; 1 mol.), anhydrous 
potassium carbonate (180-mesh; 2-7 g.; 2 mols.), and absolute alcohol (10 c.c.) were boiled 
together under reflux for 3 hours, and the cooled reaction mixture was diluted with ether (30 c.c.). 
The liquid was decanted, and the sticky solid ground with water; it then became granular and 
was obtained in 49% yield (2-16 g.). After recrystallisation from methyl alcohol (20 c.c.), the 
yield was 31% (1-38 g.) [Found: I, 28-6. C,,H, NI requires I, 28-83%. But C,,H,,NslI (i.e., 
V, R = Et) requires I, 27-9%]. By heating together appropriate amounts of 2-methylthiol- 
quinoline methiodide, 2-aminoquinoline ethiodide, anhydrous potassium carbonate, and alcohol 
for an hour, filtering off the solid which separated on cooling, and washing the product with 
water, the yield was 42% and, after recrystallisation from methyl alcohol, 29% (Found: I, 
28-7%). Both samples of azacyanine, separately or mixed, had m. p. about 235° (decomp.). 
The photographic sensitising action of the two also showed their identity. 

1: 1'-Dimethyl-2 : 2'-azacyanine Iodide [Bis-(1-methyl-2-quinoline)azamethincyanine Iodide]. 
—2-Methylthiolquinoline methiodide, 2-aminoquinoline methiodide, anhydrous potassium car- 
bonate, and absolute alcohol were boiled together for an hour. The yield of dye was 55%. 
After recrystallisation from methyl alcohol (17 c.c. per g.), the yield of bright yellow crystals 
was 43% (Found: I, 29-9. Calc. for Cy5H,,N;I: I, 29°7%). M. p. 273—275° (decomp.), with 
darkening from 267°. When heated simultaneously, the sample previously synthesised (Hamer, 
J., 1924, 125, 1348) had the same m. p., and so had their mixture. 

1-Methylthiolbenzthiazole.—1-Thiolbenzthiazole was shaken with 10% sodium hydroxide 
solution and methyl sulphate. After some hours, the resultant oil solidified on cooling with 
ice and was filtered off and washed with water. It was dried by heating in a vacuum and then 
distilled in a vacuum, being obtained in 87% yield (Found: S, 35-5. Calc. for C,H,NS,: S, 
35-4%). B. p. 165—166°/15 mm., m. p. 44—45°. Hofmann gives m. p. 52° (Ber., 1887, 20, 
1788) and Levi gives m. p. 46° (Gazzetta, 1931, 61, 383). 

1-Ethylthiolbenzthiazole —1-Thiolbenzthiazole was dissolved in 10% sodium hydroxide 
solution and shaken vigorously with ethyl sulphate for 40 minutes, then heated for 30 minutes 
on the water-bath. The oil was extracted with ether and obtained in 59% yield as a pale yellow 
oil, b. p. 174—176°/22 mm. M. p. 25—26°. Levi (loc. cit.) gives m. p. 26° (Found: S, 32-8. 
Calc. for C,H,NS,: S, 32-85%). 

1-Methylthiolbenzthiazole Methiodide (I; R = Me, X = I).—The base and methyl iodide 
were heated together in a sealed tube at 100° for 2 days. After ether extraction, the undis- 
solved residue was recrystallised from methyl alcohol (10 c.c. per g.) containing a little sulphur 
dioxide. A 75% yield of bright yellow crystals was obtained (Found: I, 39-4. C,H, ,NIS, 
requires I, 39-3%). M. p. 146° (decomp.). 

1-Methylthiolbenzthiazole Ethiodide (I; R = Et, X = I).—By heating the base and ethyl 
iodide under reflux for a day, only a 4% yield was obtained. 1-Methylthiolbenzthiazole (17-8 g. ; 
1 mol.) and ethyl iodide (1-2 mols.) were heated in a sealed tube for 2 days at 100°. The sticky 
mass crystallised on standing and was washed with ether (33 g. obtained). It was recrystallised 
from methyl alcohol (25 c.c.). Some undissolved oily residue gave a pale yellow solid (8-32 g.) 
on washing with acetone, and the recrystallised salt also was washed with acetone (11-60 g. 
obtained). Thus the total yield was 61% (19-92 g.) (Found after drying in a vacuum desiccator : 
I, 38-0. Cy 9H, ,NIS, requires I, 37-65%). M. p. 135—137° (decomp.). 

1-Methylthiolbenzthiazole Metho-p-toluenesulphonate.—1-Methylthiolbenzthiazole and: methyl 
p-toluenesulphonate were heated together at 145° for 1} hours. On treatment with acetone, 
crystallisation occurred and an almost white solid was obtained in 86% yield (Found: S, 26-2. 
C,,.H,,0,NS, requires S, 26-2%). M. p. 167—168° with previous softening. 

1-Ethylthiolbenzthiazole Ethiodide.—After 1-ethylthiolbenzthiazole and ethyl iodide had been 
heated in a sealed tube at 100° for 2 days, and the resultant oil washed with cold acetone, a pale 


* The names of cyanines given in brackets are in accordance with the modern nomenclature for 
this class of compound.—Editor. 
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yellow powder was obtained in 48% yield. It was dissolved in hot methyl alcohol (1 c.c. per g.) 
and precipitated from the cooled solution with ether (1 c.c. per g.). The yield was 38%, and 
another crystallisation from absolute alcohol (1 c.c. per g.) gave a 33% yield of white solid 
(Found after drying in a vacuum desiccator: I, 35-9. C,,H,,NIS, requires I, 36-1%). M. p. 
95— 96°. 

2 : 2’-Diethyl-5 : 6-benzthiacyanine Iodide [(2-Ethyl-1-benzthiazole)(2-ethyl-5 : 6-benz-1-benzthia- 
zole)methincyanine Iodide} (V1).—1-Methylthiolbenzthiazole ethiodide (0-84 g.; 1 mol.), 1- 
methyl-a-naphthathiazole ethiodide (0-90 g.; 1 mol.), anhydrous potassium carbonate (180- 
mesh; 0-42 g.; 1-2 mols.), and absolute alcohol (15 c.c.) were boiled and stirred together for 
20 minutes. The dirty greenish-yellow product was suspended in acetone and treated with 
sulphur dioxide; thereafter the solid was twice boiled out with methyl alcohol (20 c.c., 10 c.c.), 
and then with spirit (500 c.c.). The undissolved, canary-yellow solid amounted to a 75% yield 
(0-98 g.) (Found: I, 24-8. (C,,H,,N,IS, requires I, 246%). M. p. 299° (decomp.). The 
absorptions of methyl-alcoholic solutions of this and the following three compounds have already 
been recorded (Beilenson, Fisher, and Hamer, Proc. Roy. Soc., 1937, A, 163, 138). 

2 : 2’-Diethylselenathiacyanine Iodide [(2-Ethyl-1-benzthiazole) (2-ethyl-1-benzselenazole)methin- 
cyanine JIodide| (VII).—1-Methylthiolbenzthiazole ethiodide and 1-methylbenzselenazole 
ethiodide were brought into reaction as above. The product, washed with water (yield, 88%), 
crystallised from methyl alcohol (145 c.c. per g.) in bright yellow needles in 65% yield (Found : 
I, 24-8. C,H, N,ISSe requires I, 24-7%). M.p. 284° (decomp.). 

2: 2’-Diethyl-3 : 4-benzoxathiacyanine Iodide [(2-Ethyl-3 : 4-benz-1-benzoxazole) (2-ethyl-1-benz- 
thiazole)methincyanine Iodide] (VIII; R= Et, X = I).—1-Methylthiolbenzthiazole ethiodide 
(2 g.) was caused to react with 2-methyl-8-naphthoxazole ethiodide as above. The product 
was filtered off when cold and washed with water, and then thrice with hot acetone (20c.c. x 3), 
being obtained in 17% yield (Found: I, 25-6. C,3;H,,ON,IS, requires I, 25-4%). M. p. 288° 
(decomp. ). 

2 : 2’-Diethyl-5 : 6-benzoxathiacyanine Iodide [(2-Ethyl-5 : 6-benz-1-benzoxazole) (2-ethyl-1-benz- 
thiazole}methincyanine Iodide] (IX).—1-Methylthiolbenzthiazole (1-81 g.; 1 mol.), 1-methyl- 
a-naphthoxazole (1-83 g.; 1 mol.), and ethyl p-toluenesulphonate (4-04 g.; 2 mols.) were fused 
together at 160° for 34 hours. The melt was dissolved in absolute alcohol (20 c.c.), treated with 
anhydrous potassium carbonate (180-mesh; 1-65 g.; 1-2 mols.), and heated on the steam-bath 
for 15 minutes. A solution of potassium iodide (4 g.) in water (7c.c.) wasadded. After washing 
with water and spirit, a 41% yield (2-07 g.) of a bright yellow compound was obtained. It was 
recrystallised from pyridine (400 c.c.), a second crop being obtained by concentration (to 100 c.c.) 
and precipitation with ether (50 c.c.), making the total yield 28% (1-38 g.) (Found: I, 25-5. 
C,;H,,ON,IS requires I, 25-4%). M. p. 278° (decomp.). 

1-Methylthiolbenzoxazole.—1-Thiolbenzoxazole (1 mol.) was dissolved in 10% sodium hydrox- 
ide solution (nearly 2 mols.) and gradually treated with methyl sulphate (2 mols.). After an 
hour, the base was extracted in ether, dried with potassium carbonate, and vacuum-distilled, 
being obtained as a colourless oil, b. p. 139—140°/21 mm., in 80% yield (Found: S, 19-2. 
C,H,ONS requires S, 19-4%). 

2-Thiol-8-naphthoxazole.—1-Amino-2-naphthol hydrochloride (10 g.; 1 mol.) was heated with 
spirit (50 c.c.) and treated with 10% aqueous potassium hydroxide (29 c.c.; 1 mol.). Carbon 
disulphide (30 c.c.) was added, and the mixture refluxed on the steam-bath for 2 days. After 
distillation of the excess of carbon disulphide and spirit, the residual solid was filtered off, 
washed with water, and recrystallised twice from spirit. The yield was 65% and the m. p. 264°, 
with softening from 254°; Jacobson (Ber., 1888, 21, 417) gives m. p. 248—249° (Found: S, 
16-1. Calc. for C,,H,ONS: S, 15-9%). 

1-Thiol-a-naphthoxazole.—2-Amino-l-naphthol hydrochloride was treated with spirit, 
aqueous sodium hydroxide, and carbon disulphide. The washed solid, obtained as in the 
previous preparation, was at first light in colour but rapidly darkened. Its solution in dilute 
aqueous sodium hydroxide was heated with charcoal, and the product recovered, in 61% yield, 
by precipitation with acetic acid. A sample recrystallised from methyl alcohol (12 c.c. per g.), 
with addition of charcoal, still darkened on standing (Found: S, 15-8. Calc. for C,,H,ONS : 
S, 15-9%). M. p. 260—261° (decomp.). Jacobson and Schenke (Ber., 1889, 22, 3232) give 
m. p. 259—260°. 

2-Methylthiol-B-naphthoxazole.—2-Thiol-8-naphthoxazole was dissolved in sodium hydroxide 
solution and gradually treated with methyl sulphate, with shaking; the resultant oil solidified 
(100% yield). After two vacuum distillations it was obtained as an amber liquid in 45% yield. 
B. p. 214°/2 mm., 225°/18 mm., m. p. 73° (Found: S, 14-8. C,,H,ONS requires S, 149%). 

1-Methylthiol-«-naphthoxazole.—This was obtained by reaction of methyl sulphate and alkali 
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on 1-thiol-«-naphthoxazole, and was recrystallised from spirit and water (charcoal). The yield 
was 63% and, after vacuum distillation, 50%. B. p. 222—230°/9 mm., m. p. 64° (Found: S, 
14:7. Cy,H,ONS requires S, 14-9%). 

2: 1'-Diethyloxa-4'-cyanine Iodide [(1-Ethyl-4-quinoline) (2-ethyl-1-benzoxazole)methincyanine 
Iodide] (X).—1-Methylthiolbenzoxazole (1-65 g.; 1 mol.), lepidine (1-43 g.; 1 mol.), and ethyl 
f-toluenesulphonate (4-04 g.; 2 mols.) were fused together at 150—160° for 3-5 hours. The 
yellow mass was dissolved in hot spirit (15 c.c.) and treated with potassium iodide (4 g.) dis- 
solved in water (7 c.c.). The dye was filtered off and washed with water, and the treatment 
with potassium iodide repeated; the yield was then 26%. After recrystallisation from methyl 
alcohol (10 c.c. per g.), the yield was 11% (Found: I, 28-5. C,,H,,ON,I requires I, 28-6%). 
M. p. 233° (decomp.) with shrinking from 225°. The absorptions of methyl-alcoholic solutions 
of this and the following compound have already been recorded (Beilenson, Fisher, and Hamer, 
loc. cit.). 

2: 1'-Diethyl-5 : 6 : 5’ : 6’-dibenzoxa-2'-cyanine Iodide [(1-Ethyl-5 : 6-benz-2-quinoline) (2-ethyl- 
5 : 6-benz-1-benzoxazole)methincyanine Iodide] (XI).—1-Methylthiol-«-naphthoxazole (2-15 g.; 
1 mol.), 8-naphthaquinaldine (1-93 g.; 1 mol.), and ethyl p-toluenesulphonate (4-04 g.; 2 mols.) 
were heated together at 150—155° for 3 hours. The orange mass was dissolved in absolute 
alcohol (40 c.c:) and boiled with anhydrous potassium carbonate (180-mesh; 1-35 g.; 1 mol.) 
for 15 minutes. A solution of potassium iodide (5 g.) in water (5 c.c.) was added. The dye 
iodide was filtered off and washed with alcohol and then with water (29% yield). After 
recrystallisation from methyl] alcohol (400 c.c.), the yield was 15% (Found: I, 23-2. C,,H,,ON,I 
requires I, 23-3%). M. p. 288° (decomp.). 

2-Thio-1-methyl-1 : 2-dihydro-B-naphthoxazole (XII).—Freshly distilled 2-methylthiol-8- 
naphthoxazole (6-45 g.; 1 mol.) and methyl iodide (2-2 c.c.; 1-2 mols.) were heated together 
in a sealed tube at 100° for 2 days, with the object of preparing the methiodide of the base. The 
product, washed with ether (6-45 g. obtained) and recrystallised from spirit (800 c.c.), formed 
felted needles, m. p. 185—187°, which were free from iodine. From the analytical results, it 
was identified as 2-thio-1-methyl-1 : 2-dihydro-B-naphthoxazole, the yield of pure product. being 
thus 78% (Found: C, 67-0; H, 4:8; N, 6-8;-S, 14:5. C,,H,ONS requires C, 67-0; H, 4-8; 
N, 6-5; S, 149%). 

1-Thio-2-methyl-1 : 2-dihydro-a-naphthoxazole (XIII; R= Me), obtained by heating 1- 
methylthiol-«-naphthoxazole in a sealed tube with methyl iodide, was washed with ether (100% 
yield). After being boiled out with a little methyl alcohol (solubility <1 g. per 500 c.c.), it was 
free from iodine, and after recrystallisation from pyridine (6 c.c. per g.), it was pure white 
(yield, 63%) (Found: S, 15-1. C,,H,ONS requires S, 14-9%). M. p. 226°. 

1-Thio-2-ethyl-1 : 2-dihydro-a-naphthoxazole (XIII; R = Et), obtained by heating 1-methyl- 
thiol-«-naphthoxazole with ethyl iodide in a sealed tube, was washed with ether. After two 
recrystallisations from spirit (175 c.c. per g.), the yield was 32% (Found: S, 14:0. C,,H,,ONS 
requires S, 14:0%). M. p. 215°. 

1-Thio-2-methyl-1 : 2-dihydrobenzoxazole.—1-Methylthiolbenzoxazole and methyl iodide were 
heated together in a sealed tube and the ether-washed product was recrystallised from methyl 
alcohol (5 c.c. per g.). The yield was 42% and the solid was free from iodine. After a second 
recrystallisation from methyl alcohol (8 c.c. per g.) the yield was reduced to 28% (Found : 
S, 19-4. Calc. for CgH,ONS: S, 19-4%). M. p. 133°; Seidel (J. pr. Chem., 1890, 42, 445) 
gives m. p. 128°. . 

2: 2’-Dimethyl-3 : 4-benzoxathiacyanine p-T oluenesulphonate [(2-Methyl-3 : 4-benz-1-benzoxazole) 
(2-methyl-1-benzthiazole)methincyanine p-T oluenesulphonate] (VIII; R = Me, X = C,H,Me-SO,). 
—2-Thio-1-methyl-1 : 2-dihydro-$-naphthoxazole (1-08 g.; 1 mol.), 1-methylbenzthiazole 
(0-75 g.; 1 mol.), and methyl p-toluenesulphonate (1-86 g.; 2 mols.) were heated together 
in an oil-bath at 150° for 1 hour. On treatment of the pasty mass with spirit (10 c.c.), 
a yellow dye separated; this was filtered off and washed with water, being obtained in 71% 
yield (1-83 g.). After recrystallisation from methy] alcohol (5 c.c.), the yield was 58% (Found : 
S, 12-2. C,gH,,O,N,S, requires S, 12-4%). M. p. 262° (decomp. from about 190°). 

2: 1'-Dimethylthia-2'-cyanine Iodide [(1-Methyl-2-quinoline) (2-methyl-1-benzthiazole)methin- 
cyanine Iodide].—2-Thio-1-methyl-1 : 2-dihydroquinoline (0-44 g.; 1 mol.) was heated with 
methyl p-toluenesulphonate (0-46 g.; 1 mol.) in an oil-bath at 150° for 1 hour. [The resultant 
salt solidified on treatment with acetone (3 c.c. per g.), being obtained in 73% yield. After 
solution in methyl alcohol (2} c.c. per g.) and precipitation with ethyl acetate, the yield of white 
crystalline salt was 62%, m. p. 160—161° (Found : S, 17-85. C,,H,,O,;NS, requires S, 17-75%).] 
The crude salt was dissolved in absolute alcohol (15 c.c.) and treated with 1-methylbenzthiazole 
methiodide (0-73 g.; 1 mol.) and anhydrous potassium carbonate (180-mesh; 0-34 g.; 1 mol.). 
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The mixture was boiled and stirred for 3 minutes. After filtration and washing, the yield of crude 
dye was 84% (0-91 g.). Recrystallisation from methyl alcohol (140 c.c.) gave a 65% yield 
(Found: I, 29-45. Calc. for C,,H,,N,IS: I, 294%). The physical properties were the same 
as those of the original specimen (Hamer, J., 1928, 206). When an attempt was made to con- 
dense 2-thio-1-methyl-1 : 2-dihydroquinoline (0-22 g.; 1 mol.) and 1-methylbenzthiazole meth- 
iodide (0-36 g.; 1 mol.), by heating with anhydrous potassium carbonate (180-mesh; 0-17 g.; 
1 mol.) in absolute alcohol (8 c.c.), no thia-2’-cyanine was formed. 

The dye was also prepared by fusing together 2-thio-1-methyl-1 : 2-dihydroquinoline (1-75 g. ; 
1 mol.), 1-methylbenzthiazole (1-3 c.c.; 1 mol.), and methyl -toluenesulphonate (3-72 g.; 
2 mols.) at 150° for 2 hours, without a condensing agent. The pasty reaction mixture was dis- 
solved in hot spirit (30 c.c.) and treated with a hot solution of potassium iodide (3 g.) in water 
(6 c.c.). The yield of washed dye iodide was 36% (1-54 g.) and, after recrystallisation from 
methyl alcohol (375 c.c.), it was 32%. 

An attempt to prepare the same compound by fusion of 2-keto-1-methyl-1 : 2-dihydroquino- 
line (1-59 g.; 1 mol.), 1-methylbenzthiazole (1-28 c.c.; 1 mol.), and methyl p-toluenesulphonate 
(3-72 g.; 2 mols.) gave a negative result 


Kopak Ltp., WEALDSTONE, HARROW, MIDDLESEX. [Received, November 30th, 1938.] 





35. Preparation of Analogous Organic Derivatives of Sulphur, 
Selenium, and Tellurium. 


By N. M. Curiinang, A. G. REEs, and C. A. J. PLUMMER. 


The preparation of diphenylene sulphide (two methods), selenide (two methods), 
and telluride is described. 


DIAZOTISATION of 2-aminodiphenyl sulphide, followed by treatment of the product with 
50% sulphuric acid, affords a fair yield of diphenylene sulphide (I). Courtot and Bastani 
(Compt. rend., 1936, 203, 198) obtained the same compound in unstated yield by heating 
diphenylene telluride (IV) with sulphur. Sulphur likewise replaces selenium in diphenylene 
selenide (II), giving a 56% yield of diphenylene sulphide. 

Diphenylene sulphide reacts with acetyl chloride in presence of aluminium chloride 
to give a diacetyl derivative. Although the constitution of this substance has not been 
established,* comparison with other substitution derivatives in this series indicates that 
the acetyl groups are attached at the 3- and 6-positions (compare, e.g., Cullinane, Davies, 
and Davies, J., 1936, 1436; Chaix and De Rochebouét, Bull. Soc. chim., 1935, 2, 273). 
3-Acetyldiphenylene oxide is similarly formed from acetyl chloride and diphenylene oxide 
(Mayer and Krieger, Ber., 1922, 55, 1659). 

2-Nitrodiphenyl selenide can be obtained in small yield by the condensation of o- 
nitrobenzenediazonium chloride and sodium selenophenoxide, the intermediate unstable 
diazo-selenoether losing nitrogen on being heated : 


C,H,'SeK + CIN,*C,H,NO, —> C,H,'Se-N,*C,H,NO, —> C,H,SeC,H, NO, 


A much better yield results from the condensation of o-chloronitrobenzene and potassium 
selenophenoxide ; this method has not hitherto been employed for the synthesis of diaryl 
selenides. 

The diazonium salt derived from 2-aminodiphenyl selenide, when boiled with 50% 
sulphuric acid, affords no diphenylene selenide (contrast that of the corresponding sulphide) ; 
by choosing a suitable concentration of acid, however, a very small quantity can be ob- 
tained. Both diphenyl diselenide and benzeneseleninic acid are simultaneously produced. 
This shows that scission of the selenium bond occurs, for each of these substances is readily 
formed from the selenophenol resulting from the rupture. 

Copper-bronze reacts readily with thianthren to give diphenylene sulphide (Cullinane, 


* (Note added in proof.) Burger, Wartman, and Lutz (J. Amer. Chem. Soc., 1938, 60, 2630) have 


now established the constitution of this substance, for which they give m. p. 208—209°, by the series 
of reactions: diacetyl compound -> dioxime -> diacetamido - compound —> 3 : 6-diaminodiphenylene 


sulphide. 
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Morgan, and Plummer, Rec. Trav. chim., 1937, 56, 629). Selenanthren (III) is converted 
with equal ease into diphenylene selenide. 


a0 = 020 ~ 00-00 
CO. + YO + Orn O > Oran 


Diphenylenesulphone is converted by the action of sulphur and selenium into di- 
phenylene sulphide (Cullinane and Davies, Rec. Frav. chim., 1936, 55, 884) and selenide 
(Cullinane, Morgan, and Plummer, Joc. cit.) respectively. Contrary to the statement of 
Courtot and Bastani (oc. cit.), the action of heat on a mixture of diphenylenesulphone and 
tellurium gives diphenylene telluride; the yield, however, diminishes progressively from 
sulphide to telluride. 


fr re Te 
OO = CCN) « 


EXPERIMENTAL. 


Diphenylene Sulphide.—(a) A solution of 2-aminodiphenyl sulphide (4 g.) (Cullinane and 
Davies, loc. cit.) in hot dilute sulphuric acid (60 c.c.) was rapidly cooled, and the finely divided 
sulphate diazotised at 0° with sodium nitrite (1-7 g.) in water (10 c.c.), the mixture being stirred 
during 2 hours; the diazonium salt separated in yellow needles. The mixture was then poured 
gradually into sulphuric acid (300 c.c.) so that the ultimate concentration of acid was 50%, 
and, after boiling under reflux for 7 hours, the product was distilled with steam. Diphenylene 
sulphide was precipitated from the distillate with sodium hydroxide solution, washed with 
water, and crystallised from alcohol, colourless needles (1-5 ¢.), m. p. and mixed m. p. 99°, 
being obtained. 

(b) Diphenylene selenide (4 g.) and sulphur (0-8 g.) were well mixed and heated gradually to 
gentle boiling, crystals which sublimed on the condenser walls being melted down from time 
to time. After 6 hours, when addition of concentrated sulphuric acid to a test portion showed 
that there was scarcely any selenide present (the sulphide gives no coloration), the product 
was distilled with steam, and the solid distillate recrystallised from alcohol. The yield of 
diphenylene sulphide, m. p. 99°, was 56%. 

3 : 6-Diacetyldiphenylene Sulphide.—Treatment of diphenylene sulphide with acetyl chloride 
and anhydrous aluminium chloride under various conditions furnished no monoacety] derivative. 

Diphenylene sulphide (5g.) was dissolved in dry carbon disulphide (50c.c.), aluminium chloride 
(5 g.) and acetyl chloride (2-5 g.) added, and the mixture boiled under reflux with frequent 
shaking for 2 hours, hydrogen chloride being evolved. The oily solid remaining after removal 
of the solvent and addition of dilute hydrochloric acid to the residue was washed with ether, 
and the undissolved portion extracted with boiling acetone. Several crystallisations from the 
same solvent gave pale yellow needles (about 1 g.), m. p. 210° (Found: S, 12-2. C,,H,,0,S 
requires S, 11-9%). 

Diphenylenesulphone-3 : 6-dicarboxylic Acid.—A mixture of the diacetyl compound (4-2 g.), 
bleaching powder (18g.), and dilute sodium hydroxide solution (140c.c.) was stirred mechanically 
for 3 hours at 70°. A further 2 g. of bleaching powder were then added, and the experiment 
continued for 2 hours more, while the water-bath was raised gradually to the b. p. The liquid 
was filtered, the residue extracted with boiling aqueous sodium hydroxide, and the filtrates 
combined and acidified with concentrated hydrochloric acid. The precipitate of small needles 
(3 g.), which did not melt below 400°, was redissolved in alkali solution and reprecipitated 
[Found: equiv., 156. C,,H,SO,(CO,H), requires equiv., 152]. The acid was insoluble in 
most organic solvents. 

2-Nitrodiphenyl Selenide.—Repetition of the synthesis of Keimatsu, Yokota, and Satoda 
(J. Pharm. Soc. Japan, 1932, 52, 531) gave only a small yield. Potassium hydroxide (5-9 g.), 
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heated with water (1-5 c.c.), was added to a solution of o-chloronitrobenzene (13-5 g.) and 
selenophenol (15 g.) in hot alcohol. . The brownish solution was boiled under reflux in a nitrogen 
atmosphere for 12 hours. The light brown solid deposited on cooling was washed with a little 
cold alcohol and with water and recrystallised from acetone—alcohol. The required nitro- 
compound (18 g.;- 75% yield, calculated on the chloronitrobenzene) was deposited in bright 
yellow needles, m. p. 92°. The product of the Japanese authors melted at the same temperature. 

2-Aminodiphenyl Selenide.—Keimatsu, Yokota, and Satoda reduced the nitro-compound 
with zinc dust and dilute sulphuric acid. An 80% yield of the amine was afforded by reduction 
with iron filings, ferric chloride, and water. The amine was extracted in much dilute hydro- 
chloric acid, liberated with sodium hydroxide solution, and distilled in steam. An ethereal 
extract of the distillate yielded colourless needles, m. p. 36°. The hydrochloride formed colour- 
less needles, m. p. 163° (decomp.). 

Diphenylene Selenide.—(a) 2-Aminodipheny] selenide (2-75 g.) was ground with dilute sulphuric 
acid (12 c.c.) and diazotised at 0° with sodium nitrite (0-92 g.) in water (10 c.c.). The clear 
solution of the diazonium salt was poured after 30 minutes into sulphuric acid (200 c.c.), the 
ultimate concentration of acid being 50%. The mixture was boiled under reflux for 4 hours, 
and the product distilled with steam. Excess of aqueous sodium hydroxide precipitated from 
the distillate a solid, which, crystallised from alcohol, gave yellow needles of diphenyl diselenide, 
m. p. 63°. Acidification of the alkaline filtrate gave a deposit, which, when recrystallised from 
alcohol, afforded benzeneseleninic acid in yellow needles, m. p. 124°. No diphenylene selenide 
could be isolated. In another experiment, 85% sulphuric was used, the mixture stirred at 
45—50° for 1} hours, cooled, and poured on ice, and excess of solid sodium carbonate added. 
Distillation with steam yielded a minute quantity of diphenylene selenide in colourless needles, 
m. p. 71°, identified by comparison with an authentic sample. The other products mentioned 
above were also isolated. 

Diphenylene selenide becomes deep blue on addition of concentrated sulphuric acid; on 
warming, it dissolves to a purplish-red solution, which becomes colourless on further heating or 
on addition of a drop of concentrated nitric acid. 

(b) In the preparation of selenanthren * from selenium and diphenylenedisulphone (Krafft 
and Kaschau, Ber., 1896, 29, 443) the temperature has to be regulated very carefully if a satis- 
factory yield is to be obtained. When the heating is too vigorous, resulting in rapid evolution 
of sulphur dioxide, the selenanthren formed is largely decomposed and a small quantity only 
is isolated. The formation of selenophenol, which rapidly changes into diphenyl diselenide, 
m. p. 63°, is observed. The following method gives a yield of 44%. The disulphone and 
selenium are well mixed and heated gradually to the m. p. A crust forms on the surface of 
the liquid and this is melted down at intervals. After several hours the crust ceases to form, 
all the reaction mixture remaining molten. As the reaction progresses, the flame is gradually 
lowered, the evolution of gas being maintained at a rather slow rate. When sulphur dioxide 
has almost ceased to be formed, the product is worked up as described by Krafft and Kaschau. 

Selenanthren (3 g.) was heated with copper-bronze (12 g.) under a long air condenser while 
nitrogen was passed through the vessel. The temperature was gradually raised to 230° (bath 
temperature) and maintained at this point for 4 hours. The product was extracted with hot 
acetone, the solvent removed, and the residue distilled with superheated steam. The white 
solid obtained on recrystallisation from alcohol was diphenylene selenide (yield, 60%). 

Diphenylene Telluride.—Diphenylenesulphone (Cullinane and Davies, Joc. cit.) (8 g.) and 
tellurium (6 g.) were mixed thoroughly and heated in an atmosphere of carbon dioxide until 
evolution of sulphur dioxide indicated that reaction had begun. The temperature was regu- 
lated so that the evolution of gas was continuous, the sublimate of sulphone being melted down 
from time to time. After 36 hours the product was extracted with boiling acetone, and the 
extract evaporated to dryness. The solid residue was washed with cold alcohol, in which the 
telluride dissolved, the sulphone remaining unaffected. The product resulting from evapor- 
ation of the alcohol was distilled in steam and recrystallised from light petroleum, colourless 
needles (about 1 g.), m. p. 93°, being obtained. The crystals became violet on addition of cold 
concentrated sulphuric acid and then gave a colourless solution, . 


The authors are indebted to the Chemical Society for a grant. 


THE TaTEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, November 30th, 1938.] 


* Preliminary experiments indicate that the two isomeric dioxides melt at 249° and 266°. This 
work is being continued. 
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36. The Constituents of Natural Phenolic Resins. Part XIV. 
The Synthesis of dl-, d-, and 1-Matairesinol Dimethyl Ether. 


By Rosert D. HAwortH and Davin Woopcock. 


Syntheses of dl-, d-, and J-«B-di-(3 : 4-dimethoxybenzyl)butyrolactone have been 
effected by the method employed (J., 1938, 1985) for the corresponding methylenedioxy- 
derivatives. The synthetic /-lactone is identical with /-matairesinol dimethyl] ether, 
obtained by methylation of natural /-matairesinol. 


IN a recent communication (J., 1938, 1985) the synthesis of d/-, d-, and /-hinokinin from 
a8-di-(3 : 4-methylenedioxybenzylidene)succinic acid was reported. Attempts to extend 
the method to the synthesis of matairesinol dimethyl ether (III) were at first disappointing 
because the required «$-di-(3 : 4-dimethoxybenzylidene)succinic acid could not be isolated 
from the condensation which undoubtedly occurred between veratraldehyde and ethyl 
succinate in the presence of sodium ethoxide. Reduction of the crude acidic fraction of 
the condensation product with sodium amalgam yielded a mixture, from which meso-«f- 
di-(3 : 4-dimethoxybenzyl)succinic acid (1) was isolated by means of its sparing solubility in 
organic solvents. This acid (I) was converted by boiling with acetic anhydride into dl(trans)- 
aB-di-(3 : 4-dimethoxybenzyl)succinic anhydride (II), which yielded dl(trans)-«8-d1-(3 : 4- 
dimethoxybenzyl)butyrolactone (III) on reduction with amalgamated aluminium in moist 
ether—benzene solution. The lactone (III) gave crystalline dibromo- and dinitro-substitu- - 
tion products, it was converted by lead tetra-acetate into a mixture of the lactones of 6 : 7- 
dimethoxy-1-(3’ : 4’-dimethoxypheny])-3-hydroxymethylnaphthalene-2-carboxylic and 6:7- 
dimethoxy-1-(3’ : 4’-dimethoxypheny]l)-2-hydroxymethylnaphthalene-3-carboxylic _ acid, 
and its rate of hydrolysis and the rate of lactonisation of the corresponding hydroxy-acid 
were indistinguishable from those of /-matairesinol dimethyl ether and the derived hydroxy- 
acid respectively. Consequently the synthetic lactone (III) is regarded as d/-matairesinol 
dimethyl] ether. 


CH ~~ 
MeO "\CH-CO,H MeO)“ * \CH-CO 
MeO CH-CO,H MeO: P, 


CH, 


H-CH, 
¢H-Co7O éH-Cco7O 


Hy CH, H, 


OMe OMe lOMe 


Me Me Me 
(I.) (II.) (III.) 

Hydrolysis of di(trans)-«8-di-(3 : 4-dimethoxybenzyl)succinic anhydride (II) yielded 
dl-a-di-(3 : 4-dimethoxybenzyl)succinic acid (I), which was resolved by strychnine into the 
d- and the /-modification, [«]}}" + 25-8° and — 25-3° respectively. 

The d- and the /-form of «8-di-(3 : 4-dimethoxybenzyl)succinic acid (I) yielded d(—)- and 
1l(+-)-anhydrides (II), m. p. 131°, [«]§° + 38°, which were reduced with amalgamated alu- 
minium to d- and |-«$-di-(3 : 4-dimethoxybenzyl)butyrolactones (III), m. p. 126°, [«]§” + 32° 
respectively. The identity of the synthetic lactone with /-matairesinol dimethyl ether 
was established by direct comparison of the lactones and their dibromo- and dinitro- 
substitution products. The synthetical d- and /-lactones underwent cyclodehydrogenation 
to a mixture of the lactones of 6 : 7-dimethoxy-1-(3’ : 4’-dimethoxypheny]l)-3-hydroxy- 
methylnaphthalene-2-carboxylic acid and 6 : 7-dimethoxy-1-(3’ : 4’-dimethoxypheny])-2- 
hydroxymethylnaphthalene-3-carboxylic acid, and the rates of hydrolysis of the synthetic 
lactones*and the rates of lactonisation of the corresponding hydroxy-acids were indistin- 
guishable from those of /-matairesinol dimethyl ether and the dimethyl ether of /-mataire- 
sinolic acid respectively. 

EXPERIMENTAL. 

meso-a8-Di-(3 : 4-dimethoxybenzyl)succinic Acid (I).—A solution of veratraldehyde (16-8 g.) 

and ethyl succinate (8-8 g.) in ether (50 c.c.) was added to a suspension of sodium ethoxide 
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(from sodium, 2-24 g.) in ether (20c.c.). After 4 hours, the cream-coloured precipitate was dis- 
solved by addition of water (40 c.c.) and 4% sodium amalgam (2000 g.) was gradually added to 
the aqueous layer which was warmed on the water-bath for 6 hours and subjected to a continu- 
ous stream of carbon dioxide. Acidification of the filtered solution yielded a gum, which was 
shaken with chloroform, and the acid (I) which separated’ was collected. Crystallisation from 
glacial acetic acid gave slender prisms (3-7 g.), m. p. 223—-224° (rapid heating) (Found: C, 63-2; 
H, 6-1. Cy,H,.O, requires C, 63-2; H, 6-3%). 

dl(trans)-a8-Di-(3 : 4-dimethoxybenzyl)succinic anhydride (II), obtained in 85% yield by 
boiling the meso-acid with acetic anhydride (5 parts) for 1 hour, crystallised from benzene in 
rosettes of colourless prisms, m. p. 110—112° (Found: C, 65-7; H, 6-2. C,,H,,O, requires 
C, 66-0; H, 6-0%). 

di(trans)-«8-Di-(3 : 4-dimethoxybenzyl)butyrolactone (III), obtained in 30% yield by reducing 
the preceding anhydride with amalgamated aluminium as described previously (Joc. cit.) for an 
analogous case, crystallised from a little methyl alcohol in small prisms, m. p. 113—115° (Found : 
C, 68-2; H, 6-6. C,,H,,O, requires C, 68-4; H, 68%). The dibromo-derivative crystallised 
from methyl] alcohol in colourless slender prisms, m. p. 112—113° (Found: C, 48-4; H, 4-6. 
C,.H,,O,Br, requires C, 48-5; H, 4:5%), and the dinitro-derivative separated from methyl 
alcohol—chloroform in pale yellow, slender prisms, m. p. 191—192° (Found: C, 55-2; H, 4-8. 
Cy2H.,4O1,N, requires C, 55-5; H, 51%). 

dl-«8-Di-(3 : 4-dimethoxybenzyl)succinic acid (I), obtained in quantitative yield by hydrolysis 
of the above anhydride (II), separated from aqueous methyl alcohol in stout solvated prisms, 
melting indefinitely between 95° and 105° (Found : loss in a vacuum at 95°, 14-3. C,,.H,,Og, 
4H,O requires loss, 14-6%. Found for anhydrous acid: C, 62-8; H, 5-9. C,,H,,O, requires 
63-1; H, 6-2%). 

Resolution. A solution of the dl-acid (6-0 g.) and strychnine (7-5 g.) in a mixture of methyl 
alcohol (70 c.c.) and chloroform (30 c.c.) was boiled for 5 minutes. The chloroform was then 
removed by distillation and the hot residue was treated with about half its volume of hot water. 
The strychnine salt of the /-acid separated, and after two crystallisations from 50% methyl 
alcohol was obtained as large prismatic plates (6-65 g.), which shrank at 120° and decomposed at 
about 240° (Found : C, 67-3; H, 6-3; loss in a vacuum at 115°, 5-0, 2C,,H,.O,N,,C,.H,,0,,3H,O 
requires C, 67-4; H, 6-6; loss, 4:7%. Found for anhydrous salt: C, 70:7; H, 6-3. 
2C,,Hy20,N,2,C..H,,0, requires C, 70-8; H, 64%). In chloroform solution (c, 0-991), the salt 
had [a]}* — 27-3°. Concentration of the mother-liquors yielded a further small crop of the 
strychnine salt of the /-acid, and eventually the strychnine of salt the d-acid was obtained as 
a gum. 

d- and 1-aB-(3 : 4-Dimethoxybenzyl)succinnic Acids (I).—The crystalline strychnine salt of 
the l-acid and the gummy salt of the d-acid were separately dissolved in chloroform and shaken 
with dilute aqueous ammonia, and the acids recovered from the alkaline layer were collected 
and crystallised twice from small amounts of methyl alcohol. The l-acid, obtained as colourless 
solvated prisms melting indefinitely between 95° and 105° (Found: C, 55-6; H, 6-5; loss ina 
vacuum at 95°, 11:3. C,,H,,O,,3H,O requires C, 55-9; H, 6-7; loss, 11-4%), had [«]}** —25-3° 
in chloroform (c, 1-013). The d-acid separated as colourless prisms containing 3 molecules 
of water of crystallisation (Found: C, 55-8; H, 6-9; loss in a vacuum at 95°, 11-1. 
C,.H,,0,,3H,O requires C, 55-9; H, 6-7; loss, 11-4%). In chloroform solution (c, 1-014) it 
had [a] + 25-8°. Crystallisation of equimolecular proportions of the d- and the /-acid 
from aqueous methyl alcohol yielded the dl-acid. 

d(—)- and 1(+-)-«8-Di-(3 : 4-dimethoxybenzyl)succinic anhydrides, prepared in the usual way, 
crystallised from benzene in colourless rectangular prisms, m. p. 131° [Found for the d(—)-form : 
C, 66-0; H, 5-8. Found for the /(+)-form: C, 66-2; H, 5-9. C,,H,,O, requires C, 66-0; 
H, 60%]. In acetone solution, the d(—)-form (c, 1-000) had [a]}°*° —37-6°, and the /(+-)-form 
(c, 0-986) had [«]} +38-4. Crystallisation of equimolecular proportions of the d(—)- and the 
I(+-)-form from benzene gave the racemate, m. p. 110—112°. 

l(trans)-a8-Di-(3 : 4-dimethoxybenzyl)butyrolactone(l-matairesinol dimethyl ether) (III), ob- 
tained in 30% yield from the /(+)-anhydride, separated from methyl alcohol in stout colourless 
prisms, m. p. 127° (Found : C, 68-2; H, 6-9. C,,H,,O, requires C, 68-4; H, 6-8%), which gave 
no depression in m. p. with /-matairesinol dimethyl ether. In chloroform solution (c, 0-998) it 
had [«]}” —32-3°. The dibromo-derivative separated from ethy] alcohol in long colourless prisms, 
m. p. 123° (Found: C, 48-3; H, 4:6. C,,H,,O,Br, requires C, 48-5; H, 4-5%), which gave no 
depression in m. p. with dibromo-/-matairesinol dimethyl ether.. In chloroform solution (c, 
0-828) it had [«]} —39-8°. The dinitro-derivative crystallised from methyl alcohol-chloroform 
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in pale yellow needles, m. p. 172—173° (Found : C, 55-4; H, 5-1. Cy 3H.4O9N, requires C, 55-5; 
H, 5:1%), which in chloroform solution (c, 0-862) had [«]}*” — 124° and which gave no depression 
in m. p. with dinitro-J-matairesinol dimethyl] ether. 

d(trans)-«8-Di-(3 : 4-dimethoxybenzyl)butyrolactone, obtained in 33% yield from the d(—)- 
anhydride, separated from methy] alcohol in stout colourless prisms, m. p. 126° (Found : C, 68-3; 
H, 6-7. Cy,H,,O, requires C, 68-4; H, 68%), which in chloroform solution (c, 0-996) had 
[a}}®° + 32-2°. Crystallisation with an equal amount of the /-form yielded the racemate, 
m. p. 113°. The dibromo-derivative crystallised from ethy] alcohol in colourless prisms, m. p. 123° 
(Found : C, 48-4; H, 4:5. C,,H,,O,Br, requires C, 48-5; H, 45%), had [a] + 40-2° in 
chloroform solution (c, 0-640) and yielded the dl-dibromo-derivative when crystallised with an 
equal weight of the corresponding /-form. The dimnitro-derivative crystallised from methyl 
alcohol—chloroform in pale yellow needles, m. p. 173—174° (Found: C, 55-4; H, 5-0. 
CygH_4Oi9N, requires C, 55°5; H, 51%). It had [«]}*° —126° in chloroform solution (c, 0-849) 
and yielded the racemate, m. p. 191—192°, when crystallised with an equal weight of the /-form. 

Rates of Hydrolysis of the Lactones.—The method described previously (J., 1938, 804) was 
employed with n/200-methyl-alcoholic solutions of the lactones : 


% Hydrolysis at 16°. 
Time, hours 24 31 
l-Matairesinol dimethyl ether 87 95 
dl-aB-Di-(3 : 4-dimethoxybenzyl) butyrolactone 85 94 
l-aB-Di-(3 : 4-dimethoxybenzy]) butyrolactone 89 96 
d-aB-Di-(3 : 4-dimethoxybenzyl) butyrolactone 84 94 


Rates of Lactonisation of the Hydvoxy-acids—Method (a) described previously (/oc. cit.) 
was employed with 0-9n/100-methyl-alcoholic solutions of the lactones. 


% Lactonisation at 60°. 
Time, hours ° 13-5 24 
l-Matairesinol dimethyl ether 55 60 
dl-aB-Di-(3 : 4-dimethoxybenzyl) butyrolactone 54 60 
l-aB-Di-(3 : 4-dimethoxybenzy]) butyrolactone 54 59 
d-a8-Di-(3 : 4-dimethoxybenzy]l) butyrolactone 56 61 


Our thanks are due to the Council of King’s College for a grant from the Post Graduate 
Studentship Fund. 


UNIVERSITY OF DuRHAM, KING’s COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, December 12th, 1938.} 





37. Amides of B-p-Arsonophenylpropionic Acid. 
By E. WALTON. 


A number of arsenical compounds of type (II) have been prepared from B-p-amino- 
phenylpropionic acid. ‘These amides show some trypanocidal activity, but they are all 
more toxic than their homologues of type (I). 


THE object of this investigation was the preparation of organic arsenicals showing progres- 
sive structural changes, and thereby likely to be of value in the correlation of trypanocidal 
activity with chemical constitution. 

The amides of f-arsonophenylacetic acid (I) have already been described (J., 1938, 471). 
The present paper deals with the corresponding $-p-arsonophenylpropionic acid series (II), 
which bear some resemblance to tryparsamide (III) in structure. They were prepared by 


AsO,H, AsO,H, AsO,H, 


H,°CO:NRR’ H,°CH,°CO-NRR’ NH-CH,°CO-:NH, 
(I.) (II.) (III.) 
converting $-p-aminophenylpropionic acid into §-p-arsonophenylpropionic acid, the methyl 
ester of which yielded a series of amides with amines under various conditions. 
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The sodium salts of these amides have been tested for trypanocidal activity, on behalf 
of the Chemotherapy Committee’ (Medical Research Council), by Professor Warrington 
Yorke, F.R.S., with the following results : 


Sodium salts. M.L.D. M.C.D. Sodium salts. M.L.D. M.C.D. 
Carboxylic acid Some action Ethylamide 8 Some action 
Methyl ester No action n-Propylamide 1 Some action 
Amide 4 Piperidide 1 No action 
Methylamide + Anilide 0-5 No action 
Dimethylamide Slight action 


M.L.D. = minimum lethal dose. M.C.D. = minimum curative dose (both in mg. per 20 g. of mouse). 


Although their chemotherapeutic ratios (M.L.D./M.C.D.) are of the same order, com- 
pounds of type (II) are, in general, much more toxic than those of type (I). 


EXPERIMENTAL. 


B-p-Arsonophenylpropionic Acid.—®-p-Aminophenylpropionic acid (13 g.) in 4n-hydro- 
chloric acid (90 c.c.) was diazotised at 0° (sodium nitrite, 5-75 g., in a little water) and poured 
into a solution of arsenious oxide (8-25 g.) and anhydrous sodium carbonate (58 g.) in water 
(400 c.c.) containing a little electrolytic cuprous oxide. The mixture was stirred vigorously 
until frothing subsided, warmed at 60° for 10 minutes, and acidified with hydrochloric acid. 
The filtered liquid was evaporated to dryness, the residue ground and extracted with absolute 
alcohol, the solution evaporated to dryness, and the residue dissolved in hot water. The in- 
soluble oil was discarded; when the filtrate cooled, a solid separated, consisting largely of B-p- 
hydroxyphenylpropionic acid, m. p. 132°. The mother-liquor, on evaporation, yielded a second 
crop, consisting mainly of B-p-arsonophenylpropionic acid. These acids were purified by re- 
peated washing with boiling xylene, in which the p-hydroxy-compound alone was soluble 
(yields, 4—5 g. each of p-hydroxy- and p-arsono-phenylpropionic acids). §-p-Arsonophenyl- 
propionic acid crystallised from water in clusters of rectangular prisms (Found: As, 26-9. 
C,H,,0,;As requires As, 27-4%). Its sodium salt, py 7-0, prepared in alcohol, was granular 
(Found: As, 23-1. C,H,O,;AsNa, requires As, 23-6%). 

Methyl 8-p-Arsonophenylpropionate.—A solution of 8-p-arsonophenylpropionic acid (28 g.) 
in methyl alcohol (150 c.c.) was saturated with dry hydrogen chloride at 0°. After 12 hours the 
alcohol was removed, and water (150 c.c.) added to the residue. The methyl ester, which 
separated rapidly, crystallised from water in flat needles (15 g.) (Found: As, 25-8. C,)H,,;0,As 
requires As, 260%). Its sodium salt, a white, indefinitely crystalline solid, pg 7-5, was 
prepared in alcohol (Found: As, 24:0. Cj, 9H,,0,;AsNa requires As, 24-2%). 

6-Phenylpropionamide-p-arsonic Acid.—Recrystallised methyl -arsonophenylpropionate 
(4-0 g.) and excess of concentrated aqueous ammonia were heated at 100° for 4 hours in a sealed 
tube. The ammonia was removed from the resulting yellow solution, and the residue acidified. 
The amide (2-8 g.) crystallised from water in hexagonal leaflets, soluble in hot alcohol (Found : 
N, 5-0. C,H,,0,NAs requires N, 51%). The sodium salt, py 7:0, separated from dilute 
alcohol in granular form (Found: N, 4°55. C,H,,O,NAsNa,H,O requires N, 4:5%). 

8-Phenylpropionomethylamide-p-arsonic acid, prepared as above, excess of 33% aqueous 
methylamine being used, crystallised from water in octagonal leaflets, soluble in alcohol (Found : 
N, 4°85. C,9H,,O,NAs requires N, 49%). Its sodium salt, pg 8-0, crystallised from dilute 
alcohol (Found: N, 4:3. C,9H,,0,NAsNa, requires N, 4:2%). 

8-Phenylpropionodimethylamide-p-arsonic Acid.—Only traces of this substance could be 
obtained by means of 33% aqueous dimethylamine. The methyl ester (5 g.) and excess of 
50% alcoholic dimethylamine were heated at 100° for 4—5 hours in a sealed tube. The residue 
after removal of alcohol was acidified, and the resulting solid dried and purified by slow precipi- 
tation from alcoholic solution by addition of ether. The dimethylamide (3 g.) thus obtained 
crystallised from water in well-defined hexagonal tablets (Found: N, 4-6. C,,H,,0,NAs 
requires N, 465%). The sodium salt, pg 7-5, being very soluble in dilute alcohol, was 
prepared by evaporation of its aqueous solution. It formed pearly leaflets (Found: N, 4-0. 
C,,H,,0,NAsNa,H,O requires N, 4-1%). 

8-Phenylpropionoethylamide-p-arsonic Acid.—This compound was likewise only obtainable 
from alcoholic solution. 4G. of the methyl ester and 15 c.c. of 60% alcoholic ethylamine were 
heated at 100° in a sealed tube for 3 days. At no stage was solutioncomplete. The ethylamins 
salt of the ethylamide, which ultimately separated in fairly pure form, was readily isolated by 
addition of more alcohol and ether to the reaction product. It crystallised from alcohol-ether in 
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minute rectangular prisms, py 5-5, extremely soluble in water (Found: N, 7-85. C,,;H,,;0,N,As 
requires N, 81%). The free ethylamide, on the other hand, was obtained by evaporation 
of the reaction mixture and acidification of the residue. The resulting solid was purified by 
careful precipitation from alcoholic solution by addition of ether (yield, 3 g.). It now crys- 
tallised from water in clusters of octagonal leaflets (Found: N, 4-4. C,,H,,O,NAs requires 
N, 465%). The sodium salt, py 8-0, separated from dilute alcohol in minute rhombic leaflets 
(Found: N, 38. C,,H,,0,NAsNa,2H,O requires N, 3-9%). 

8-Phenylpropiono-n-propylamide-p-arsonic acid was prepared from the methyl ester (4 g.) 
and 50% alcoholic -propylamine, as described above for the ethylamide. It crystallised from 
water in needles (1-3 g.) (Found: N, 4:35. C,,H,,0O,NAs requires N, 4.45%). Its sodium salt 
separated from alcohol in pearly leaflets, p, 7:0 (Found: N, 3-9. C,,H,,O,NAsNa,H,O 
requires N, 3-95%). 

8-Phenylpropionopiperidide-p-arsonic Acid.—The methyl ester (4 g.) and pure piperidine 
(10 c.c.) were refluxed together for 4 hours. The excess of piperidine was removed, and the 
residue acidified. The solid obtained (3-3 g.) was purified through alcohol-ether as described 
above. The piperidide crystallised from water in granules (Found: N, 4:1. C,H, O,NAs 
requires N, 4:1%). Its sodium salt separated from dilute alcohol, on the addition of a little 
ether, in leaflets, p, 7-0 (Found: N, 38. C,,H,,O,NAsNa requires N, 3°86%). 

8-Phenylpropionanilide-p-arsonic Acid.—4 G. of B-p-arsonophenylpropionic acid and 10 c.c. 
of aniline were refluxed together for 3—4 minutes. The product was stirred with hot water and 
acidified. The anilide thus obtained, after purification through mild alkali (yield, 2 g.), separ- 
ated from alcoholic solution on addition of water in minute hexagonal needles, very sparingly 
soluble in water (Found: As, 21-4. C,;H,,O,NAs requires As, 215%). The sodium salt 
separated from dilute alcohol, after boiling and leaving for 12 hours, as a white, indefinitely 
crystalline solid, pg 8 (Found: As, 20-0. C,;H,,O,NAsNa requires As, 20-2%). 


The work described above was carried out as part of the programme of the Chemistry 
Research Board, and is published by permission of the Department of Scientific and Industrial 


Research. 
CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. ([Received, December 9th, 1938.] 





38. The Preparation of 2: 2'-Diaminodiphenylamines and 2: 2’- 
Diacetamidodiphenylamines and their Behaviour on Oxidation. 


By (Miss) MurieEt L. ToMLinson. 


2: 2’-Diaminodiphenylamine and its 4-methoxy-, 4: 4'-dimethyl-, 4: 4'-dimethoxy-, 
and 4-methoxy-4’-methyl-derivatives have been prepared. Each of these substances 
can be converted into its diacetyl derivative by the action of cold acetic anhydride 
and into the corresponding 1-phenyl-2-methylbenziminazole with acetic anhydride on 
heating. Oxidation of the base yields the corresponding phenazine. Mild oxidising 
agents do not affect 2 : 2’-diacetamidodiphenylamine or its 4 : 4’-dimethyl derivative, but 
2 : 2'-diacetamido-4 : 4'-dimethoxydiphenylamine and 2: 2'-diacetamido-4-methoxy-4'- 
methyldiphenylamine are converted into quinoneimines with the loss of a methyl group. 


EcKERT and STEINER (Monatsh., 1914, 35, 1154) reduced 2 : 2’-dinitrodiphenylamine with 
stannous chloride and obtained phenazine by oxidising the resulting solution with hydrogen 
peroxide, but neither 2 : 2’-diaminodiphenylamine nor its methyl or methoxy-derivatives 
appear to have been described. 

2 : 2’-Diaminodiphenylamine, 2 : 2’-diamino-4 : 4'-dimethyldiphenylamine, 2 : 2'-diamino- 
4 : 4'-dimethoxydiphenylamine, 2 : 2’-diamino-4-methoxydiphenylamine, and 2 : 2’-diamino- 
4-methoxy-4’-methyldiphenylamine have now been prepared by the reduction of the 
corresponding dinitro-compounds with zinc dust and acetic acid, and with the exception 
of the last they were all obtained as colourless crystalline substances which rapidly darkened 
on exposure. Treatment of these diaminodiphenylamines with cold acetic anhydride 
leads‘ to the formation of the corresponding diacetamido-compound, and the action of 
boiling acetic anhydride converts them into the 1-(2’-acetamidophenyl)-2-methylbenzimin- 


azole. 
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Oxidation of 2 : 2’-diaminodiphenylamines with mild oxidising agents such as ferric 
chloride or hydrogen peroxide leads to the production of phenazines and in this way 
phenazine itself was obtained from 2 : 2’-diaminodiphenylamine, 2 : 7-dimethylphenazine 
from the 4: 4’-dimethyl compound, 2-methoxyphenazine from the 4-methoxy-compound, 
2: 7-dimethoxyphenazine from the 4: 4’-dimethoxy-derivative, and 2-methoxy-7-methyl- 
phenazine from the 4-methoxy-4’-methyldiphenylamine. The methoxymethyl compound, 
in particular, is readily oxidised and an aqueous acetic acid solution of this substance deposits 
crystals of the phenazine when exposed to air. Addition of the oxidising agent to acid 
solutions of the diamines produces an intense coloration, which fades on standing and in the 
case of the 2: 2’-diamino-4 : 4’-dimethoxydiphenylamine the solution becomes deep 
purple and deposits crystals resembling copper-bronze. This substance is highly 
unstable and is rapidly converted into the phenazine. It is considered probable that in all 
cases the primary product of oxidation is a free radical, which would account for the 
colour produced, and that in this case the free radical] is stable enough to crystallise from the 
solution. It was not, however, possible to obtain it in a pure state. 

Oxidation of 2 : 2’-diacetamido-4 : 4’-dimethoxydiphenylamine with such reagents as 
ferric chloride, nitrous acid or hydrogen peroxide yields a black, crystalline substance with 
a green metallic lustre which appears to be 3-acetamido-N-(2'-acetamido-4'-methoxyphenyl)- 
quinoneimine (I, X = OMe). It forms an intense crimson solution in organic solvents. 


OP am.” 
ay O<_D=N—< Ox HOC >—-NH-K OX ay 
HAc NHAc NHAc NHAc 
Reduction of (I, X = OMe) yields (II, X = OMe), which can be reconverted into (I, 
X = OMe) by oxidation. 

The compound (II, X = OMe) on methylation with methyl sulphate in air-free 
potassium hydroxide solution gives 2: 2’-diacetamido-4 : 4’-dimethoxydiphenylamine. 
When (II, X = OMe) is treated with acetic anhydride, an iminazole is produced and this 
must be either (III; X= OMe, Y = OAc) or (III; X= OAc, Y=OMe). From a 


N 
CO Hi Cl 
N onC SL x HOY —NH— Xx 


NHAc NHAc NHAc NHAc NHAc 


(III.) (IV.) (V.) 


consideration of the inductive effects of the two groups involved, the latter appears to be 
more probable. Hydrolysis of the compound (III) gives the corresponding aminohydroxy- 
iminazole. Hydrochloric acid rapidly decolorises (I, X = OMe) and converts it into a 
chlorinated iminazole. It appears that the initial reaction is the addition of hydrogen 
chloride to the quinonoid nucleus to give (IV, X = OMe), which then rearranges to give 
(V, X = OMe). This is followed by iminazole formation and hydrolysis. 

Oxidation of 2 : 2’-diacetamido-4-methoxy-4'-methyldiphenylamine produces (I, X = Me), 
which is orange-brown and has a slight green lustre and can be reduced to (II, X = Me). 
A series of compounds analogous to those described above, viz., (III, X = OAc, Y = Me) 
or (III; X = Me, Y = OAc), an aminohydroxyiminazole by hydrolysis of this diacetyl 
compound, and a chloro-iminazole by the action of hydrochloric acid on (I, X = Me), 
have been obtained. Both (I, X = OMe) and (I, X = Me) give mononitro-compounds 
with nitric acid. 

2 : 2’-Diacetamidodiphenylamine and its 4: 4’-dimethyl derivative are not affected by 
mild oxidising agents and, although a deep brown colour is produced in the solution when 
2 : 2'-diacetamido-4-methoxydiphenylamine is treated with ferric chloride, no crystalline 
oxidation product has been isolated. 





160 Tomlinson: The Preparation of 2 : 2'-Diaminodiphenylamines 


EXPERIMENTAL. 


2 : 2’-Dinitrodiphenylamine (Eckert and Steiner, Joc. cit.) and its analogues were reduced to 
the corresponding 2 : 2’-diamino-compounds by the gradual addition of zinc dust to a suspension 
of the amine (2 g.) in glacial acetic acid (30 c.c.) with vigorous shaking. When the solution 
became almost colourless, the excess of zinc dust was removed, and the filtrate diluted with 
water (300 c.c.). The acetic acid was partially neutralised with ammonia, and crystalline 
sodium acetate added to precipitate the amine. 

2 : 2’-Diacetamidodiphenylamine and its analogues separated when cold solutions of the 
amines in dilute acetic acid were treated with a slight excess of acetic anhydride. 

2: 2’-Diaminodiphenylamine crystallised from light petroleum (b. p. 60—80°) in almost 
colourless prisms, m. p. 101°, which darkened on exposure (yield, about 60%) (Found : C, 72-6; 
H, 6-6. C,,H,,N; requires C, 72-4; H, 65%). 

2 : 2’-Diacetamidodiphenylamine crystallised from dilute acetic acid in colourless plates, 
m. p. 199° (Found: C, 67-6; H, 6-4. C,,H,,O,N, requires C, 67-9; H, 60%). 

1-(2’-A cetamidophenyl)-2-methylbenziminazole.—The above diacetyl compound (1 g.) was 
boiled under reflux with acetic anhydride (10 c.c.) for 30 minutes. The solution was diluted 
with water and rendered alkaline with ammonia. The precipitate crystallised from aqueous 
alcohol in colourless prisms, m. p. 220° (Found: C, 72-3; H, 5-5. C,gH,;ON; requires C, 72-5; 
H, 5-7%). 

2 : 2’-Dinitro-4 : 4'-dimethyldiphenylamine.—4-Iodo-3-nitrotoluene (5 g.), 3-nitro-p-toluidine 
(2-5 g.), potassium carbonate (1 g.), and copper powder (1 g.) were intimately mixed and heated 
together at 160° until the mass was solid (2 hours). The mixture was pulverised and extracted 
with hot acetic acid, from which 2 : 2’-dinitro-4 : 4’-dimethyldiphenylamine separated in orange 
plates, m. p. 195° (yield, about 50%) (Found: C, 58-8; H, 4-5; N, 14:6. Calc.: C, 58-6; H, 
4-5; N, 14-6%). 

2 : 2'-Diamino-4 : 4’-dimethyldiphenylamine was prepared from this dinitro-compound in 
about 70% yield. On addition of the sodium acetate a sticky precipitate separated and it was 
extracted with dilute hydrochloric acid. The required amine separated on further treatment 
with sodium acetate and crystallised from light petroleum (b. p. 80—100°) in colourless 
prisms, m. p. 104° (Found: C, 74:0; H, 7-5. C,,H,,N, requires C, 74:0; H, 7-5%). 

Treatment of the amine with acetic anhydride yielded 2 : 2’-diacetamido-4 : 4'-dimethyldi- 
phenylamine, which separated from benzene in colourless needles, m. p. 215° (Found: C, 69-1; 
H, 6-9; N, 13-6. C,,H,,O,N; requires C, 69-45; H, 6-8; N, 13-5%). 

1-(2’-A cetamido-4'-methylphenyl)-2 : 5-dimethylbenziminazole was obtained when this diacet- 
amido-compound (1 g.) was refluxed with acetic anhydride (10 c.c.) for 30 minutes. It crystal- 
lised from aqueous alcohol in colourless prisms, m. p. 217° (Found : C, 73-5; H, 63. C,sH,,ON,; 
requires C, 73-7; H, 6-5%). 

2 : 2’-Diamino-4 : 4'-dimethoxydiphenylamine was prepared from 2 : 2’-dinitro-4 : 4’-dimeth- 
oxydiphenylamine (Robinson and Tomlinson, J., 1934, 1529), the solution finally becoming 
colourless. The product crystallised from light petroleum (b. p. 80—100°) or from aqueous 
alcohol in colourless prisms, m. p. 100° (Found : C, 64-9; H, 6-5; N, 16-4. C,,H,,O,N, requires 
C, 64:9; H, 6-6; N, 162%). 

2 : 2’-Diacetamido-4 : 4'-dimethoxydiphenylamine was prepared by treating this amine with 
acetic anhydride. It crystallised from aqueous alcohol in colourless plates, m. p. 233° (Found : 
C, 63-2; H, 5-8; N, 12-2. C,,H,,0O,N, requires C, 63-0; H, 6-1; N, 12-2%). 

5-Methoxy-1-(2’-acetamido-4'-methoxyphenyl)-2-methylbenziminazole was obtained when the 
diacetamido-compound was refluxed with acetic anhydride. It separated from aqueous alcohol 
in colourless prisms, m. p. 236° (Found : C, 66-8; H, 6-3; N, 12:8. C,,H,,O,N, requires C, 66-5; 
H, 5-8; N, 12-9%). 

When this substance was boiled with hydrochloric acid for ten minutes and the resulting 
solution was diluted and rendered alkaline, 5-methoxy-1-(2'-amino-4'-methoxyphenyl)-2-methyl- 
benziminazole was obtained. It separated from aqueous alcohol in faintly yellow prisms, 
m. p. 148°. It was diazotisable (Found: C, 68-1; H, 6-4; N, 15-1. C,sH,,O,N, requires 
C, 67-9; H, 6-0; N, 148%). 

2 : 2'-Dinitro-4-methoxy-4'-methyldiphenylamine.—4-Iodo-3-nitrotoluene (5 g.), m-nitro-p- 
anisidine (2-5 g.), potassium carbonate (1 g.), and copper powder (1 g.) were mixed and heated 
together at 120° until the mass was solid. It was then pulverised and extracted with glacial 
acetic acid, from which the dinitro-compound crystallised in orange-red plates, m. p. 188° 
(yield, 50%) (Found: C, 55-5; H, 43; N, 13-4. C,,H,,0,;N, requires C, 55-4; H, 4:3; 
N, 13-9%). 
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2 : 2'-Diamino-4-methoxy-4’-methyldiphenylamine was not obtained in a pure state. The 
oily reduction product on treatment with cold acetic anhydride yielded 2 : 2’-diacetamido-4- 
methoxy-4'-methyldiphenylamine, which crystallised from dilute acetic acid in colourless prisms, 
m. p. 181—182° (Found: C, 65-9; H, 6-0; N, 13-1. C,,H,,O,N; requires C, 66-1; H, 6-4; 
N, 12-8%). 

1-[2’-A cetamido-4'-methoxy(or methyl)phenyl]-5-methyl(or methoxy)-2-methylbenziminazole was 
obtained in colourless prisms, m. p. 202° (from aqueous alcohol), by treatment of the above 
diacetamido-compound with boiling acetic anhydride (Found: C, 70-0; H, 6-4. C,sH,,0O,N; 
requires C, 70-0; H, 61%). 

2 : 2’-Dinitro-4-methoxydiphenylamine was prepared by heating m-nitro-p-anisidine (17 g.), 
o-chloronitrobenzene (16 g.), copper powder (6 g.), and potassium carbonate (6 g.) together as 
above. The product separated from alcohol in red plates, m. p. 139—141° (Found: C, 53:8; 
H, 3-6. C,,;H,,0,;N, requires C, 54-0; H, 3-8%). 

2 : 2’-Diamino-4-methoxydiphenylamine, which was prepared from the dinitro-compound, 
separated from light petroleum (b. p. 60—80°) in colourless prisms, m. p. 115°, which 
rapidly darkened on exposure (Found: C, 68-2; H, 6-7. C,3;H,;ON,; requires C, 68:1; 
H, 65%). 

2 : 2’-Diacetamido-4-methoxydiphenylamine separated from aqueous alcohol in colourless 
needles, m. p. 172° (Found: C, 65-1; H, 6-2. C,7H,,0,N, requires C, 65-2; H, 6-1%). 

Oxidation of 2: 2'-Diaminodiphenylamine.—When a solution of the amine in dilute hydro- 
chloric acid was treated with excess of a concentrated solution of ferric chloride, it became purple, 
then bluish-green after several hours, and a small quantity of dark crystalline matter separated 
(the nature of this is under investigation). Addition of sodium acetate to the solution gave a 
yellow precipitate of phenazine, m. p. 171° (Found: C, 72-6; H, 6-6. Calc.: C, 72-4; 
H, 65%). 

Oxidation of 2: 2’-diamino-4 : 4’-dimethyldiphenylamine in the same way gave a purple 
solution, which became brown after an hour or two, and a precipitate of 2 : 7-dimethylphenazine, 
m. p. 155°, was formed (Found : C, 80-7; H, 5-4. Calc.: C, 80-8; H, 5:8%). 

Similarly, oxidation of 2 : 2'-diamino-4-methoxy-4’-methyldiphenylamine yielded 2-methoxy- 
7-methylphenazine; this separated from aqueous alcohol in yellow needles which lost solvent 
of crystallisation on drying at 100°; m. p. 135° (Found: C, 74:7; H, 5:2; N, 12-6. C,,H,,ON, 
requires C, 75-0; H, 5-4; N, 12°5%). 

Oxidation of 2: 2’-diamino-4-methoxydiphenylamine gave 2-methoxyphenazine, which 
crystallised from water in yellow needles, m. p. 123°, which lost solvent on drying (Found : 
C, 74-4; H, 5-0. C,,H,,ON, requires C, 74:3; H, 4:8%). 

Oxidation of 2: 2’-diamino-4 : 4’-dimethoxydiphenylamine, dissolved in a minimum of 
dilute hydrochloric acid, with ferric chloride gave a deep purple solution, from which a precipitate 
resembling copper-bronze separated. On standing, this gave place to a brownish precipitate 
of 2: 7-dimethoxyphenazine, m. p. 163°, and the solution became green and finally yellow 
(Found: C, 69-8; H, 4:8; N, 11-7. Calc.: C, 70-0; H, 5-0; N, 11:7%). It was not possible 
to obtain the bronze plates in a state of purity owing to the rapidity with which they were 
converted into the phenazine. 

The yields of the phenazines were almost quantitative. 

3-A cetamido -N - (2’ - acetamido -4'-methoxyphenyl)quinoneimine.—2 : 2'-Diacetamido-4 : 4’-di- 
methoxydiphenylamine was finely pulverised, suspended in dilute hydrochloric acid, and treated 
with excess of ferric chloride or sodium nitrite solution; a purple colour then developed in the 
solution. When the mixture was shaken, the colourless precipitate was converted almost 
quantitatively into a black substance (the oxidation was effected more rapidly when the material 
was dissolved in glacial acetic acid, but the yield was diminished). The product crystallised 
from alcohol in black prisms with a green metallic lustre, m. p. 210° (decomp.) (Found : C, 62-6; 
H, 5-3; N, 12-8; M, in camphor, 340. C,,H,,;0O,N; requires C, 62-4; H, 5-2; N, 128%; 
M, 327). 

2 : 2’-Diacetamido-4-hydroxy-4'-methoxydiphenylamine.—The above compound (1 g.) was 
suspended in acetic acid (15 c.c. of 20%) and shaken with small quantities of zinc dust until the 
mixture was colourless. The filtered solution was diluted with water (3 vols.) and saturated 
with salt and the pale pink precipitate produced was crystallised from water. It existed in two 
different crystalline forms, viz., labile colourless needles, m. p. 186—193°, and almost colourless 
prisms, m. p. 186° (mixed m. p. 186—191°) (Found : C, 62-1; H, 6-2; N, 12-8; M, in camphor, 
336. C,,H,,O,N, requires C, 62-0; H, 5-8; N, 12-8%; M, 329). This compound was very 
sensitive to oxidising agents and was reconverted into the quinoneimine when solutions of it 

M 
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were exposed to air. It was insoluble in dilute acid and sodium carbonate solution, but it 
dissolved in aqueous sodium hydroxide; the alkaline solution became orange on exposure to air. 

2 : 2'-Diacetamido-4-hydroxy-4’-methoxydiphenylamine (1 g.) was dissolved in air-free 
potassium hydroxide solution (30 c.c. of 10%), and methyl sulphate (1-5 g.) added. The mixture 
was shaken in an atmosphere of coal gas until free from methyl sulphate and the precipitate was 
crystallised from aqueous alcohol and shown by mixed m. p. determination to be 2 : 2’-diacet- 
amido-4 : 4’-dimethoxydiphenylamine. 

5-Methoxy(or acetoxy)-1-[2'-acetamido-4'-acetoxy(or methoxy) phenyl]-2-methylbenziminazole.— 
When 2: 2’-diacetamido-4-hydroxy-4’-methoxydiphenylamine (1 g.) was refluxed with acetic 
anhydride (10 c.c.) for 30 minutes and the resulting solution was diluted with water and rendered 
alkaline, a colourless precipitate separated. The benziminazole crystallised from alcohol in 
needles, m. p. 244° (Found: C, 64-5; H, 5-2; N, 11-5. C,gH,,0O,N; requires C, 64-6; H, 5-4; 
N, 11-9%). It was soluble in dilute acid, insoluble in alkali, and gave no colour with ferric 
chloride. Hydrolysis was effected by boiling under reflux with either concentrated hydrochloric 
acid or dilute alcoholic potassium hydroxide. When the resulting solution was diluted, neutral- 
ised, and saturated with sodium chloride, 5-methoxy(or hydroxy)-1-[2'-amino-4'-hydroxy(or 
methoxy) phenyl)-2-methylbenziminazole separated. It crystallised from alcohol in colourless 
prisms, m. p. 278° (decomp.) (Found : C, 67-3; H, 6-0; N, 15:2. C,;H,;0O,N; requires C, 66-9; 
H, 5-6; N, 15-6%). This compound was soluble in dilute acid and in sodium hydroxide solution 
and was diazotisable. It was also obtained when 2: 2’-diacetamido-4-hydroxy-4'-methoxydi- 
phenylamine was refluxed with concentrated hydrochloric acid for } hour, and the solution 
diluted with water and rendered alkaline with sodium carbonate; the precipitate which separated 
crystallised from alcohol in colourless prisms, m. p. 278°, identical with the above. 

?-Chloro-5-methoxy(or hydroxy)-1-[2’-amino-4'-hydroxy(or methoxy) phenyl]-2-methylbenz- 
iminazole.—The above quinoneimine, C,,H,;,0,N3, was warmed with concentrated hydrochloric 
acid until the colour disappeared ; the solution was then boiled for 30 minutes and diluted, and 
sodium acetate added. A precipitate separated and on recrystallisation from alcohol (charcoal) 
the chloro-iminazole was obtained in colourless prisms, m. p. 270°. It was diazotisable and was 
soluble both in dilute acid and in alkali (Found: C, 59-2; H, 4:3; N, 140; Cl, 11-6. 
C,;H,,4O,N,Cl requires C, 59-4; H, 4-6; N, 13-9; Cl, 11-7%). 

When the quinoneimine (1 g.) was dissolved in cold nitric acid (10 c.c., d 1-43) and the solution 
was diluted with water, an orange-red crystalline precipitate of a nitvo-compound was formed. 
It crystallised from glacial acetic acid in orange-brown prisms which lost solvent on drying 
(m. p. 215°, decomp.) (Found: C, 54:7; H, 40; N, 15:2. C,,H,,O,N, requires C, 54:8; 
H, 4:3; N, 15-1%). 

Both 2 : 2’-diacetamido-4 : 4’-dimethoxydiphenylamine and 2 : 2’-diacetamido-4-hydroxy-4’- 
methoxydiphenylamine were converted into this nitro-compound when submitted to a similar 
procedure. 

3-A cetamido-N-(2'-acetamido-4'-methylphenyl)quinoneimine.—2 : 2'-Diacetamido-4-methoxy- 
4’-methyldiphenylamine (2 g.) was dissolved in glacial acetic acid (20 c.c.), and excess of ferric 
chloride solution added. A deep red-brown colour developed and after 10 minutes the solution 
was diluted with water. The precipitate was recrystallised from alcohol, the quinoneimine 
separating in brown-orange prisms with a slight metallic lustre, m. p. 200° (decomp.) (Found : 
C, 65-8; H, 5-3; N, 13-6. C,,H,,0,N, requires C, 65-6; H, 5-5; N, 13-5%). 

2 : 2'-Diacetamido-4-hydroxy-4'-methyldiphenylamine, obtained by reduction of the above 
compound by the method described for its methoxy-analogue, crystallised from alcohol in 
colourless plates, m. p. 222° (Found: C, 65-3; H, 5-8; N, 13-8. C,,H,,O,N, requires C, 65-2; 
H, 6-1; N, 13-4%). 

Treatment of this reduction product (as above) with acetic anhydride yielded 1-[2’-acetamido- 
4’-acetoxy(or methyl)phenyl)-5-methyl(or acetoxy)-2-methylbenziminazole, which was soluble in 
dilute acid and crystallised from benzene in colourless prisms, m. p. 243° (Found: C, 66-9; 
H, 5:7; N, 12-7. Cy 9H ,,0,N, requires C, 67-3; H, 5-6; N, 12-5%). 

When this benziminazole was hydrolysed as described for the methoxy-analogue, it was 
converted into 1-[2’-amino-4'-hydroxy(or methyl)phenyl]-5-methyl(or hydroxy)-2-methylbenzimin- 
azole, which crystallised from alcohol in colourless prisms, m. p. 248°. It was soluble in acid and 
in dilute sodium hydroxide solution and was diazotisable (Found : C, 70-7; H, 5-3. C,;H,,ON; 
requires C, 71-1; H, 5-9%). 

?-Chloro-1-[2’-amino-4'-hydroxy(or methyl)phenyl]-5-methyl(or hydroxy)-2-methylbenzimin- 
azole.—The quinoneimine, C,,H,;0,N; (1 g.), was treated with concentrated hydrochloric acid 
as described above and this chloro-compound was obtained in colourless prisms, m. p. 280°, 
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from alcohol. It was soluble in dilute acid and in alkali and was diazotisable (Found : C, 62-5; 
H, 5:1; N, 14:8. C,;H,,ON,Cl requires C, 62-7; H, 4-9; N, 146%). 

Treatment of the quinoneimine, C,,H,,0,N;, with nitric acid as above gave a mononitro- 
compound, which crystallised from alcohol in orange prisms, m. p. 203° (decomp.) (Found : 
C, 57-7; H, 4:8. Cj ,H,,0;N, requires C, 57-3; H, 45%). 


The author expresses her thanks to Mr. G. Purdy, who carried out most of the analyses. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, December 17th, 1938.] 





39. The Formation of Organo-metalloidal and Similar Compounds 
by Micro-organisms. Part VII. Dimethyl Telluride. 


By MarjoriE L. Birp and FREDERICK CHALLENGER. 


When three different strains of Scopulariopsis brevicaulis (Penicillium brevicaule), 
one of P. Chrysogenum, and one of a mould closely related to P. notatum are grown upon 
bread crumbs containing potassium tellurite, dimethyl] telluride is evolved. This has 
been characterised as the mercurichloride, the dibromide and di-iodide and as benzyl- 
dimethyltelluronium picrate. Similar results are obtained on glucose—Czapek—Dox 
medium. From these results and by analogy with other methylations effected by the 
animal body the garlic odour exhaled by persons after ingestion of tellurite is almost 
certainly due to dimethyl telluride. P. chrysogenum and P. notatum evolve 
dimethyl selenide in bread cultures containing sodium selenate or selenite. 


IN previous communications (Challenger and North, J., 1934, 68; Challenger, Chem. and 
Ind., 1935, 54, 657) an account was given of the observations of earlier workers on the pro- 
duction of a garlic odour resembling that of an alkyl telluride when potassium tellurite is 
administered orally to men or animals or added to cultures of Scopulariopsis brevicaulis 
(Penicillium brevicaule). Blyth (“ Poisons: Their effects and detection,’’ 1884, 588) 
refers to the case of a student who swallowed “‘ a dose of tellurium ”’ and had to be segregated. 
He also mentions the phenomenon of “‘ bismuth breath,”’ formerly well known to pharma- 
cists and attributed to the presence of traces of tellurium in medicinal preparations of bis- 
muth. Further details are given by Brownen (Pharm. J., 1876, 6, 561), Letts (ibid., 1878, 
9, 405, 417) and by Reissert (Amer. J. Pharm., 1884, 56, 177). During a recent investig- 
ation of inorganic derivatives of tellurium in Leeds the odour could easily be detected in 
the vicinity of those engaged in the work, although they had never come into contact with 
organic derivatives of tellurium. 

On the basis of work which is discussed in our earlier papers (see above) Maassen (Arb. 
Kaiserl. Ges. Amt., 1902, 18, 475) concluded that the animal body elaborated dimethyl 
selenide and dimethyl telluride, and Scopulariopsis brevicaulis the corresponding diethyl 
derivatives. (Maassen’s conclusion is incorrectly quoted in Abstracts, 1902, ii, 629, and in 
Mellor’s ‘‘ Treatise on Inorganic and Theoretical Chemistry,” Vol. XI, p. 30—the contrary 
view being attributed to him.) In the case of the mould this was disproved by one of us 
and North (loc. cit.), the product from cultures on bread or glucose-Czapek—-Dox medium 
being shown to be dimethyl selenide. Difficulty was, however, experienced with similar 
cultures containing potassium tellurite. Aspiration of the volatile products through 
Biginelli’s solution (mercuric chloride in dilute hydrochloric acid) gave traces of precipitate 
which decomposed without melting. Other absorbents gave equally unsatisfactory results. 

Several factors appeared to contribute to this lack of success. Soluble tellurites are 
readily reduced to black amorphous tellurium by cultures of the mould. Maassen (loc. 
cit.) states that this is unavailable for conversion into the volatile product, a conclusion 
confirmed by Blackburn in Leeds. Furthermore the alkyl tellurides readily undergo 
atmospheric oxidation, giving complex products (Vernon, J., 1920, 117, 894; Balfe, Chaplin, 
and Phillips, J., 1938, 341). 

Success has now been achieved by growing Scopulariopsis brevicaulis upon bread crumbs 
in test-tubes and absorbing the volatile product in about 5 c.c. of Biginelli’s solution or 
other reagent. In this way contact of the mould gases with large volumes of air was some- 
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what diminished and dimethyl] telluride mercurichloride (Carr and Pearson, J., 1938, 282) 
was obtained. As this can be recrystallised from hot Biginelli’s solution, some may have 
been lost in earlier experiments where 50 c.c. of solution were used. 

With sodium hydroxide the mercurichloride gave mercury and soluble dimethyl 
telluride dihydroxide or oxide or a compound of this with some other methyl derivative of 
tellurium (compare Balfe, Chaplin, and Phillips, loc. cit.). The alkaline solution with 
hydrobromic acid gave dimethyl telluride dibromide (Vernon, J., 1920, 117, 86), thus con- 
firming the identification of the mould gas. Furthermore, by absorption in alcoholic iodine, 
dimethyl] telluride di-iodide was obtained. The recorded m. p.’s of the dibromide (24°) 
and di-iodide (57°) of diethyl telluride (Lowry and Gilbert, J., 1928, 3181) differ widely 
from those of the corresponding dimethyl derivatives. 

The mould gas is therefore dimethyl telluride and Maassen’s statement (loc. cit.) that it 
consists of the diethyl compound is incorrect. This conclusion was also confirmed by the 
use of cultures on 2% glucose-Czapek—Dox medium. The behaviour of tellurium com- 
pounds in cultures of S. brevicaulis thus falls into line with that of inorganic derivatives of 
arsenic (J., 1933, 95) and selenium (see above) and of aliphatic disulphides R,S, (J., 1937, 
868; 1938, 1872) which give (CH,),As, (CH,),Se, and RSH and RS-CH, respectively. In 
this connection it is of interest that arsenic resembles selenium and tellurium in its toxi- 
cological properties much more than it resembles antimony (Czapek and Weil, Arch. 
exp. Path. Pharm., 1893, 32, 438). 

Vernon (loc. cit.) states that dimethyl telluride gradually deposits colourless crystals. 
By atmospheric oxidation we obtained a white solid (X) decomposing at about 240° 
without melting. This resembles the product obtained by addition of the telluride to water 
and evaporation of the resulting solution which contains dimethyl telluride dihydroxide 
(Vernon, Joc. cit.). We find that the white solid gives the corresponding dichloride and 
dibromide with the appropriate acid. Addition of the telluride to water, followed by 
aspiration through Biginelli’s solution, showed only a 15% recovery as the mercurichloride. 
Considerable loss by oxidation of the telluride produced in the cultures must, therefore, 
occur. Addition of dimethyl telluride to bread or liquid cultures of.S. brevicaulis or of its 
oxidation product (X) to liquid cultures caused no deposition of tellurium. 

In order to discover whether the deposition of tellurium in tellurite cultures of S. 
brevicaulis was due to a reducing action of the bread or of some product elaborated by the 
mould, bread crumbs moistened with a tellurite solution were left in a corked test-tube. 
Practically no deposition of tellurium occurred but after some days a green mould appeared 
and a strong odour of dimethyl teliuride was noticed.- A culture of this organism was sent 
to Dr. Thom of the U.S. Department of Agriculture, Washington, through the courtesy of 
Dr. St. John-Brooks of the Lister Institute: extracts from his report are as follows: 
‘“‘ Routine examination of freshly-made transfers indicated Penicillium notatum, Westling.”’ 
Dr. Thom and Dr. Raper made up tellurium culture media and checked the organism 
against ‘‘ Westling’s type culture, a type culture of Penicillium chrysogenum and the 
Fleming Penicillium.’’ The culture of the green mould on both tellurite and tellurate 
“‘ produced violent odours. The other three species produced the same odour but in less 
intense form. . . . To summarise, then, I place your organism near P. notatum, not neces- 
sarily identical with Westling’s strain of P. notatum, since biochemical differences between 
strains are the rule rather than the exception.” 

Bread cultures of our ‘‘ green mould ”’ containing tellurite were then examined, and the 
evolved dimethyl] telluride identified as before and as benzyldimethyltelluronium picrate. 
There was only very slight formation of tellurium, which would appear to be the special 
advantage of this particular organism. Dimethyl telluride was also produced in cultures on 
2% glucose—Czapek—Dox medium. : 

In view of Dr. Thom’s results pure cultures of P. chrysogenum Thom (Washington 26) 
and P. notatum were obtained from the Lister Institute. In tellurite—bread cultures the 
former gave dimethyl telluride, identified as the mercurichloride and the dibromide, but 
only a very faint odour could be observed when P. notatum was used. Both organisms 
readily gave dimethyl selenide in bread cultures containing sodium selenite or selenate. 
This was also produced in bread-selenate cultures by the ‘‘ green mould ”’ isolated by us. 
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None of these green Penicillia gave any odour of trimethylarsine in bread cultures containing 
arsenious oxide. 

Bearing in mind the methylating powers of the animal body (see J., 1934, 69; Biochem. 
J., 1935, 29, 1757) there can be no doubt that men and animals also evolve dimethy] telluride 
after administration of tellurium. This has already been stated both by Hofmeister (Arch. 
exp. Path. Pharm., 1894, 33, 198) and by Maassen (oc. cit.), but their conclusions, which have 
been widely quoted, were based on considerations of odour and there exists no proof of the 
nature of the alkyl telluride evolved by experimental animals. 

Dudley (Amer. J. Hyg., 1936, 23, 179, 183) refers to the garlic odour of the breath of 
persons suffering from selenium poisoning and to the presence of a volatile, ether-soluble 
selenium compound in the urine of a horse after ingestion of sodium selenite. As 
concluded by one of us and North from analogous experiments with S. brevicaulis (J., 1934, 
69), the exhaled product is almost certainly dimethyl selenide. 

It would therefore appear that arsenic also should be methylated in the animal body and 
exhaled as trimethylarsine. That no odour comparable in intensity with that produced by 
tellurite follows administration of medicinal doses of inorganic compounds of arsenic is 
- well known (see also Reissert, loc. cit.), but occasional references to the presence of a garlic 
odour in the perspiration following upon arsenical poisoning occur (Blyth, op. cit., 1895, 
544, 545). 

Pleschtizer and Preobrajensky (Arch. Gewerbe Path. und Gewerb Hyg., 1935, 6, 80) 
passed the breath from patients in receipt of inorganic arsenic through bromine water. 
Treatment with ammonia and evaporation gave a slight residue in which the presence of 
arsenic was detected by addition to cultures of S. brevicaulis, the garlic odour of ‘‘ Gosio- 
gas’ being obtained. The presence of some volatile compound of arsenic in the breath was 
thus rendered extremely probable, but the quantity was too small for identification. These 
authors, at that time unaware of the identification of Gosio-gas as trimethylarsine 
(Challenger, Higginbottom, and Ellis, J., 1933, 95), merely quote Biginelli’s statement 
(Gazzetta, 1901, 31, 58) that it consists of diethylarsine. 

Keeser [Heffter’s ‘‘ Handbuch der exp. Pharmakologie (Erganzungsband),” 1937, 3—4, 
176], however, while citing this later work, states without further comment that according 
to the Russian workers the gas from cultures of S. brevicaulis on arsenical media is 
diethylarsine and not trimethylarsine. 

Carlson (Z. physiol. Chem., 1906, 49, 431), Montgomery (J. Amer. Med. Assoc., 1916, 
66, 491), and Puntoni (Amnali d’Igiene, 1917, 27, 293) refer to the production of a garlic 
odour in the breath after ingestion or injection of cacodylic acid or its sodium salt. Bloe- 
mendal (Arch. Pharm., 1908, 246, 599) passed the exhaled air of a rabbit, which had re- 
ceived 20 mg. of sodium cacodylate, through alkaline potassium permanganate solution, 
which then contained arsenic. The odorous product was not identified. Montgomery 
suggested that it is cacodyl. From the behaviour of sodium cacodylate in cultures of 
S. brevicaulis (Challenger et al., J., 1933, 99) the formation of trimethylarsine would be 
expected by reduction and further methylation. However, methylation does not occur 
readily in animals receiving arsenious oxide (see above), and trimethylarsine, if formed 
from cacodylic acid in the animal body, might conceivably arise by dismutation of cacodyl 
oxide: 2(CH,),AsO = (CHg),As + CH,*AsO, (compare the action of diethylchloroarsine 
with alkali; Grischkewitsch-Trochimovski, Rocz. Chem., 1928, 8, 423; see also Baeyer, 
Annalen, 1858, 107, 285). Such dismutations are well established in the case of the alkyl 
derivatives of tellurium (Drew, J., 1929, 566). 

Puntoni attributed the garlic odour after oral administration of cacodylate to the 
effect of intestinal organisms, some of which he cultivated on cacodylate media, obtaining 
asimilar odour. Using strains of the same and two other bacteria, Challenger and Higgin- 
bottom (Biochem. J., 1935, 29, 1762) were unable to detect any odour in media containing 
arsenious oxide, sodium arsenate, sodium methylarsonate or sodium cacodylate. 


EXPERIMENTAL. 


Preparation of Reference Compounds.—Dimethy] telluride was prepared by a modification of 
the method of Balfe, Chaplin, and Phillips (loc. cit.) for the di-n-butyl compound. Methyl 
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iodide (25 c.c.) was slowly added to a warm mixture of sodium formaldehydesulphoxylate 
(‘‘ rongalite,”’ 54 g.), sodium hydroxide (42 g.), and precipitated tellurium (24 g.) in water 
(180 c.c.). White crystalline trimethyltelluronium iodide was deposited in the neck of the 
flask and in the condenser (Found : I, 42-5. Calc.: I, 42-5%). The mixture was finally heated 
for some minutes at 100°; the deep purple colour then disappeared. Distillation yielded an 
orange-coloured oil, which, on being dried over sodium sulphate and redistilled, gave dimethyl 
telluride as a pale yellow oil, b. p. 93-5°/749 mm. Very little oxidation (see p. 163) occurred 
during distillation, although air was not excluded. Extraction with ether was impracticable 
owing to the difficulty of separating the resulting mixture by distillation. 

Dimethyl telluride mercurichloride, (CH,),Te,HgCl,, separated as a white solid, m. p. 174° 
(decomp.), when the telluride was mixed with excess of Biginelli’s solution (mercuric chloride, 
10 g.; concentrated hydrochloric acid, 20 c.c.; water, 80 c.c.). One recrystallisation from 
boiling Biginelli’s solution gave small plates, m. p. 179° (decomp.), the value given by Carr and 
Pearson (J., 1938, 282) for a specimen prepared in acetone. Addition of dilute sodium 
hydroxide solution gave yellow mercuric oxide and an odour of dimethyl telluride, but 
immediate oxidation of the liberated telluride occurred and black mercury was deposited. 
The filtered alkaline solution on addition of hydrobromic acid gave dimethy] telluride dibromide, 
m. p. 92—94° after drying in a vacuum (Found: Br, 50-5. Calc.: Br, 50-5%). 

This recalls the behaviour of trimethylarsine mono- and di-mercurichlorides (Challenger, 
Higginbottom, and Ellis, J., 1933, 99) with sodium hydroxide. Dimethyl selenide and sulphide 
when liberated from their mercurichlorides by alkali are not oxidised and the mercuric oxide 
remains yellow (Challenger and North, /oc. cit.). 

The ethyl ester of dimethyltelluretine bromide was rapidly precipitated as small white 
crystals on addition of an ethereal or alcoholic solution of ethyl bromoacetate to dimethyl 
telluride, or after a few minutes by aspiration of air over the telluride into the ester solution. 
These were very soluble in water or alcohol, but insoluble in ether; m. p. 137-5° (Found: Br, 
24-5. C,H,,0,BrTe requires Br, 24-7%). 

Phenacyldimethyltelluronium bromide was precipitated by interaction of phenacyl bromide 
and the telluride in ether or alcohol. It formed white crystals soluble in water or alcohol and 
could be recrystallised from alcohol-ether; m. p. 90—91° Found: Br, 22-4. C,,H,,OBrTe 
requires Br, 22-5%). 

Benzyldimethyltelluronium picrate was obtained by passing the telluride (evolved by warming 
the di-iodide, sodium sulphite, and sodium carbonate) into alcoholic benzyl chloride. Dilution 
with water and extraction with ether removed the excess of benzyl chloride. Sodium picrate 
then gave yellow crystals, m. p. 117—118°, and 121° on recrystallisation from alcohol (Found : 
C, 37-8; H, 3-3; N, 9-4. C,;H,,0,N,Te requires C, 37-75; H, 3-2; N, 8-8%). 

Mould Experiments.—A comparison of the four strains of Scopulariopsis brevicaulis (Peni- 
cillium brevicaule) employed by Challenger et al. (loc. cit.) showed that S. brevicaulis Saccardo 
(Strain Washington 2), designated (D) in these investigations, gave the strongest odour on 
addition of potassium tellurite to its cultures, and this strain was used for the work described in 
I and II below. 

Bread crumbs, slightly moistened with water and almost filling test-tubes of about 40 c.c. 
capacity, were used as the solid medium. The liquid medium was always 200 c.c. of 2% 
glucose—Czapek—Dox solution in 1 1. flasks. Sterilisation of the media, stoppers, connecting 
tubing, and the air stream was ensured as before (J., 1933, 98). The mould was always allowed 
to form a good mycelium before the potassium tellurite was added. The strains of S. brevicaulis 
usually required 2 days at 32° and 5 days at room temperature when grown on bread and 2—3 
days longer on liquid media. 

Judged by the intensity of odour produced in cultures at the same stage of growth, the 
most efficient concentration of potassium tellurite was 0-5—1-0 g. in 200 c.c. of liquid. Actually 
0-5 g. was always employed. Each tube received 0-2 g. of potassium tellurite in 1-5 c.c. of sterile 
water. Aeration began when the cultures had acquired a distinct odour. 

As small quantities of dimethyl telluride were occasionally used in the laboratory and the 
odour was then perceptible, the air drawn through the cultures was obtained by means of a pipe 
from outside the building except in one experiment (see below). Passage of laboratory air 
through Biginelli’s solution (5 c.c.), however, never produced a precipitate during sevéral weeks. 
Moreover, when dimethy] telluride was detected in the cultures by chemical means, the tubes 
or flasks had an intense odour. Addition of potassium tellurite to sterile, uninoculated bread 
crumbs and aspiration through Biginelli’s solution gave no precipitate. 

I. S. brevicaulis on a liquid medium with potassium tellurite. Twelve flasks were used, much 
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deposition of tellurium occurred on the mycelium, and an odour was apparent after 4 days. 
Volatile products were then aspirated through Biginelli’s solution (5 c.c.). A solid formed in 
the absorption tube after several hours and gradually increased during 10 days. This melted at 
173—174° (decomp.), at 177° (decomp.) on recrystallisation from hot Biginelli’s solution, and at 
177° (decomp.) in admixture with authentic dimethyl telluride mercurichloride of the same 
m. p. A portion was converted into the dibromide as described on p. 166. This melted at 
92—93° (Found: Br, 49-75. Calc.: Br, 50-45%). 

An experiment with 5 flasks, laboratory air being used, gave similar results. The recrys- 
tallised mercurichloride had m. p. 176° (decomp.) and mixed m. p. 177° (decomp.). The 
dibromide melted unrecrystallised at 92—93° (slightly sintering from-83°) and at 92—94° in 
admixture with authentic dibromide, m. p. 95°. 

II. S. brevicaulis on a bread medium with potassium tellurite. Eighteen test-tube cultures 
were employed in series. The odour of dimethyl telluride was noticed after 48 hours, but 
deposition of tellurium occurred much earlier. After 10 days about 0-01 g. of mercurichloride, 
m. p. 178° (decomp.), had separated in the Biginelli’s solution. Conversion into the dibromide 
gave a product of m. p. and mixed m. p. 94—95°. After 17 days the odour of telluride was very 
faint. . 

In a second experiment, seven tube cultures being used and the product being aspirated 
through alcoholic iodine solution, red needles, m. p. 125° (decomp.), were deposited. Dimethyl 
telluride di-iodide melts at 130° (decomp.) (Vernon, loc. cit.). 

III. Similar results were obtained with two other strains of the same mould, namely, 
S. brevicaulis (Sacc.) Bainier and S. brevicaulis (Strain Derx), briefly designated Strains A and C 
(J., 1933, 98). Bread cultures in test-tubes were employed and with Strain A cultures on 2% 
glucose-Czapek—Dox medium also. In each case dimethyl -telluride was identified as the 
mercurichloride. 

IV. The green Penicillium on a bread medium with potassium tellurite. Four tube cultures in 
series gave an odour of dimethyl telluride in 24 hours and very little deposition of tellurium 
occurred. A solid formed in Biginelli’s solution after 1 hour’s aeration. This increased 
more rapidly than when S. brevicaulis was used, about 0-15 g. being obtained in 10 days. This 
had m. p. 172—173° (decomp.), and 178° (decomp.) on recrystallisation. Conversion into the 
dibromide gave a product, m. p. 91—92°, and mixed m. p. 93-5°. 

The Biginelli’s solution was then replaced by alcoholic benzyl chloride (5 c.c.), and aspiration 
continued. After 7 days this was diluted with water, extracted with ether, and treated with 
sodium picrate; the precipitated product had m. p. 117—118° (without recrystallisation) and 
119—120° in admixture with authentic benzyldimethyltelluronium picrate, m. p. 121°. 

When eleven tube cultures were aerated immediately after addition of tellurite, very little 
odour was perceptible and no precipitate appeared in the Biginelli’s solution during 36 hours. 
The tubes were therefore closed for -24 hours; the odour was then very decided. Aeration 
quickly gave a mercurichloride, m. p. 177° (decomp.) and mixed m. p. 175° (decomp.). When 
benzyl chloride was used as absorbent, benzyldimethyltelluronium picrate was obtained as 
before, m. p. and mixed m. p. 118°. 

V. The green Penicillium in liquid cultures with potassium tellurite. In three separate 
experiments this gave dimethyl telluride, characterised as the mercurichloride. The quantity 
was smaller, however, than in the experiments described in sections I to III. 

VI. The green Penicillium in bread culture with sodium selenite. The mould was grown on 
bread crumbs in a 250 c.c. flask for 1 day at 32° and 2 days at room temperature. Sodium 
selenite (0-2 g. in 10 c.c. of sterile water) was then added. Aspiration into Biginelli’s solution 
quickly gave dimethyl selenide mercurichloride, m. p. 152—153° and mixed m. p. 153—154° 
with an authentic specimen of the same m. p. The odour in the culture flask was very strong. 

VII. Penicillium chrysogenum and potassium tellurite. Twelve bread cultures were grown 
in tubes for 3 days at room temperature, and potassium tellurite (0-3 g.) in a little sterile water 
added to each. A strong odour was produced and some tellurium was deposited in 48 hours. 
Absorption as before yielded dimethyl telluride mercurichloride, m. p. 170—172°, which was 
converted into the dibromide, m. p. 93° and mixed m. p. 94°. A second experiment with four 
tubes gave similar results. 

VIII. P. notatum and potassium tellurite. An exactly similar experiment to VI was set up, 
but only a very slight odour was noticed after 48 hours and no deposit formed in Biginelli’s 
solution (l1—2 c.c.). A second experiment with 9 tube cultures gave similar results. Rather 
more tellurium was deposited than in VI. 

IX. P. chrysogenum and P. notatum with sodium selenite and selenate. Both substances 
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were used with each organism in a bread culture contained in a 250 c.c. flask. An odour was 
observed 2 hours after addition of the salt (0-5 g. in 10 c.c. of sterile water). Aspiration through 
Biginelli’s solution gave dimethyl selenide mercurichloride in each case. With P. notatum and 
sodium selenate, this had m. p. 149—151° and mixed m. p. 153—154°. In the other cases 
the deposits melted either at 153°, 154° or 154—155°, giving entirely satisfactory mixed m. p.’s 
with an authentic specimen of dimethyl selenide mercurichloride, m. p. 153—154°. 
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40. Stereochemistry of as-Octahydrophenanthrene. 
By J. W. Cook, C. L. HEwett, and (Mrs.) A. M. RoBINsON. 


The two stereoisomeric as-octahydrophenanthrenes (I and II) have been prepared 
in a pure state, and their physical constants determined. The presence of both of them, 
and also of hydrindene-1-spirocyclohexane (III), in the saturated hydrocarbon mixture 
formed by cyclisation of 8-phenylethyl-A'!-cyclohexene, has been established by analysis 
of the ketone mixtures formed by oxidation with cold chromic acid. Separation of the 
three hydrocarbons could not be achieved by fractional distillation. A series of de- 
rivatives of cis-as-octahydrophenanthrene has been investigated, and two stereochemi- 
cally pure perhydrophenanthrene derivatives [2-perhydrophenanthrol (XI) and 2: 10- 
perhydrophenanthradiol (X)] of partly known configuration have been obtained. A by- 
product was perhydrophenanthrene (probably not stereochemically homogeneous), 
which was readily dehydrogenated to phenanthrene by selenium at 300°. 


A SIMPLE method of synthesis of as-octahydrophenanthrene by cyclisation of $-phenyl- 
ethyl-A!-cyclohexene was worked out independently by Bogert (Science, 1933, 77, 289; 
compare Perlman, Davidson, and Bogert, J. Org. Chem., 1936, 1, 288) and by Cook and 
Hewett (J., 1933, 1098). The substance so prepared gave phenanthrene on dehydrogen- 
ation and has been used in the synthesis of various compounds related to 1 : 2-benzanthr- 
acene (Cook and Haslewood, J., 1935, 767). Nevertheless, it soon became apparent that the 
tricyclic hydrocarbon did not necessarily consist entirely, or even mainly, of as-octa- 
hydrophenanthrene. A detailed study of an analogous cyclisation reaction (Cook and 
Hewett, J., 1934, 365), since supplemented by several investigations in this and other 
laboratories, showed that spirocyclic hydrocarbons may be formed in such reactions as 
well as purely hydroaromatic compounds, and that under certain conditions these spiro- 
cyclic hydrocarbons may undergo dehydrogenation with molecular rearrangement. Hence 
further examination of our “‘ as-octahydrophenanthrene ”’ seemed desirable. It was shown 
in a previous communication (Cook, Hewett, and Lawrence, J., 1936, 71) that at least two 
ketones are formed by oxidation of this hydrocarbon mixture; one of these was identical 
with a keto-octahydrophenanthrene synthesised by an independent method, and the other 
was regarded as derived from the spirocyclic hydrocarbon (III). 

We have re-examined this oxidation and have been able to isolate in addition the oxime 
of the second stereoisomeric keto-octahydrophenanthrene which we had already synthesised. 
Thus, the two stereoisomeric as-octahydrophenanthrenes (I and II) and the spiran (IIT) 
are all formed in the cyclisation of 8-phenylethyl-A1-cyclohexene. 
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van de Kamp and Mosettig (J. Amer. Chem. Soc., 1936, 58, 1063) prepared as-octahydro- 
phenanthrene by direet dehydration of 1-8-phenylethylcyclohexanol with phosphoric oxide 
and claimed to have fractionated their product into two pure components differing in b. p. 
and refractive index; these thty regarded as cis- and trans-isomerides (I and II). We have 
carried out a series of fractionations of the product obtained by this method, and also by 
our original method of cyclisation of the unsaturated hydrocarbon with aluminium chloride, 
and although there has been no difficulty in separating the hydrocarbon mixtures obtained 
by each procedure into fractions having refractive indexes corresponding with those given 
by van de Kamp and Mosettig, analysis of all the fractions by our oxidation technique has 
shown that none of the fractions was homogeneous; several contained all three hydro- 
carbons (I, II, and III). Moreover, the presence of the spirocyclic hydrocarbon (III) in 
the lower-boiling fractions has been shown independently by Perlman, Davidson, and 
Bogert (loc. cit.), who obtained by oxidation with permanganate a dicarboxylic acid of the 
anticipated structure (see-also Perlman and Bogert, J. Amer. Chem. Soc., 1937, 59, 2534). 

The proportions in which these three hydrocarbons are formed are doubtless influenced 
somewhat by minor variations in the experimental conditions. The spiran is clearly a 
lesser product in normal circumstances, a conclusion in keeping with the experiments of 
Bogert and of van de Kamp and Mosettig, and it is evident from our oxidation experiments 
that cis-as-octahydrophenanthrene (II) is very much more abundant in the mixture than the 
trans-isomeride. However, in one experiment on the condensation of the mixed hydro- 
carbons with succinic anhydride we isolated, not the keto-acid derived from octahydro- 
phenanthrene (Cook and Haslewood, Joc. cit.), but a mixture consisting chiefly of an 
isomeride evidently derived from the spiran (III). The new keto-acid was reduced to a 
substituted butyric acid, which was cyclised to a ketone (IV or V). Oxidation of this ketone 
with dilute nitric acid gave pyromellitic acid, a result consistent not only with the structure 
suggested, but also with that of a ketone stereoisomeric with the one originally obtained 
by Cook and Haslewood. The possibility of a stereoisomeride was excluded, however, by 
the composition of the hydrocarbon obtained by dehydrogenation of the product of inter- 
action of the ketone with methylmagnesium iodide. This hydrocarbon gave analytical 
figures in agreement with C,,H,, (VI or VII), whereas 5-methyl-1 : 2-benzanthracene 
(C,gH,,) should have resulted from a ketone derived from octahydrophenanthrene. 


O 
aad 


| = 


KY 
e 
(V.) (VI.) 


The two stereoisomeric as-octahydrophenanthrenes (I and IT) have been prepared in a 
pure state by Clemmensen reduction of their keto-derivatives synthesised from the phenyl- 
cyclohexylacetic acids (Cook, Hewett, and Lawrence, Joc. cit.), and from a comparison of 
physical constants it may be concluded that the liquid hydrocarbon formed by reduction of 
the liquid ketone has the cis-configuration (II), and that the hydrocarbon, m. p. 24°, obtained 
by reduction of the crystalline ketone, m. p. 95°, has the ¢vans-configuration (I). The figures 
which follow show that the differences in density and refractive index are of opposite sign 
to the differences of molecular refraction, in conformity with the relationships which hold 
in the decalin and the octalin series, but the density and refractive index differences between 
the octahydrophenanthrenes are smaller in magnitude than in the case of the simpler 
dicyclic compounds. 

207°, [Rrlp. 

cis-as-Octahydrophenanthrene ° 1-5549 59-06 
trans-as-Octahydrophenanthrene . 1-5528 59-20 
Difference . +0-0021 —0-14 
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Attempts have been made to secure chemical proof of configuration of the cis-compound, 
taking advantage of the comparatively ready availability of cis-hexahydrophenanthrone. 
This was nitrated, and the crystalline nitro-ketone reduced to the amino-ketone, which was 
converted into the hydroxy-ketone (VIII) by means of the ‘diazo-reaction. Clemmensen 
reduction of (VIII) led to cis-7-as-octahydrophenanthrol (IX), the orientation of which was 
established by dehydrogenation to 2-phenanthrol. In spite of repeated attempts we have 
been unable to isolate cis-hexahydrohomophthalic acid from the products of oxidation of 
the hydroxy-ketone (VIII). This failure may have been due to the poor power of crystal- 
lisation of this acid when contaminated with adipic, glutaric, and oxalic acids, which were 
found among the oxidation products. An attempt to overcome this difficulty by making 
a similar study of the trans-hydroxy-ketone was precluded by the lack of a method of 
preparation of trans-hexahydrophenanthrone in satisfactory yield. The presence of the 
spiran (III) in the fractions of synthetic octahydrophenanthrene which are richest in the 
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trans-hydrocarbon renders it impracticable to use this material as a source of the érvans- 
ketone, and in the synthesis of the 2-phenylcyclohexylacetic acids by hydrogenation of 
2-phenyl-A1-cyclohexenylacetic acid the cis-acid is almost exclusively formed.* We have 
carried out hydrogenations of the sodium salt of the unsaturated acid in alkaline solution 
and of the ethyl ester in neutral solution without increasing the proportion of trans-com- 
pound formed, and the hydrogenation of 2-phenylcyclohexylideneacetic acid, formed by 
dehydration of the phenylcyclohexanolacetic acid with acetic anhydride (compare Wallach, 
Annalen, 1909, 365, 261), has likewise failed to give the saturated trans-acid in useful 
amount. 

When 7-hydroxy-9-keto-octahydrophenanthrene (VIII) was hydrogenated over a 
platinum catalyst, it gave a mixture of products, from which were isolated 7-hydroxyocta- 
hydrophenanthrene (IX), a 2: 10-dihydroxyperhydrophenanthrene (X), a 2-hydroxyperhydro- 
phenanthrene (XI), and a liquid having the composition of perhydrophenanthrene, possibly 
a mixture of stereoisomerides. The orientation of (XI} was shown by the fact that the 
same carbinol was obtained by hydrogenation of 7-hydroxy-as-octahydrophenanthrene 
(IX). The relative simplicity of this mixture of hydrogenation products is of interest, for 
the reaction could give rise theoretically to eight carbinols (XI) and sixteen diols (X). It 
is to be observed that the two compounds (X and XI) represent stereochemically homo- 
geneous simple derivatives of perhydrophenanthrene, in which the configuration is partly 
known. 

Rather unexpectedly, the perhydrophenanthrene obtained in this hydrogenation was 
smoothly dehydrogenated to phenanthrene by selenium at 300—315°. Pinkney, Nesty, 
Wiley, and Marvel (J. Amer. Chem. Soc., 1936, 58, 986) were unable to effect dehydro- 
genation under these conditions of specimens of perhydrophenanthrene obtained by 
hydrogenation of phenanthrene and of a synthetic dodecahydrophenanthrene over Raney 
nickel at 250°. The most obvious explanation of this discrepancy lies in differences of 
configuration between our hydrocarbon and that of the American authors, the cis-structure 
which is known to be present at the fusion of 2 rings in our substance being probably more 
susceptible to dehydrogenation than the ¢rans-structures which are likely to be formed by 
hydrogenation with nickel. More recently, Denisenko and Kotelnikova (J. Gen. Chem., 
1937, 7, 2819) have reported that a perhydrophenanthrene obtained by hydrogenation of 
octahydrophenanthrene with noble metal catalysts was dehydrogenated to phenanthrene 
by platinised charcoal at 300°. 


* Newman (J. Amer. Chem. Soc., 1938, 60, 2947) has obtained cis-hexahydrochrysene derivatives by 
an extension of the hydrophenanthrene synthesis of Cook, Hewett, and Lawrence (loc. cit.). 
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We have also examined the possibility of obtaining 7-hydroxy-as-octahydrophenan- 
threne (IX) (or its tvans-isomeride) from the products of cyclisation of 8-m-methoxyphenyl- 
ethyl-A1-cyclohexene (XII). In this case, however, the sfiro-structure rather than the 
hydroaromatic structure was mainly formed, a good yield of the crystalline phenol (XIII) 
being isolated after demethylation. 
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The methyl ether of (XIII) was resistant to the dehydrogenating action of platinum at 
300°, in conformity with the structure assigned. The phenols present in the mother- 
liquors from which (XIII) had been isolated were remethylated and dehydrogenated, and 
gave 2-methoxyphenanthrene, indicating that the octahydrophenanthrene derivative was 
also formed in the cyclisation of (XII). 

In view of the relationships between the molecular dimensions of ergosterol and calci- 
ferol (compare Bernal and Crowfoot, Chem. and Ind., 1935, 54, 701) it seemed of interest 
to make a comparison of molecular dimensions by X-ray crystallographic methods of the 
perhydrophenanthrol (XI) and the corresponding dicyclic compound (XIV), although the 
absence of double bonds renders the structures of these two carbinols only partially ana- 
logous to those of ergosterol and calciferol. A crystalline carbinol of structure (XIV) was 
isolated from the products of hydrogenation with platinum of 8-(m-hydroxyphenyl)ethyl- 
cyclohexane, which was prepared from (XII) by palladium-hydrogenation, followed by 
demethylation. It was also thought that the crystal structures of (IX) and (XIII) would 
be worthy of attention, as possibly affording corroboration of the constitutions assigned 
to them. Neither of these objectives was realised, as the complexity of structure of the 
unit cells of all four compounds made it impossible to draw any significant conclusions 
from the X-ray diffraction measurements. These experiments were carried out by 
Dr. John Iball, who gives the following data for the compounds in question : 

8-3’-Hydroxycyclohexylethylcyclohexane (XIV). The crystals are very small, imperfect 
plates elongated in the direction of the b-axis. The crystals appear to be triclinic with 
the following cell dimensions, a = 42-8 a., b = 5-49 a., d(001) = 22-70 a., y = 90°. The 
optic sign is (+) and the optic axial angle is large; the intersection of the optic axial plane 
in (100) makes an angle of approximately 20° with 0; the acute bisectrix y is approximately 
30° from the perpendicular to (001). 

2-Perhydrophenanthrol (XI). This substance crystallises from hexane in thin mono- 
clinic needles slightly tabular on (001). The unit cell dimensions are as follows; the b-axis 
is parallel to the length of the needle : 

a = 20-08 A., b = 8-69 A., c = 28-25 4., 8 = 100-3°. 12 mols. (Cy4H,,O) per unit cell. 

The halvings observed on moving-film photographs taken about each of the above 
axes are (hkl) when (h + k + 1) is odd, (h0l) when h or / is odd, and (0k0) when & is odd. 
The space group is therefore either C$, — 12/a or C$ — Ia. 

cis-7-Octahydrophenanthrol (IX) crystallises from hexane in clusters of needles. The 
needles are orthorhombic and are slightly tabular on (001). The unit cell dimensions are 
as follows, the b-axis is parallel to the length of the needle : 

a = 21-58 A., b = 6-38 A., c = 25-86 A. 12 mols. (C,,4H,,O) per unit cell. 

The observed halvings are (h00) when h is odd, (0k0) when & is odd, and (007) when / 
is odd. The space group is therefore Dj — P2,2,2,. The optic sign is (+), 8 = a and 
yY =. . 
5-Hydroxyhydrindene-1-spirocyclohexane (XIII). Crystallisation from amyl acetate 
gives rather thin, poorly developed needles. These are monoclinic, flattened on (001) and 
elongated along 6. The unit cell dimensions are as follows : 

a = 33-50 A., b = 6-47 A., c = 39-37 A., 8 = 106-5°. 24 mols. (C,4H,,O) per unit cell. 
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The observed halvings are (40/7) when A or / is odd and (00) when k is odd. The space 
group is therefore C3, — P2,/a or P2,/c. 


EXPERIMENTAL. 


Pure as-Octahydrophenanthrenes.—cis-Isomeride. The liquid hexahydrophenanthrone (Cook, 
Hewett, and Lawrence, Joc. cit.) (10 g.) was boiled under reflux for 7 hours with concentrated 
hydrochloric acid (20 c.c.), water (40 c.c.), and amalgamated zinc (30 g.), additional portions of 
hydrochloric acid (5 c.c.) being added after each hour. The hydrocarbon was distilled in steam, 
extracted with ether, dried with calcium chloride, and distilled in a vacuum over sodium. cis- 
as-Octahydrophenanthrene (II) formed a colourless liquid, b. p. 88—90°/0-1—0-15 mm., di* 
10164, d5° 1-0072, ni?® 1-5586, 2?” 1-5549 (Found: C, 90-6; H, 9-8. C,H, requires 
C, 90-3; H, 9-7%). 

trans-Isomeride. The crystalline ketone, m. p. 95° (Cook, Hewett, and Lawrence, /oc. cit.) 
(1-75 g.), was similarly reduced, and the product distilled at 0-05—0-1 mm. from a boiling-water 
bath. The amount of hydrocarbon (0-45 g.) was insufficient for a b. p. determination. trans- 
as-Octahydrophenanthrene (1) readily crystallised at room temperature to a mass of colourless 
needles, m. p. 23—24° (Found: C, 90-55; H, 9-8%). The supercooled liquid hydrocarbon had 
B22 1-006, n2°? 1-5528. 

Analysis of Tricyclic Hydrocarbons from 1-8-Phenylethylcyclohexanol.—(a) The product 
from the action of aluminium chloride on 8-phenylethyl-A'-cyclohexene in carbon disulphide 
(18 hours at room temperature) (compare Cook and Hewett, J., 1933, 1098) was freed from 
traces of unsaturated compounds by washing with 80% sulphuric acid and the purified hydro- 
carbons (165 g.) were slowly fractionated through a column at 0-3mm. The b. p.’s of the frac- 
tions (ca. 100—110°) are not recorded, as the values were much influenced by rate of distillation, 
temperature of bath, etc., and it was found more satisfactory to use the refractive indices as a 
guide to the fractionation. In the first distillation the following fractions were collected : 
I, n?}® 1-5448; 31 g. II, n3!® 1-5442; 32-5 g. III, wf 1-5512; 41 g. IV, n2* 1-5527; 
32-7 g. V, ni 1-5529; 15-3 g. Each of these fractions was redistilled, sub-fractions of 
similar refractive index combined and redistilled, and the process repeated several times. In 
this way were obtained, among others, the following fractions: (A) nj’™ 1-5466; 16g. (B) 
ni?* 1-5508; 34 g. (C) nl? 1-5528; 31 g. (D) ni? 1-5534, nl8® 1-5544; 56 g. These 
values may be compared with those cited by van de Kamp and Mosettig (loc. cit.) for their 
lower-boiling (n}* 1-5460) and higher-boiling fractions (ni? 1-5592) as well as those given 
above for the pure octahydrophenanthrenes. 

The following procedure was employed in the analysis of the fractions : A solution of chromic 
acid (8 parts) in 80% acetic acid (16 parts) was added slowly to an ice-cold mixture of the hydro- 
carbon fraction (7 parts) in glacial acetic acid (70 parts). The solution was kept for 4 days at 
room temperature, poured into water, and extracted with ether. The extract was washed with 
water and dilute sodium carbonate solution, dried, and distilled. The ketonic fraction had 
b. p. ca. 135°/0-2 mm. (2—2-5 parts), and this was heated on the water-bath for 4 hours with 
hydroxylamine hydrochloride in anhydrous pyridine. The resulting mixture of oximes was 
fractionally crystallised from aqueous alcohol and methyl alcohol. 

Fraction I was redistilled and the lower-boiling portion (nj 1-5298; 5-5 g.) was oxidised. 
The oxime, m. p. 176—177°, of trans-as-hexahydrophenanthrone was isolated in the pure 
state, identification being completed by hydrolysis to the pure crystalline ketone with boiling 
aqueous-alcoholic sulphuric acid. From fraction (D) were isolated the oximes of all three 
ketones (corresponding with both octahydrophenanthrenes, I and II, and the spiran, III). 
In all oxidation experiments the oxime of cis-hexahydrophenanthrone was abundantly formed, 
but on account of its much lower m. p. (124°) this was difficult to obtain pure. The oximes of 
the trans-ketone (m. p. 176°) and the spirocyclic ketone (m. p. 187°) had similar solubilities, and 
from the m. p.’s of the oxime fractions it was clear that they were always present together. 
Whether the one or the other was eventually obtained pure was largely determined by the 
proportions in which they were present in the mixture. 

(b) 1-8-Phenylethylcyclohexanol was dehydrated with phosphoric oxide (compare van de 
Kamp and Mosettig, loc. cit.). The saturated hydrocarbon mixture was distilled at 3 mm. into 
four fractions: I, n}®* 1-5505; II, m}5* 1-5505; III, ni®* 1-5526; IV, n}®* 1-5550. After 
oxidation, the oximes of the tvans-ketone and the spirocyclic ketone were isolated from fractions 
I and II, and the oximes of the cis-ketone and the spirocyclic ketone were isolated from 


fraction IV. 
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Condensation of fraction IV (20 g.) with succinic anhydride by means of aluminium chloride 
in nitrobenzene solution gave a mixture of keto-acids (6-6 g.), m. p. 136—138°, from which the 
keto-acid, m. p. 160°, derived from the spiran (III), was isolated through the semicarbazone 
of its methyl ester (see below). 

Keto-acid arising from Condensation of the Spirocyclic Hydrocarbon (III) with Succinic An- 
hydride.—Many batches of the hydrocarbon mixture obtained by cyclisation of 8-phenylethyl- 
A!-cyclohexene with aluminium chloride have been condensed with succinic anhydride to give 
g-6-as-octahydrophenanthroylpropionic acid, m. p. 140° (Cook and Haslewood, Joc. cit.). One 
batch, however, was evidently unusually rich in the spiran (III), for, when it (250 g.) was con- 
densed with succinic anhydride, it gave an acid (70 g.) of the expected m. p. (139—141°), but 
subsequent examination showed that it was a mixture containing a considerable proportion of 
a new keto-acid. The new acid was more resistant to Clemmensen reduction than octahydro- 
phenanthroylpropionic acid, and was isolated from the mixture after Clemmensen reduction by 
repeated crystallisation from benzene and then alcohol, 8-(5 or 6)-cyclohexane-1-spirohydr- 
indoylpropionic acid being obtained in small colourless prisms, m. p. 162—163° (Found : C, 75-3; 
H, 7:7. Cy gH,,0, requires C, 75-5; H, 7°75%). This keto-acid did not depress the m. p. of 
octahydrophenanthroylpropionic acid, m. p. 140°, and could not be separated from it by frac- 
tional crystallisation. Its sodium salt was sparingly soluble in water. 

In another experiment in which the mixed keto-acids were reduced with hydrochloric acid 
and amalgamated zinc (7 hours’ boiling) a small amount of acid sparingly soluble in ether was 
isolated. The sparingly soluble sodium salt of this was crystallised and the free acid was then 
crystallised from benzene, forming soft colourless needles, m. p. 140—141°. This appeared to 
be a molecular compound of keto-acid and a butyric acid formed by reduction of the keto-acid 
or its isomeride (Found: C, 77-3; H, 8-2. C,,H,.03,C,,H,,O, requires C, 77-4; H, 8-2%). 
Alternatively, this product may be an oxide formed by dehydration of a pinacol reduction 
product of the keto-acid (C,,H,,O, requires C, 77-7; H, 7-8%). 

In order to separate the cyclohexanespirohydrindoylpropionic acid from the crude mixture, 
without previous reduction, this was first purified by crystallisation of the sodium salt, and the 
liberated acid (m. p. 143—147°) was esterified with diazomethane. The syrupy methyl ester 
was treated with semicarbazide in aqueous alcoholic solution, and the semicarbazone of the methyl 
ester was recrystallised from methyl alcohol, forming colourless prismatic needles, m. p. 185— 
186° (Found: C, 67:2; H, 7-5. CygH,,O,N; requires C, 67-2; H, 7-6%). Hydrolysis first with 
sulphuric acid, alcohol, and water, and then with alcoholic sodium hydroxide, gave the pure . 
cyclohexanespirohydrindoylpropionic acid, m. p. 162°. 

The semicarbazone of the methyl ester of 8-6-as-octahydrophenanthroylpropionic acid formed 
stout colourless crystals (from alcohol), m. p. 175-5—176-5°, depressed about 6—7° by the 
corresponding spirocyclic semicarbazone (Found : C, 67-0; H, 7-5%). 

y-(5 or 6)-cycloHexane-1-spirohydrindylbutyric acid was obtained when the semicarbazone 
(1 g.), m. p. 207°, of the keto-acid was heated for 18 hours with alcoholic sodium ethoxide (1 g. 
of sodium in 15 c.c. of alcohol). The butyric acid was distilled at 0-05 mm. from an air-bath at 
160°, and crystallised from hexane, forming colourless needles, m. p. 105—107° (Found: C, 
79-5; H, 9-0. C,,H,,O, requires C, 79-3; H, 8-9%). The same acid was also isolated from the 
more soluble products of the Clemmensen reduction of the original mixture of keto-acids. 

1’-(or 4’) Keto-1’ : 2’ : 3’: 4’-tetrahydro-5 : 6-benzhydrindene-l-spirocyclohexane (IV or V). 
The aforesaid butyric acid (1 g.) was dehydrated by heating at 100° for } hour with sulphuric 
acid (5c.c.; 4 vols. of conc. acid, 1 vol. of water). The tetracyclic ketone (IV or V) was sublimed 
at 120°/0-001 mm. and recrystallised from methyl alcohol, forming colourless needles, m. p. 
109—110° (Found: C, 84-7; H, 8-7. C,,H,,O requires C, 85-0; H, 8-7%). 

This ketone (0-4 g.) was oxidised by heating at 170—180° for 6 hours with dilute nitric acid 
(2-5 c.c. of conc. acid, 7-5 c.c. of water), and the water-soluble acids so formed were esterified by 
heating their silver salts with methyl iodide in benzene solution. The resulting tetramethyl 
pyromellitate had m. p. 140—141°, alone or mixed with an authentic sample. 

l’-(or 4’)Methyl-5 : 6-benzhydrindene-1-spirocyclohexane (VI or VII). The tetracyclic 
ketone (IV or V) (0-6 g.) was added to an ice-cold solution of methylmagnesium iodide, the whole 
kept in the ice-bath for } hour, and then boiled for 1} hours. The resinous product, isolated in 
the normal manner, was dehydrogenated by heating with platinum-biack (0-1 g.) at 295—300° for 
an hour. The resulting hydrocarbon (VI or VII) crystallised from alcohol in colourless plates, 
m. p. 109—110° (Found: C, 91-0; H, 9-05. .C,,H,, requires C, 91-1; H, 8-9%). 

Derivatives of cis-as-Octahydrophenanthrene.—cis-7-Nitro-9-keto-1 :2:3:4:9:.10: 11: 12- 
octahydrophenanthrene. Powdered potassium nitrate (17-5 g.) was slowly added to a mechani- 
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cally stirred solution of the liquid ketone (30 g.) (obtained by dehydration of 2-phenylcyclohexyl- 
acetic acid, m. p. 168—170°; Cook, Hewett, and Lawrence, loc. cit.) in concentrated sulphuric 
acid (150 c.c.). During addition of the nitrate the solution was cooled in a bath of ice and salt, 
and was then kept in an ice-bath for an hour, and poured on ice. The nitvo-ketone was collected 
and recrystallised from aqueous acetone (yield, 26 g.). A sample, recrystallised from alcohol, 
formed colourless plates, m. p. 151-5—152° (Found: C, 68-8; H, 6-1. C,,H,,O,;N requires 
C, 68-5; H, 5-7%). 

cis-7-A mino-9-keto-1:2:3:4:9:10: 11: 12-octahydrophenanthrene. A _ solution of the 
nitro-ketone (14 g.) in acetone (250 c.c.) was shaken with hydrogen and palladium-black (1 g.) 
until absorption ceased. The acetone was removed on the water-bath, and the residue recrys- 
tallised from benzene—cyclohexane. The amino-ketone (33-4 g. from 41-5 g. of nitro-compound) 
formed yellow needles or colourless plates, m. p. 118-5—119° (Found: C, 78-0; H, 8-4. 
C,,H,,ON requires C, 78-0; H, 80%). Its acetyl derivative formed colourless leaflets (from 
alcohol), m. p. 178—179° (Found : C, 74-6; H, 7-5. C,H ,,0O,N requires C, 74:7; H, 7-45%). 

cis-7-Hydroxy-9-keto-1 :2:3:4:9: 10:11: 12-octahydrophenanthrene (VIII). An ice-cold 
solution of the amino-ketone (15 g.) in N-sulphuric acid (150 c.c.) was diazotised with sodium 
nitrite solution (5 g. in 50 c.c. of water). Excess of nitrous acid was destroyed with urea (0-5 g.) 
and the diazonium salt was added to boiling n-sulphuric acid (2-5 1.). Boiling was continued 
for 5 minutes, and the solution cooled and extracted with ether. The ethereal extract, filtered 
from insoluble colouring matter, was shaken with dilute sodium hydroxide solution, and the 
alkaline solution was acidified and re-extracted with ether. The extract was dried with sodium 
sulphate, the ether removed, and the residual brown gum dissolved in benzene, treated with 
cyclohexane, and boiled with charcoal. The filtered solution was set aside in the refrigerator for 
2 days, and the brown crystalline solid (9 g.) collected. This was sublimed at 140—150°/0-001 
mm., recrystallised from benzene—cyclohexane (yield, 7-5 g.) and then, for analysis, from benzene. 
cis-7-Hydroxy-9-hexahydrophenanthrone (VIII) formed a colourless crystalline powder, m. p. 
141—142° (Found: C, 78-0; H, 7-4. C,4H,,O, requires C, 77-7; H, 7:5%). This hydroxy- 
ketone gave no oestrous response when injected in 10 mg. doses into ovariectomised mice. Its 
semicarbazone formed colourless crystals (from methyl alcohol), m. p. 233—234°. In another 
experiment the crude hydroxy-ketone was extracted with sodium carbonate, and 11-9 g. of 
material of m. p. 141° were obtained from 16-5 g. of amino-ketone. 

Many fruitless attempts were made to obtain proof of configuration of the foregoing hydroxy- 
ketone by oxidation to hexahydrohomophthalic acid, both geometrical isomerides of which are 
known (Windaus, Hiickel, and Reverey, Ber., 1923, 56, 91; compare Chuang and Tien, Ber., 
1936, 69, 25). The following is a description of one such experiment: A solution of potassium 
permanganate (15 g.) in water (300 c.c.) was added during $ hour to a mechanically stirred ice- 
cooled solution of cis-7-hydroxy-9-hexahydrophenanthrone (2-1 g.) in dilute aqueous potassium 
hydroxide (1 g. in 75 c.c.). The whole was heated on the water-bath, acidified with sulphuric 
acid, and treated with more permanganate (7 g.). The solution was warmed until the perman- 
ganate colour was destroyed, filtered, and concentrated under reduced pressure. It was then 
extracted five times with ether, the extract dried over sodium sulphate, and the ether remdved. 
The residual gum gave a solid when triturated with benzene, and this, after two recrystallisations 
from water, had m. p. 150°, not depressed by adipic acid. The identification was completed 
by comparison of the p-bromophenacyl ester with an authentic specimen prepared from adipic 
acid (Kelly and Kleff, J. Amer. Chem. Soc., 1932, 54, 4444). The slowly crystallising gum 
obtained from the benzene liquors was similarly treated with p-bromophenacyl] bromide and gave 
an ester which crystallised from alcohol in colourless leaflets, m. p. 124—125°. Analysis showed 
that this consisted mainly cf p-bromophenacyl glutarate, which had m. p. 134-5—135-5°, and a 
mixed m. p. determination showed no depression (Found : C, 48-3, 48-5; H, 3-6, 3-6; Br, 30-2, 
30-0. Calc. for C,,H,,0,Br,: C, 47-9; H, 3-45; Br, 30-4%). In another oxidation experiment 
in which the treatment with acid permanganate was omitted oxalic acid was isolated. Yet 
another oxidation was carried out entirely in the cold in alkaline solution, and the acidic pro- 
ducts were esterified, and the esters distilled. One fraction gave after hydrolysis a water- 
soluble acid, m. p. 218—220°, which appeared to be tvans-hexahydrophthalic acid. This does 
not invalidate the cis-configuration assigned to the Series of octahydrophenanthrene derivatives 
in question, as the /vans-acid may well have been formed by alkaline hydrolysis of the cis- 
ester (compare Hiickel and Goth, Ber., 1925, 58, 449). 

In connexion with this work a specimen of the ~-bromophenacy] ester of trans-hexahydro- 
homophthalic acid * was prepared and had m. p. 178—179° (from acetone). The -bromo- 


* We are indebted to Professor R. P. Linstead for the gift of a specimen of this acid. 
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phenacyl ester of cis-hexahydrohomophthalic acid could not be obtained crystalline, but its 
p-phenylphenacyl ester formed a colourless crystalline powder, m. p. 146—147° (Found : C, 771; 
H, 6-1. C3,H,,O, requires C, 77-3; H, 6-0%). 

cis-7-Hydroxy-1:2:3:4:9:10: 11: 12-octahydrophenanthrene (IX). The hydroxy-ketone 
(VIII) (10 g.) was boiled under reflux for 74 hours with concentrated hydrochloric acid (20 c.c.), 
water (40 c.c.), toluene (20 c.c.), and amalgamated zinc (30 g.), additional hydrochloric acid 
(5 c.c.) being added after each hour. The product was extracted with ether and distilled, giving 
6 g. of distillate, b. p. 190°/2-5 mm. cis-7-Hydroxy-1:2:3:4:9:10: 11: 12-octahydrophen- 
anthrene (IX) crystallised from ligroin in colourless needles, m. p. 94—-95° (Found: C, 83-2; 
H, 8-9. C,4H,,O requires C, 83-1; H, 90%). Its benzoate formed small colourless needles 
(from alcohol), m. p. 100—101° (Found : C, 82-2; H, 7:3. C,,;H,,O, requires C, 82:3; H, 7°25%), 
and its 3: 5-dinitrobenzoate formed soft, almost colourless needles (from ethyl acetate), m. p. 
165-5—166-5° (Found: C, 63-6; H, 5-1. C,,;H,O,N, requires C, 63-6; H, 5-1%). 

The octahydrophenanthrol (IX) was rapidly dehydrogenated by heating with platinum- 
black at 235—240°. After an hour at this temperature the acidic product was extracted with 
dilute alkali and recrystallised from aqueous methyl alcohol. The crystals, m. p. 162°, gave a 
benzoate, m. p. 136°, and there was insufficient material for further purification (2-phenanthrol 
has m. p. 168°, and its benzoate, 139—140°). 

When the liquid methyl ether of the octahydrophenanthrol (IX), prepared by methylation 
with methyl p-toluenesulphonate and aqueous alkali at 100°, was heated with platinum-black 
at 300°, it was dehydrogenated to 7-methoxy-1 : 2: 3: 4-tetrahydrophenanthrene, m. p. 60—61° 
(from aqueous alcohol) (Found: C, 85:1; H, 6-65. C,;H,,O requires C, 84:9; H, 7-6%), the 
picrate of which formed slender, light red needles, m. p. 125-5—126-5° (Found : C, 57-5; H, 4-3. 
C,;H,,0,C,H,O,N, requires C, 57-1; H, 4:3%). The incompleteness of the dehydrogenation 
was doubtless due to catalyst poisoning, for the tetrahydro-compound was rapidly dehydro- 
genated to 2-methoxyphenanthrene, m. p. 98° (picrate, m. p. 124—125°), by selenium at 300°. 
The identification of these last-named compounds was completed by comparison with specimens 
prepared from 8-m-methoxyphenylethyl-A!-cyclohexene (below). 

9-Hydroxy-1:2:3: 4-tetrahydrophenanthrene.—When 2-phenyl-Al-cyclohexenylacetic acid 
(Cook, Hewett, and Lawrence, loc. cit.) was dehydrated with cold concentrated sulphuric acid, 
it gave, in rather poor yield, a viscous liquid phenol, the 3 : 5-dinitrobenzoate of which formed 
lemon-yellow leaflets (from benzene), m. p. 220° (Found: C, 64-4; H, 4:15. C,,H,,O,N, 
requires C, 64-3; H, 41%). 

2-Phenylcyclohexylideneacetic Acid.—A solution of 2-phenylcyclohexanolacetic acid (Cook, 
Hewett, and Lawrence, Joc. cit.) (8 g.) in acetic anhydride (20 c.c.) was boiled for 2 hours, cooled, 
poured into water, and kept overnight. The oil was extracted with ether, and the extract 
shaken with dilute sodium carbonate solution. Acidification of the alkaline solution gave 
2-phenylcyclohexylideneacetic acid, which, after recrystallisation from ligroin and then benzene, 
formed colourless prisms, m. p. 168—169° (Found : C, 77-9; H, 7-5. C,H ,.O, requires C, 77-7; 
H, 7:5%). 

Perhydrophenanthrene Derivatives.—(a) Hydrogenation of cis-7-hydroxy-9-keto-as-octahydro- 
phenanthrene (VIII). A solution of the hydroxy-ketone (4-7 g.) in acetic acid (75 c.c.) was 
shaken with hydrogen and Adams’s platinum catalyst (0-5 g.). In 30 hours, 2-2 1. of hydrogen 
were absorbed. The acetic acid was removed under reduced pressure, and the residue treated 
with light petroleum. The solid in suspension (0-8 g.) was collected and recrystallised from alcohol, 
forming colourless elongated plates, m. p. 239—240°. This was 2: 10-dihydroxyperhydro- 
phenanthrene (X) (Found: C, 74-5; H, 10-7; M, 228, 243. C,,H,,O, requires C, 74-9; H, 10-8% ; 
M, 224); a crystalline benzoate could not be obtained, nor was a crystalline diketone 
formed by oxidation with chromic acid in cold acetic acid. The material from the light 
petroleum mother-liquors from which this diol had been separated was distilled into two 
main fractions. The lower fraction (1 g.) consisted of perhydrophenanthrene, and after redis- 
tillation had b. p. 133—135°/13—14 mm., and nj?* 1-5152 (Found: C, 87-4; H, 12-7. Calc. 
for C,,H,,: C, 87-4; H, 126%). The higher fraction (1-7 g.), b. p. 120°/0-1 mm., formed a 
thick colourless gum, which was treated with 3 : 5-dinitrobenzoyl chloride (2-5 g.) in pyridine 
(7-5 c.c.) at 100° for 15 minutes. The resulting mixture of 3 : 5-dinitrobenzoates was fraction- 
ally crystallised from cyclohexane into the 3: 5-dinitrobenzoate, m. p. 166°, of octahydro-7- 
phenanthrol (IX), the less soluble component, and the 3 : 5-dinitrobenzoate of 2-hydroxyper- 
hydrophenanthrene (XI), which crystallised from alcohol in colourless needles, m. p. 167—168° 
(Found: C, 63-1; H, 6-6. C,,H,,O,N, requires C, 62:7; H, 65%). 2-Hydroxyperhydro- 
phenanthrene (XI), obtained from this dinitrobenzoate by hydrolysis with aqueous alcoholic 
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potash, crystallised from ligroin in colourless silky needles, m. p. 108—109° (Found: C, 80-5; 
H, 11-6. C,,H,,O requires C, 81-0; H, 11-6%). 

Oxidation of the last-named carbinol with chromic acid in cold acetic acid (24 hours) gave a 
liquid ketone which formed a semicarbazone, a colourless microcrystalline powder, m. p. 179— 
180° (from alcohol) (Found: C, 68-3; H, 9-6. C,;H,,ON; requires C, 68-4; H, 9-6%), together 
with a dicarboxylic acid, m. p. 170° (from benzene and then aqueous alcohol) (Found: C, 66-1; 
H, 8°8. C,,H,,O, requires C, 66-1; H, 8-7%). 

In another hydrogenation experiment the crude distilled carbinol fraction was oxidised with 
chromic acid, and the neutral product treated with semicarbazide. There was isolated by 
crystallisation from dioxan a semicarbazone isomeric with that mentioned in the preceding 
paragraph. The new semicarbazone formed a colourless microcrystalline powder, m. p. 209— 
210° (Found: C, 68-3; H, 9-7. C,;H,,ON, requires C, 68-4; H, 9°6%). 

(b) Hydrogenation of cis-7-hydroxy-as-octahydrophenanthrene (IX). This phenol (4:5 g.) was 
hydrogenated in acetic acid with Adams’s platinum catalyst, and the product fractionally dis- 
tilled into perhydrophenanthrene (1-2 g.) and a carbinol mixture (2-5 g.), b. p. 123°/0-1 mm., 
which was dissolved in light petroleum, and the solution kept overnight in the refrigerator. 
The resulting crystals were recrystallised from hexane and gave 0-9 g. of the perhydro-2-phen- 
anthrol, m. p. 108—109°, described under (a). Treatment of the material from the mother- 
liquors with 3: 5-dinitrobenzoyl chloride in pyridine gave a mixture of dinitrobenzoates from 
which the only homogeneous substance isolated was the dinitrobenzoate of unreduced octa- 
hydrophenanthrol. 

Dehydrogenation of redistilled perhydrophenanthrene (1 g.) with selenium (2-75 g.) at 300— 
315° for 27 hours, and treatment of the product with picric acid, gave phenanthrene picrate 
(1-3 g. = 60% yield), m. p. 143—144° (lit., 145°), from which pure phenanthrene, m. p. 99—100°, 
was obtained. 

6-m-Methoxyphenylethylcyclohexanol and its Products.—8-m-Methoxyphenylethylcyclohexanol. 
8-m-Methoxyphenylethyl alcohol, obtained as outlined by Hewett (J., 1936, 51), was converted 
into its chloride by treatment with thionyl chloride in dimethylaniline (compare Darzens, Compt. 
vend., 1911, 152, 1316). cycloHexanone (37 g.), diluted with dry ether (60 c.c.), was added to 
an ice-cooled Grignard solution prepared from 6-m-methoxyphenylethyl chloride (60 g.), mag- 
nesium turnings (9 g.), and anhydrous ether (300 c.c.). The whole was kept at room temper- 
ature overnight and decomposed with ammonium chloride solution, and the tertiary carbinol 
isolated by distillation. It formed a colourless viscous liquid (58 g.), b. p. 160—165°/0-5 mm. 
8-m-Methoxyphenylethylceyclohexanol gave a 3: 5-dinitrobenzoate, m. p. 93-5—94-5° (Found : 
C, 61-7; H, 5-9. C,,H,,O,N, requires C, 61-7; H, 5-65%). 

6-m-Methoxyphenylethyl-A'-cyclohexene (XII). The tertiary carbinol (40 g.) was dehydrated 
by heating for 1} hours at 160° with potassium hydrogen sulphate (40 g.). The product (b. p. 
185°/22 mm.; 33-5 g.) consisted essentially of the unsaturated compound (XII) (Found: C, 
81-85; H, 9-4. C,;H,.O requires C, 83-3; H, 9-3%). A little (8 g.) was redistilled in a vacuum 
over zinc chloride and then hydrogenated with palladium-black in alcoholic solution. The 
resulting §-m-methoxyphenylethylcyclohexane had b. p. 120—125°/0-56 mm. and ni%* 1-5217 
(Found: C, 81-9; H, 10-2. C,,;H,,O requires C, 82-5; H, 10-2%). 

8-3’-Hydroxycyclohexylethylcyclohexane (XIV). ®-m-Methoxyphenylethylcyclohexane (7-2 g.) 
was demethylated by boiling for 3 hours with hydrobromic acid (48%; 20 c.c.) in glacial acetic 
acid (50 c.c.). The distilled product (b. p. 145—147°/0-8 mm.; 5-1 g.) was hydrogenated in 
acetic acid solution with Adams’s platinum catalyst. The hydrogenated material was frac- 
tionated into a mobile liquid, b. p. 98—102°/0-8 mm. (2-2 g.), and a viscous liquid, b. p. 132— 
133°/0-8 mm. (2-2 g.). The higher fraction was essentially the desired carbinol (Found: C, 
80-7; H, 12-6%), and was treated with 3: 5-dinitrobenzoyl chloride in pyridine at 100° (15 
minutes). The resulting mixture of dinitrobenzoates was fractionally crystallised from alcohol, 
the only pure component isolated being a 3 : 5-dinitrobenzoate which formed colourless leaflets, 
m. p. 105-5—106-5° (Found : C, 62-6; H, 7:1. C,,H,,0,N, requires C, 62-4; H, 7-0%). This, 
on hydrolysis with aqueous alcoholic potash, gave §-3’-hydroxycyclohexylethylcyclohexane, 
which separated from aqueous methyl alcohol in colourless crystals, m. p. 57—58° (Found : 
C, 79-8; H, 12-3. C,,H,,O requires C, 79-9; H, 12-5%). 

Cyclisation of 6-m-methoxyphenylethyl-A'-cyclohexene (XII). An ice-cold solution of the 
unsaturated compound (45 g.) in carbon disulphide (450 c.c.) was treated with powdered an- 
hydrous aluminium chloride (45 g.), the mixture kept at 0° for 7 hours and decomposed with ice 
and hydrochloric acid, and the product distilled (b. p. 185—190°/22 mm.; 34 g.). Dehydro- 
genation of a specimen of this with selenium at 300° for 24 hours gave a mixture of products 
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from which 2-methoxyphenanthrene was isolated in small yield. The remainder of the cyclised 
material (32 g.) was demethylated by 7 hours’ boiling with concentrated hydrobromic acid 
(48%; 160 c.c.) in acetic acid (400 c.c.). The product (29 g.), b. p. 140—150°/0-6 mm., crystal- 
lised readily and was recrystallised from ligroin, giving 20 g. of material, m. p. 80—85°. This 
phenol was purified through its benzoate, which crystallised from alcohol in colourless fibrous 
needles, m. p. 103-5—104-5° (Found: C, 82-3; H, 7-5. C,,H,.O, requires C, 82-3; H, 7:25%). 
Hydrolysis of this benzoate gave 11-5 g. of 5-hydroxyhydrindene-1-spirocyclohexane (XIII), 
which crystallised from ligroin in colourless needles, m. p. 96—97° (Found: C, 83-1; H, 9-0. 
C,,H,,O requires C, 83-1; H, 9-0%). Its 3: 5-dinitrobenzoate formed almost colourless, slender 
needles, m. p. 146—147° (Found: C, 63-65; H, 5-2. C,,;HO,N, requires C, 63-6; H, 51%). 
The material from the original ligroin liquors from which the crude spirocyclic phenol had been 
isolated was converted into 3: 5-dinitrobenzoates; these consisted mainly of the dinitrobenzoate 
of (XIII), which was the only component which could be isolated. 

5-Methoxyhydrindene-1-spirocyclohexane. The pure crystalline phenol (XIII) was treated 
with an ethereal solution of diazomethane and kept overnight in the refrigerator. The resulting 
methyl ether formed a colourless viscous liquid, b. p. 120°/0-15 mm. (Found: C, 83-0; H, 9-4. 
C,;H,,O0 requires C, 83:3; H, 93%). This did not undergo dehydrogenation when heated with 
platinum-black at 300°, and the pure phenol (XIII) was subsequently recovered by demethyl- 
ation with hydrobromic acid in acetic acid. 
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41. The Use of Monolayer Measurements for determining Structures 
in Aqueous Media. The Ester and the Triazo-group. 


By A. E. ALEXANDER. 


The study of monolayers of long-chain esters and of a-triazopalmitic acid has 
shown that both the ester and the triazo-group, which normally exist in a resonating 
state, lose this resonance on immersion in water and revert to one definite form. With 

O 
the former it is to the classical structure RE Fal with practically free rotation 
O 


about the C—O bond, and with the latter, to the co-ordinated form —N <—N=N. 


THE usual methods of determining the structure of an organic compound, e.g., by X-ray 
or electron diffraction, spectra, dipole moments, etc., are carried out in the solid or the 
gaseous state, on in non-polar solvents, but it would appear from the examples given below 
that the structure thus deduced may be very different from that in an aqueous medium. 
From a study of monolayers, particularly of the change in phase-boundary potential 
brought about by spreading a monolayer upon a clean water surface, it is possible to obtain 
some insight into the orientation and structure of the polar head-group as it actually exists 
when immersed in water. This would be difficult, if not impossible, by most other methods, 
and is obviously of importance for understanding the reactions of organic compounds in 
aqueous solution, since the reactivity may be profoundly affected by any changes in the 
electronic structure. 

The methods used for the simultaneous force—area and potential—area measurements 
were those usually employed in this laboratory (see, ¢.g., Gee and Rideal, Proc. Roy. Soc., 
1935, A, 153, 116), and need no further elaboration. 

The Ester Group.—From the comparison of the experimental dipole moments with those 
calculated for the czs- (I) and the ¢rans- (II) positions, it was shown originally by Eucken 
and Meyer (Phystkal. Z., 1929, 30, 397), and recently confirmed by Sutton and Marsden 

N 
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(J., 1936, 1383), that in non-polar solvents the ester group exists solely in the ¢vans-position, 
the locking in this position being practically complete as shown by the temperature 
independence of the moment. Sturtevant (J. Amer. Chem. Soc., 1935, 55, 4478) showed 


that the electrostatic forces between the polar groups were insufficient to account for this 
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complete rigidity, so Zahn (Trans. Faraday Soc., 1934, 30, 804) and Sutton (cbid., p. 789) 
suggested that it was due to resonance of the classical structure (ITI) with an excited one 
(IV), the C-O bond having in part the character of a double bond and so preventing the 
rotation. This has been confirmed by Sutton and Marsden (loc. cit.), and the associated 
energy barrier calculated to be of the order 5,500—7,500 cals. /g.-mol. 
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(1) FA, a-bromostearic acid. (4) pn, a-bromostearic acid. 
(2) F-A, a-triazopalmitic acid. (5) pn, a-triazopalmitic acid. 
(3) F-A, a-methylpalmitic acid. (6) pn, a-methylpalmitic acid. 
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The F-A and AV—A measurements for the various types of esters when spread as mono- 
layers on water have been given in detail by Alexander and Schulman (Proc. Roy. Soc., 
1937, A, 161, 115), who have shown that the configuration of the component dipoles in the 
ester group can be found with some accuracy from the values of the apparent moment. 
Six different configurations were identified in this way for esters of various types (from 
long-chain acid and short-chain alcohol, from short-chain acid and long-chain alcohol, and 
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from long-chain acid and long-chain alcohol), and the structures were in agreement with the 
accessibility of the ester group as shown by its rate of hydrolysis on alkaline solutions. 

A reference to these structures (Alexander and Schulman, /oc. cit., p. 125) shows that in 
the expanded films it was always the cis- and not the ¢vans-form which appeared (loc. cit., 
Table III, Figs. I and V), and in the condensed state either form was possible [cf. ethyl 
stearate and cetyl palmitate (loc. cit., Table III, Figs. II and IV), which were trans, with 
octadecyl acetate and condensed cetyl propionate (loc. cit., Table III, Figs. III and VI), 
which were cis]. Now the ester, despite its having been thrown on the surface in the trans- 
form (since the spreading solution was light petroleum), had been completely changed into 
the cis-form in the shortest time in which measurements could be taken (+20 secs.). This 
change, involving as it does rotation about the C—O bond, would suggest that the associated 
energy barrier is very small, certainly not more than a few hundred cals./g.-mol., as com- 
pared with the original value of some 5,500—7,500. This would agree with the value of 
ca. 400 cals. /g.-mol. suggested by Sutton and Marsden (loc. cit.) for rotation about the C—O 
bond in the classical structure for the ester group. Hence, it would appear that immersion 
of the ester group in the polar aqueous medium has destroyed the resonance and with it 
the large associated energy barrier, since for long-chain esters at the air—water interface 
both cis- and trans-forms can exist, depending merely on the constitution of the ester and 
on the film pressure. 

One very interesting application of this conclusion is in connexion with the structure 
of triglycerides in the solid state. From their X-ray and thermal investigation, Clarkson 
and Malkin (J., 1934, 666) concluded that in the crystal the central long chain is orientated 
in the opposite direction to the terminal ones, a simple representation being —|__, but 
the great objection to this was, as they pointed out, the definitely known similar orientation 
of all three in monolayers (Adam, Proc. Roy. Soc., 1922, A, 101, 452). The discrepancy is 
readily explicable when models of the two orientations are examined (see idem, ibid., p. 667), 
since these show that for the opposite alignment postulated in the crystal, all ester groups 
are in the ¢vans-position, whereas similar orientation of the long chains requires the central 
one to be cis (in the most favourable configuration). The inference is obvious—in the 
crystal the energy barrier due to resonance permits only the ¢rans-form and hence only 
opposite alignment, whereas on water, loss of resonance occurs, permitting easy trans- 
formation into the cis-form with all three chains aligned together. 

The Triazo-group.—The diffraction of electrons by methyl azide vapour (Brockway and 
Pauling, Proc. Nat. Acad. Sci., 1933, 19, 860) could not be reconciled with the then generally 
accepted ring structure of the triazo-group, but indicated a linear structure with resonance 


+ - - + 
between the forms —N—N=N and —N<-N=N [denoted in future by the (a) 
and the (b) form respectively], a view which was later confirmed by the X-ray measure- 
ments of crystalline cyanuric azide (Knaggs, Proc. Roy. Soc., 1935, A, 150, 576). Measure- 
ments on monolayers of «-triazopalmitic acid support the linear structure, and in addition 
indicate that in an aqueous medium resonance is no longer possible, the triazo-group 
existing solely in the (6) form. 

The F—A and AV-A characteristics of «-triazopalmitic acid, C,,H.*CH(N;)-CO,H, 
were determined by the usual methods on several aqueous substrates, and compared with 
those given by the closely related a-methylpalmitic * and a-bromostearic acids. The 
substrates employed were 0-01N-sulphuric acid, a phosphate buffer pg 7-2 (Clark, ‘‘ The 
Determination of Hydrogen Ions,” 1928, p. 200), and tap-water (Jy 8-0, containing ca. 
2 x 10° m-calcium as bicarbonate). 

At pg 2 the films were of the liquid-expanded type with a limiting area of 44 a.? (at 21°), 
and could be compressed to about 27 a.* (F = 36 dynes/cm.), whereat a slow collapse set 
in. The tap-water substrate gave a very similar behaviour, with a limiting area of 41 a.? 
(t.e., a slight condensation), but at Pq 7-2 the films were of the vapour-expanded type and 
were very much less stable. As measured by the movement of talc powder, the films were 
liquid at all compressions, even on the tap-water substrate. The figure, which gives the 
F-A curves of a-bromostearic and a-methyl- and «-triazo-palmitic acids obtained on 


* This and other similar branched-chain acids are being studied by Dr. Stenhagen in this laboratory. 
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0-01N-sulphuric acid at room temperature (20—21°) shows that the «-triazo-compound 
(i) was easily the most stable of the three, despite its smaller chain length, (ii) could be 
compressed to smaller areas, (iii) had a smaller limiting area than the a-methyl compound 
(44 as against 53 a.*), (iv) gave an extrapolated area at zero pressure of ca. 36 A.” as 
compared with ca. 40 a.* given by the a-methy] acid. ’ 

From the known parachors of compounds containing the triazo-, the bromo- and the 
methyl group it is possible to compare approximately the cross-sections of these three 
radicals, it being assumed that they are Spherical. Sugden (‘‘ The Parachor and Valency,” 
1930, p. 36) gives 55-8 for —CH, and 68-0 for —Br, and Lindemann and Thiele (Ber., 1928, 
61, 1529) give 77-2 for —N,. On the above assumption, their cross-sections should be 
proportional to 14-6, 16-7, and 18-2 respectively, #.e., the effective cross-section of the 
triazo-group should be some 25% and 9% greater than the methyl- and the bromo-group 
respectively. Hence, for the analogous compounds a-methyl- and «-triazo-palmitic acids, 
the latter should have considerably the larger molecular area, whereas, in fact, the reverse 
was the case, the «-triazo-acid being compressible to even smaller areas than the «-bromo- 
stearic acid despite its shorter chain-length. Even if an abnormally high coefficient of 


compressibility be assumed for the —n<h ring system, an assumption for which there 


seems no justification, the small molecular area occupied on the water surface requires 
some structure permitting a much closer packing. This condition can readily be seen from 
a model to be fulfilled by a linear structure of the three nitrogen atoms inclined at an angle 
of about 120° to the C‘-N bond. (Brockway and Pauling, Joc. cit., found a value of 135° + 
15° for this angle.) 

The surface-potential measurements, which in the figure are given as the variation of 
the vertical component of the apparent dipole moment (yz) as a function of the surface 
concentration (”), provided further support for this linear structure. An examination of 
these u—” curves revealed that (i) the moment of the «-methylpalmitic acid was practically 
identical with that of the unsubstituted acids (ca. 210 milli-Debyes), and after an initial 
small increase decreased on compression; (ii) the moment of the «-bromostearic acid was 
higher than that of the unsubstituted acid and decreased markedly on compression ; (iii) 
the moment of «-triazopalmitic acid was only about one-half of that of the a-methyl or 
the unsubstituted acids, and increased by about 20% on compression. 

The increase in apparent moment by the substitution of an «-bromine atom is readily 
explicable on the basis of a previously suggested configuration (Alexander, J., 1938, 729), 
but not so easily understood is the very pronounced effect in the opposite direction brought 
about by the «-triazo-group, since both produce a practically identical change in the dis- 
sociation constant of the m-fatty acids (cf. values of K,: «-triazopropionic acid, 0-9 x 10°; 
a-bromopropionic acid, 1-1 x i0-°; propionic acid, 1-4 x 10°). On a pq 7-2 substrate 
the moments were again very different, at an area of 36 A.? that of the «-bromo-acid being 
160 milli-Debyes and that of the «-triazo-acid 30, suggesting that the difference was due 
directly to the «-substituted groups and not at all to the carboxyl. 

It has been shown by Sidgwick (‘‘ The Covalent Link in Chemistry,”’ 1933, p. 195) that 
in non-polar solvents, whereas the moment of the CN, link is about 1-5 D., yet the 
contribution from the links inside the N, group itself is very small, a fact which is explained 
by the resonance of the two linear forms (a) and (b) given above. Since the moment of 
the CBr link (1-6 D.) is practically identical both in magnitude and in direction with 
that of the C=*N,.link, very similar surface moments of the «-bromo- and the «-triazo- 
acid would have been expected, especially as their parachors do not differ much (see above). 
The pronounced difference found experimentally is much too great to be explicable on the 
basis of the C=*=N, moment alone, since several objections can be raised against the 
only possible structure which might possess such a low moment as 100 milli-Debyes at 
fu 2. Insucha structure (V) the decrease in the moment should be of the same magnitude 
as the increase brought about by the «-bromine substitution (i.e., ca. 60 milli-Debyes), 
which is not nearly sufficient (the actual difference being ca. 110 milli-Debyes). In ad- 
dition, and of more importance, is the fact that it involves the removal of the hydrophilic 
triazo-group from the substrate, and also the moment would be expected to decrease very 








[1939] Reactions of Aliphatic Diazo-compounds, etc. 181 


rapidly on compression. The solution must therefore be sought in some internal change 
in the triazo-group itself, and the only plausible explanation seems to be that immersion 
of this group in the water has destroyed the resonance and caused it to revert to either the 
(a) or the (5) co-ordinated type. Such a loss of resonance brought about by immersion in 
an aqueous medium has previously been shown in the case of the ester group. 

Reversion to type (a) being assumed, the configuration on the surface would undoubtedly 
be as shown in (VI), with the dipoles oriented as indicated. This configuration would, 
however, possess a very much higher moment than either the unsubstituted or the «-bromo- 
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acid, on account of the presence of the co-ordinate link, which, in the gas phase, has a 
moment of at least 4 p. (Sidgwick, Trans. Faraday Soc., 1934, 30, 801). The experimental 
evidence definitely rules out this structure, leaving (5) as the only alternative, and suggesting 
that the surface structure is as shown in (VII). It is seen that this possesses the possibility 
of intramolecular electrostatic attractive forces between the carboxyl and the co-ordinated 
nitrogen atoms in the triazo-radical, which would tend to stabilise such a configuration. 
Squeezing the triazo- and the carboxyl groups together, as would occur on compression, 
can easily be seen to bring about an increase in the moment, although the total vertical 
moment will be less than in the unsubstituted acids. It is quite impossible to calculate 
the resultant vertical moment of this structure, since we have no knowledge of the moment 
of the C-N, link or of those links in the triazo-radical when resonance is no longer possible, 
but a low value would be expected owing to the opposition between the carboxyl group 
and the co-ordinate link in the triazo-group. 

Sidgwick (loc. cit., 1934) has attempted to calculate the energy of the two forms (a) 
and (6), the difference of which cannot be very great if resonance is possible, but the assump- 
tions which have to be introduced make it impossible to state which is really the form with 
the lower energy. The fact that transition to the (6) form occurs in an aqueous medium 
does, however, definitely point to this as being the more stable form. 

Considering all the arguments which have been put forward, it appears that these 
monolayer measurements upon «-triazopalmitic acid are completely incompatible with a 
ring structure for the triazo-group, but are in accord with a linear one having the structure 


- = 
—N<-N=N. Hence it can be concluded that, in the case of the ester and the triazo- 
group which exist in a resonating form in non-polar solvents, immersion in water brings 
about a loss of resonance and reversion to one definite form : with the former to the classical 
structure (III), with practically completely free rotation about the C—O bond, and with the 
latter to the co-ordinated form —N<-N=N. 


Thanks are due to the Ramsay Memorial Fellowship Trust for financial aid, to Professor 
N. K. Adam for a gift of «-triazopalmitic acid, and to Professor E. K. Rideal for many helpful 


discussions. 
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42. Reactions of Aliphatic Diazo-compounds with Carbonyl Derivatives. 
By Donatp W. ADAMSON and J. KENNER. 


The action of aliphatic diazo-compounds (either in the free condition or nascent 
from the corresponding nitroso-derivatives) on carbonyl compounds has been studied, 
and applied in particular to the preparation of numerous alkyl derivatives of cyclo- 
heptanone and cyclooctanone. Moreover, the introduction of a side chain carrying a 
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group available for further reaction is also shown to be possible by this method. 2-8- 
Carbethoxybutylcycloheptanone has thus been prepared. 


Tue facility with which aliphatic diazo-compounds are now available * renders the extended 
study of their reactions correspondingly feasible. In this large field of work, we have given 
first place to reactions with carbonyl compounds, on account of the immediate value of the 
results. 

The original discovery by Buchner and Curtius that ethyl benzoylacetate and ethyl 
trichloroacetoacetate were respectively formed by the action of benzaldehyde and of 
chloral on ethyl diazoacetate (Ber., 1885, 18, 2371) was not extended for several years, 

Ph-CHO + CHN,°CO,Et —> Ph-CO-CH,°CO,Et + N, 
CCl,-CHO + CHN,*CO,Et —> CCl,°CO-CH,°CO,Et + N, 
probably owing to the comparatively low reactivity of the diazo-compound. Diazomethane 
having become available, however, Schlotterbeck was able to prepare methyl ketones from 
heptaldehyde and isovaleraldehyde (Ber., 1907, 40, 479; 1909, 42, 2559, 2565). The 
homologues of diazomethane are still more reactive (J., 1937, 1552), and accordingly almost 
quantitative yields of propio-, butyro-, and valero-phenones respectively have now been 
obtained from benzaldehyde and ethereal solutions of the appropriate diazo-compounds. 

Owing to their lower reactivity in comparison with aldehydes, ketones were not brought 
within the scope of this type of reaction until Meerwein and Burneleit (Ber., 1928, 61, 1840; 
Meerwein, Bersin, and Burneleit, ibid., 1929, 62, 999) adopted the device of adding water 
or alcohol in order to accentuate the dipolar condition of the carbonyl group. About the 
same time Mosettig, after performing the alkylation of piperonal by diazomethane, observed 
that some piperonylacetone accompanied the desired acetopiperone (Ber., 1928, 61, 1391), 
and later (Monatsh., 1929, 58 and 54, 427) connected the further alkylation with the presence 
of methyl alcohol in the reacting medium. Under such conditions, the reaction between 
diazomethane and a ketone yields a mixture of ketone and ethylenic oxide—a result which 
Meerwein and Burneleit (/oc. cit., p. 1841) expressed by the scheme (compare also Bradley 
and Robinson, J., 1928, 1314) : 


CH CH. O— 
CHI>CO + CH.N, —> cy>C<cy— — (CHC 
NCH,CO-CH,’CH, 

This formulation indicates that oxide formation will be diminished by such an anionoid 
character of R and R? as, on the one hand, will not unduly weaken the reactivity of the 
carbonyl group and, on the other, will facilitate migration by adapting them to satisfy the 
electronic demand of the methylene group. By contrast, as Arndt and Amende found, 
groups which enhance reactivity of the carbonyl group conduce to oxide formation (Ber., 


1928, 61,1122). Itisin accordance with this that w-chloroacetophenone and diazomethane 
rapidly furnish an éxcellent yield of «-phenyl-a-chloromethylethylene oxide : 


Ph-CO-CH,Cl + CH,N, —> Ph-C-CH,Cl + N, 
O 


Hy, 

As Meerwein and his collaborators pointed out (loc. cit.), ether restrains the activity of 
diazomethane. It may therefore on occasion be of value to use the free diazo-compounds, 
and in this connection we have studied the ethylation of aqueous acetone by free diazo- 
ethane. The reaction was rapid at —10° and followed the normal course with formation 
of methyl isopropyl ketone and a«$-trimethylethylene oxide (following Meerwein, this and 
all other oxidic products have been isolated in the form of the corresponding glycol) : 


Me,CO —-> Me-CO-CHMe, + se 


* Owen, Ramage, and Simonsen prefer nitrosomethylurea as a source of diazomethane (J., 1938, 
1212). Whereas, however, the instability of this nitroso-derivative is well known (compare, for example, 
Lipp, Buchkremer, and Seeles, Annalen, 1932, 499, 23, footnote), those derived from mesityl oxide can 
be kept for years. Mesityl oxide, methylamine, and its homologues are readily available. 
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There was also evidence of some further ethylation of the ketone, just as diethyl and 
methyl propyl ketones were detected among the products from diazomethane and acetone 
(Meerwein and Burneleit, Joc. cit.). This is also exemplified in the production of cyclo- 
octanone, as well as cycloheptanone and pentamethylene-ethylene oxide (I) from cyclo- 
hexanone (Mosettig and Burger, J. Amer. Chem. Soc., 1930, 52, 3456; Schering-Kahlbaum 
A.G., D.R.-P. 579,309) : 


H 
_ J Ha to 
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In this instance, however, we have found that cyclooctanone formation is almost com- 
pletely suppressed by using only a slight excess of diazomethane over that theoretically 
requisite. 

cycloOctanone together with hexamethylene-ethylene oxide (II) is in turn obtainable 
in fair yield from cycloheptanone, and readily separated from unchanged ketone by its 
indifference towards sodium bisulphite. This also serves as an indication, which experi- 
ment confirms, that cyclooctanone will not be attacked by diazomethane. It would be a 
mistake to connect this result with the extraordinary difficulty in synthesising cyclonona- 
none (Ruzicka, Brugger, Pfeiffer, Schinz, and Stoll, Helv. Chim. Acta, 1926, 9,499; Ziegler 
and Aurnhammer, Annalen, 1934, 518, 43), because, as the scheme shows, the methods of 
ring enlargement by hydrazoic acid (Schmidt, Ber., 1924, 57, 704; Ruzicka, Goldberg, 
Hiirbin, and Boekenoogen, Helv. Chim. Acta, 1933, 16, 1323) or by Caro’s acid (Baeyer and 
Villiger, Ber., 1899, 32, 3625) are clearly analogous : 


[CH,],cCO ——> (IV) [CH,], a tN 


[CH,],cO ——$ (v) a 


Similarly Ruzicka and Brugger obtained cyclononanol from cyclooctylmethylamine 
nitrite (VI) (Helv. Chim. Acta, 1926, 9, 399) : 


VI. CH, 
(VI) [CH,],CH-CHyNH,,HNO, —> [CH<U 


It is thus evident that the method of ring odin constitutes the best approach to the 
cyclononane and cyclodecane series. Stimulation of the carbonyl group by proton, on which 
the successful production of (IV) and (V) depends, is however clearly not permissible in 
presence of diazo-compounds, and, as we have found, this restriction is not compensated 
by use of a more reactive diazo-compound. Thus diazoethane also has no action on cyclo- 
octanone under the conditions we have employed. 

Our further experiments with carbonyl compounds have been designed as preparatory 
to the systematic development of the chemistry of derivatives of the cyclic ketones. Thus, 
from cyclohexanone, 2-methyl- as well as 2-n-heptyl-cycloheptanone was readily prepared, 
accompanied by small proportions of ethylene oxide derivatives. The 2-alkyl derivatives 
of cyclic ketones are recognised to be almost inert towards such ketonic reagents as hydrogen 
cyanide. This naturally applies also to sodium bisulphite and permits their separation by 
its means from any unalkylated ketone remaining from the above reactions. On the other 
hand, semicarbazone formation can be carried out, though slowly, and permits the further 
purification of the 2-alkyl derivatives. Since, further, the reactivity of these ketones 
towards diazo-compounds is almost negligible under ordinary conditions, there is no com- 
plication owing to formation of cyclooctanone derivatives. Very satisfactory results 
were also obtained by use of 4-methyl-, 4-ethyl-, 3 : 5-dimethyl-, and 4-methoxy-cyclohexa- 
nones, 
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The difficulty of alkylating 2-methylcyclohexanone was overcome by using Meerwein’s 
device of treating the ketone with nitrosomethylurethane in alcoholic solution in presence 
of potassium carbonate (Schering-Kahlbaum A.G., loc. cit.), whereby a mixture of 2- and 
3-methyleycloheptanones, separable by sodium bisulphite, was obtained in 37% yield, 
together with an equal quantity of ethylene oxide derivative : 


CHMe HMe 
[CHC Bio <— [hig (oH. cis 


The 2-derivative is, of course, more conveniently prepared from diazoethane (or nitroso- 
ethylurethane) and cyclohexanone, but the 3-isomeride is not otherwise easily available in 
the pure condition, since, for example, 3-methylcyclohexanone and diazomethane furnish a 
mixture—obviously of 3- and 4-methylcycloheptanones. The latter, however, being acces- 
sible from 4-methylcyclohexanone, the three possible methylcycloheptanones have now been 
isolated. Surprisingly, cyclopentanone furnished comparatively poor results with diazo- 
ethane. 

Meerwein’s procedure is further applicable to the higher urethanes, and in our experi- 
ence, apart from the above instance, furnishes the same results as the free diazo-compounds. 
Our nitrosoalkylamino-ketones may naturally also be used in place of the urethanes, but 
the liability to formation of pyrazoline derivatives from mesityl oxide (J., 1937, 1551) may 
be a disadvantage in isolating the desired products. 

The general trend of our results is to indicate that the greater anionoid reactivity of the 
homologues of diazoethane corresponds to a proportionately greater yield of ketones as 
compared with oxide. 

A most important further extension of the general reaction we have here exploited would 
obviously be achieved if, in place of simple alkyl groups, others containing a reactive centre 
could be introduced into carbonyl compounds. This also we have successfully accom- 
plished in the first case selected, namely, that of the 8-carbethoxybutyl group. cyclo- 
Hexanone was successively converted into ¢-leucinelactam, e-carboxy-v-amylamine hydro- 
chloride, e-carbethoxy-n-amylamine, and the corresponding nitrosourethane. The last 
reacted with cyclohexanone under Meerwein’s conditions, yielding 2-8-carbethoxybutylcyclo- 
heptanone (VII), characterised by its 2 : 4-dinitrophenylhydrazone and visccus oxime and 
by the semicarbazone of the free acid : 

[CH,],CO + EtO,C-N(NO)-[CH,],-CO,Et —> [CH] —e 

It remains to draw attention to the indications of stereoisomerism among the semi- 
carbazones of several of the ketones now described. Whereas those prepared from cyclo- 
heptanone and its various 4-substituted derivatives at once exhibited sharp melting points, 
2-alkyl derivatives furnished products which melted indefinitely and required repeated 
crystallisation for purification. The matter was examined in detail in the case of 2-methyl- 
cycloheptanone. At the ordinary temperature a derivative, m. p. 177—178-5° after purifi- 
cation, was obtained, and at 60° an isomer, m. p. 134-5—136°, was formed. The ketone 
regenerated from each afforded the other isomer under the appropriate conditions and the 
same 2 : 4-dinitrophenylhydrazone, m. p. 1022—111°. The range of this melting point was 
much diminished (121—122°) by repeated crystallisation and was perhaps also an indication 
of the existence of isomeric forms. Such indications were noted in a number of instances. 
Stereoisomeric semicarbazones of cyclic ketones have previously been observed by Wallach 
in the cases of «-and $-thujones (Amnalen, 1904, 336, 247), csothujone and carvenone (Ber., 
1895, 28, 1955), and by Rupe and Dorschky in the case of d-carvone (Ber., 1906, 39, 2112). 


(VII.) 


EXPERIMENTAL. 


A. Action of Diazo-derivatives on Benzaldehyde.—(1) A solution of diazoethane (7-1 g., 
from 40 g. of crude nitrosoethyldiacetoneamine) in dry ether (1300 c.c.) was added to a solution 
of benzaldehyde (10-6 g.) in a small volume of ether, cooled in ice. When nitrogen evolution 
had ceased (24 hours), ether and the excess of diazoethane were removed by distillation, and the 
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colourless residue shaken with sulphuric acid (0-1%; 60 c.c.) for 8 hours. After neutralisation 
with n/20-barium hydroxide, steam distillation, extraction with ether, and drying over sodium 
sulphate, the product was recovered by evaporation and shaken with saturated sodium bisul- 
phite solution for 5 hours. The unchanged oil, separated in the usual manner, yielded propio- 
phenone (12-6 g:), b. p. 100—100-5°/24 mm., m. p. 17-5—19°. Its semicarbazone, m. p.180— 
180-5°, did not depress the m. p. of a sample from the authentic ketone. 

(2) Diazo-n-propane (4-3 g., from 23 g. of crude nitroso-n-propyldiacetoneamine) in dry 
ether (1400 c.c.) and benzaldehyde (6-0 g.) after 48 hours yielded butyrophenone (7-5 g.), b. p. 
111—112°/24 mm.; semicarbazone, m. p. 190—190-5°. 

(3) Diazo-n-butane (2-5 g.), in dry ether (35 c.c.) and benzaldehyde (3-5 g.), after 2 hours, 
yielded valerophenone (4-8 g.), b. p. 129—131°/23 mm.; semicarbazone, m. p. 166-5°. 

B. Action of Diazo-derivatives on Ketones.—(1) Acetone. Dry gaseous diazoethane (0-05 g.- 
mol. from 0-1 g.-mol. of nitrosoethyldiacetoneamine) was passed into a mixture of acetone 
(0-14 g.-mol.) and water (2 g.) at —50° in the receiver D (J., 1937, 1555). Rapid evolution of 
nitrogen occurred when the temperature was allowed to rise to — 10°, and decolorisation occurred 
after 2—3 minutes. The mixture having been cooled again to — 50°, the process was repeated 
with a similar quantity of diazoethane. This time, the maximum temperature was 0° and the 
mixture separated into two layers. Following on a third and similar additions of diazoethane, 
decolorisation was complete after 5 hours at —10°. The product, having been shaken for 14 
hours with 0-1% sulphuric acid (50 c.c.) and neutralised with barium hydroxide, was distilled 
under atmospheric pressure until the residue amounted to only 25 c.c. (R). Saturation of the 
distillate with potassium carbonate caused separation of an oil (9-2 g.), from which, after its 
ethereal solution had been dried with potassium carbonate, the following fractions were 
obtained : (1) 0-85 g., b. p. 72-—-87°; (2) 1-15 g., b. p. 87—93°; (3) 3-4g., b. p. 93—96-5°; (4) 
1-9 g., b. p. 96-5—97-5°; (5) 0-4 g., b. p. 97-5—125°; (6) 1-0 g., b. p. 125—165°. On redistil- 
lation, fractions (2), (3), and (4) yielded methyl isopropyl ketone (4-5 g.), b. p. 94—95-5° (Clarke, 
J. Amer. Chem. Soc., 1911, 33, 528, gives 95—95-3°), of which the semicarbazone, m. p. 113-5— 
114-5°, did not ‘depress the m. p. of an authentic specimen. Fraction (6), after being shaken 
with water to remove any glycol, dried, and redistilled, furnished a few drops of ketonic material, 
b. p. 135—145° (semicarbazone, m. p. 104—108° after recrystallisation from light petroleum, 
b. p. 40—60°, which depressed the m. p. of the above semicarbazone). From the residue (R), 
trimethylethylene glycol (1-15 g.), b. p. 85°/26 mm., 177-5—178-5°/750 mm. (Henry, Compt. 
vend., 1907, 144, 1404, gives 177—-178°), was obtained (Found: C, 57:3; H, 11-3. Calc. for 
C,H,,0,: C, 57-7; H, 11-6%). 

(2) «-Chloroacetophenone. The ketone (3-1 g.) in dry ether (20 c.c.) and methyl alcohol 
(20 c.c.) was treated with diazomethane (1-05 g.) in dry ether (100 c.c.). After 12 hours, a non- 
lachrymatory, non-ketonic oil (3-0 g.), b. p. 185—137°/17 mm., was isolated : it was deemed to 
be a-phenyl-a-chloromethylethylene oxide (Found: Cl, 20-9. C,H,OCl requires Cl, 21-1%). 

(3) cycloHexanone. (a) The action of free diazomethane on this ketone has already been 
studied (Mosettig and Biirger, loc. cit.; Robinson and Smith, J., 1937, 372). cycloHeptanone 
was, however, more conveniently prepared on the lines of D.R.-P. 579,309 by adding nitroso- 
methylurethane (69 g.) in the course of 2 days to a well-stirred ice-cooled mixture of cyclo- 
hexanone (49 g.), absolute alcohol (100 c.c.), and anhydrous potassium carbonate (5 g.). About 
11 1. of nitrogen having been evolved, the liquid was filtered and shaken with saturated sodium 
bisulphite solution for 12 hours. Suberone (22-3 g.), b. p. 178—179° (semicarbazone, m. p. 162-5 
—163-5°), was thus obtained. The material inert to bisulphite was similar to that obtained by 
the workers mentioned. After being shaken for 12 hours with 0-5% sulphuric acid and frac- 
tionated at 25 mm., it furnished 1-hydroxymethyl-1-cyclohexanol (15 g.), m. p. 75—75-5°, together 
with impure cyclooctanone (4-8 g.). Suberone (34 g.) was also obtained by using nitrosomethy]l- 
diacetoneamine (100 g.), absolute alcohol (110 c.c.), and anhydrous potassium carbonate (27 g.) 
and maintaining the temperature below 30° for 5 days. The presence of pyrazoline derivative, 
however, was obstructive to the isolation of the glycol. 

(b) The product from cyclohexanone (33 g.) and nitrosoethylurethane * (1-05 g.-mol.), 
isolated after treatment with dilute sulphuric acid,f was resolved into the following fractions 


* A preliminary account of the action of diazoethane on cyclohexanone has been published by 
Giraitis and Bullock (J. Amer. Chem. Soc., 1937, 59, 951), but this reaction and the greater part of the 
work now described had been embodied in 4 thesis by one of us in November, 1936. 

+ In this and succeeding instances of the use of nitrosoalkylurethanes, the procedure corresponded 
to that detailed later for the case of 4-methylcyclohexanone and nitrosomethylurethane. This technique 
is the most satisfactory, but other instances had been studied before it was evolved. 
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at 22—-23 mm. pressure : (1) 5-2 g., b. p. 55—70°; (2) 28.8 g., b. p. 70—79°; (3) 1-3g., b. p. 79— 
125°; (4) 4-6 g., b. p. 125—158°, a small tarry residue being left. From (1), (2), and (3), cyclo- 
hexanone (1-0 g.) was removed by sodium bisulphite, and fractionation under ordinary pressure 
then yielded (1) 1-6 g., b. p. to 170°; (2) 2-7 g., b. p. 170—180°; (3) 17-5 g., b. p. 180—186°; 
(4) 8-3g., b. p. 186—190°; (5) residue, 16g. From (2) and (3), 2-methylcycloheptanone (16-5 g., 
b. p. 186—189°) was isolated. Alternatively, the entire original product, after acid treatment 
(29-5 g., b. p. 170—192°), yielded a semicarbazone (29 g.), from which the ketone, b. p. 187— 
187-5°, was recovered (Godchot and Cauquil, Compt. rend., 1929, 188, 794, found 185—186°) 
(Found: C, 76-1; H, 10-9. Calc. for CgH,,0: C, 76-2; H, 11-1%). Similar results were 
obtained by use of ethereal diazoethane or of nitrosoethyldiacetoneamine. 

The semicarbazone was obtained in two, presumably stereoisomeric, forms. Prepared at 
60°, in presence of sufficient methyl alcohol for homogeneity, the crude material obtained after 
5 days melted at 122—125°, and after four recrystallisations from light petroleum (b. p. 40—60°), 
at 134-5—136° (Found: N, 23-1. Calc. for C,H,,ON,: N, 23-0%). Atthe ordinary temperature 
a product, m. p. 164—168°, resulted after 5 days, and after four recrystallisations from methyl 
alcohol melted at 177—178°5° (Found: N, 23-4%). The semicarbazone, m. p. 176—177°, of 
acetylcyclohexane (b. p. 180—181°) (Nenitzescu and Cioranescu, Ber., 1936, 69, 1820) depressed 
the m. p. of the product now described to 143—153°. A mixture of the two semicarbazones 
derived from diazoethane melted at 118—153°, and the ketone regenerated from each form was 
convertible into the other form under the appropriate conditions. Godchot and Cauquil (Joc. 
cit.) and Wallach (Annalen, 1906, 345, 146) record m. p. 117—118° and 129—131° respectively. 
The ketone from each form afforded the same 2 : 4-dinitrophenylhydrazone, m. p. 121—122° 
after repeated crystallisation from alcohol (Found: N, 18-1. C,,H,,0,N, requires N, 18-3%). 
Again, the oxime, b. p. 127°/22 mm. (Godchot and Cauquil, Joc. cit., record 126°/16 mm.), was 
converted into its phenylurethane, m. p. 97—100° after crystallisation from light petroleum 
(Found: N, 11-1. Calc. for C,;sH,,0,N,: N, 10-8%) (Godchot and Cauquil record 96—97°) ; 
the m. p. was raised to 125—127° after three further crystallisations. 

(c) The nitrosation of n-octylurethane, b. p. 152—155°/19 mm. (Found: N, 7-0. C,,H,,;0,N 
requires N, 7-0%), was performed in the usual manner, but the nitroso-derivative could not be 
distilled under 0-5 mm. pressure without decomposition. The crude material (43 g.) and 
cyclohexanone (19 g.) furnished a product, from which, after the usual treatment, the following 
fractions were obtained at 20 mm. pressure: (1) at 75—135°, 0-9 g.; (2) b. p. 135—145°, 2-0 g.; 
(3) b. p. 145—150°, 1-9 g.; (4) b. p. 150—156°, 22-2 g.; (5) b. p. 156—160°, 3-7 g.; (6) b. p 
160—210°, 2-5 g.; residue, 15 g. 2-n-Heptylcycloheptanone (20-3 g.), further purified by 
redistillation of fraction (4), boiled at 153—157°/21 mm.; a solid semicarbazone was not isolated 
even after 8 weeks under the usual conditions, but a very viscous colourless oxime (7-8 g.), b. p. 
145—148°/0-8 mm. (Found: N, 6-0. C,,H,,ON requires N, 6-2%), was obtained. from the 
ketone (9 g.). It did not afford a solid phenylurethane, but from the ketone, b. p. 174—178°/ 
32 mm. (Found: C, 79-5; H, 12-4. C,,H,,O requires C, 80-0; H, 12-4%), regenerated by 
oxalic acid, a 2: 4-dinitrophenylhydvazone was prepared, m. p. 54—60°, and 65° after four re- 
crystallisations from ethyl alcohol (Found: N, 14-1. C, 9H,9O,N, requires N, 14-4%). 

(d) e-Leucinelactam (Schmidt, Ber., 1924, 57, 704; 1925, 58, 2413; E.P. 331,947) was con- 
verted into e-aminohexoic acid hydrochloride (compare ‘‘ Organic Syntheses,” XVII, 7), from 
which the ethyl ester, b. p. 105°/18 mm., was prepared. The corresponding urethane, b. p. 
185°/20 mm. (Found: N, 6-3. C,,H,,0,N requires N, 6-1%), furnished a nitroso-derivative, 
which could not be distilled under 0-5 mm. pressure without decomposition. The crude 
material (13 g.) and cyclohexanone (5 g.) under the usual conditions finally yielded a product, 
from which the following fractions were obtained : (1) 1-05 g., b. p. 75—175°/25 mm. ; (2) 6-7 g., 
b. p. 145—150°/0-7 mm.; (3) 1-6 g., b. p. 150—200°/0-7 mf leaving a deep red, tarry residue 
(1-4 g.). 2-8-Carbethoxybutylcycloheptanone (6-1 g.), b. p. 144—148°/0-7 mm. (Found: C, 69-2; 
H, 9-7. C,,H,,O, requires C, 70-0; H, 10-0%), obtained by redistillation of fraction (2), was 
not quite pure; it afforded no solid semicarbazone but a viscous oxime, b. p. 169—174°/0-7 mm. 
(Found: N, 5:3. C,,H,,0,N requires N, 5-5%). Boiling the ketonic ester for 2 hours with 
aqueous sodium hydroxide (10%; 20 c.c.) sufficed for its hydrolysis. The resulting acid (1-3 g.) 
was characterised by a semicarbazone, m. p. 146—152°, from which a uniform product, m. p. 
157—158°, ensued after three recrystallisations from methyl alcohol (Found: C, 58-4; H, 9-0; 
N, 15-5. C,3;H,,0,N, requires C, 58-0; H, 8-6; N, 15-6%). 

(4) 4-Methylcyclohexanone. (a) To a stirred mixture of the ketone (30 g.), absolute alcohol 
(60 c.c.), ether (60 c.c.), and potassium carbonate (6 g.), cooled by ice, nitrosomethylurethane 
(35 g.) was gradually added during 3 days. The theoretical volume of nitrogen having been 
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evolved, the liquid was filtered after the fourth day. Following on removal of ether and alcohol, 
shaking with 0-5% sulphuric acid for 5 days, neutralisation, saturation with ammonium sulphate, 
extraction with ether, and removal of ether and ethyl carbonate, fractionation under 26 mm. 
pressure yielded (1) 2-85 g., b. p. 62—83° (essentially unchanged ketone); (2) 9-95 g., b. p. 83— 
87°; (3) 6-55 g., b. p. 87—90°; (4) 1-6 g., b. p. 90—100°; (5) 1-6 g., b. p. 100O—137°; (6) 7°15 g., 
b. p. 137—142°; residue, 1-6g. From fractions (2), (3), and (4), 4-methylcycloheptanone (14-6 g.), 
b. p. 84:5°/25 mm., 194-5°/762 mm. (Found: C, 75-7; H, 11-2. C,H,,O requires C, 76-2; H, 
11-1%), was isolated through its bisulphite compound.. Its semicarbazone had m. p. 158—160° 
after two crystallisations from methyl alcohol (Found: C, 59-1; H, 9-1; N, 22-9. C,H,,ON; 
requires C, 59:0; H, 9-3; N, 22-9%). The portion of fractions (2), (3), and (4) inert to 
sodium bisulphite (1-7 g.) had the odour of cyclooctanone, and was presumed to be a mixture of 
the 4- and the 5-methyl derivative. Fraction (6) solidified and separated from light petroleum 
in lustrous plates, m. p. 85:5—86-5° (Found: C, 66-5; H, 10-9. Calc. for CgH,,0,: C, 66-7; 
H, 11-1%). Wallach and Evans (Amnalen, 1906, 347, 346) record 87—-88° as the m. p. of 1- 
hydroxymethy1-4-methylceyclohexanol. 

Ethereal diazomethane afforded similar products. 

(b) The ketone and a 5% excess of nitrosoethylurethane were treated as in the case of cyclo- 
hexanone, and the following fractions finally separated : (1) 7-0 g., b. p. 130—170°; (2) 28-5¢., 
b. p. 170—203°, both under ordinary pressure; (3) 8-0 g., b. p. to 95°; (4) 0-5g., b. p. 95—115° ; 
(5) 3-0 g., b. p. 115—137°, under 20 mm. pressure. From fractions (1), (2), (3), amd (4), the 
original ketone (2-0 g.) was removed by sodium bisulphite, and the residue (30-4 g.) converted 
into its semicarbazone (27-3 g.), m. p. 124—131°. The regenerated ketone boiled at 204°/757 mm. 
(Found: C, 76-8; H, 11-4. C,H,.O requires C, 77-1; H, 114%). Alternatively an essentially 
pure sample of the ketone (19-8 g.), b. p. 201-5—204-5°, was derived from the residue by fraction- 
ation. The semicarbazone just described (Found: N, 21-7. Cy 9H,ON; requires N, 21-4%) 
was apparently a mixture of stereoisomers, since after five recrystallisations from methyl alcohol 
its m. p. was 162-5—164-5° (Found: N, 21-6%). Similarly its 2 : 4-dinitrophenylhydrazone, at 
first sticky, after six recrystallisations from ethyl alcohol, melted at 135—137° (Found: N, 
17-6. Cys;HO,N, requires N, 17-5%). The viscous oxime, b. p. 132°/23 mm. (Found: N, 
9:2. C,H,,ON requires N, 9-0%), did not yield a solid phenylurethane. 

The use of ethereal diazoethane led to similar results. 

(5) 3-Methylcyclohexanone. The fractions derived from this ketone (10 g.) and nitroso- 
methylurethane (5% excess) were: (1) 0-8 g., b. p. 170—187°; (2) 4-4 g., b. p. 188—194°, both 
under atmospheric pressure; (3) 1-3 g., b. p. to 145°; (4) 2-7 g., b. p. 145—155°, both under 
40 mm. pressure; residue, 0-6 g. The semicarbazone from fraction (2) melted over a wide range, 
135—161°, as though derived from a mixture of ketones. Since Wallach and Evans (loc. cit.) 
described 1-hydroxymethyl-3-methylcyclohexanol as an oil, b. p. 150—153°/39 mm., this was 
presumed to be the essential composition of fraction (4). 

(6) 2-Methylcyclohexanone. Ethereal diazomethane was only decolorised after 10 days in 
presence of the ketone, and no cycloheptanone derivative could be isolated from the product. 
When, however, the ketone (38 g.) was treated with nitrosomethylurethane (5% excess), 8°5 1. 
of nitrogen were evolved in 5 days. Fractions were separated as follows: (1) 4-4g., b. p. 140— 
161° (inert to bisulphite, essentially unchanged ketone) ; (2) 4-15 g., b. p. 161—180°; (3) 11-5¢., 
b. p. 180—210°, under ordinary pressure; (4) 2-2 g., to 110°; (5) 2-5g., 110—140°; (6) 12-7 g., 
140—143°, under 28 mm.; residue, 15g. A ketone (3-1 g.), b. p. 188-5—190-5°, was separated 
from fractions (2) and (3) through its bisulphite compound. Although the results of analysis 
were not entirely satisfactory (Found: C, 74-4, 74-1; H, 11-5, 11-4%), the material was evi- 
dently essentially 3-methylcycloheptanone, since it at once yielded a definite semicarbazone, m. p. 
179—181° after crystallisation from benzene (Found: N, 23-1. C,H,,ON, requires N, 23-0%). 
Fractionation of the unreactive material from fractions (2) and (3) furnished (1) 1-95 g., b. p. 
164—184°; (2) 2-5g., b. p. 184—192°; (3) 1-9g., b. p. 192—215°; residue,4g. Froma portion, 
b. p. 187—191°, of the second fraction, a semicarbazone, m. p. 165—169°, was prepared and 
identified with that derived from 2-methylcycloheptanone (from diazoethane and cyclohexanone) 
by direct comparison. The third fraction was probably a mixture of methylcyclooctanone 
derived from 3- -methylcycloheptanone (which would react preferentially to its Scores with 
diazomethane), since the material did not react with semicarbazide. 

The above fraction (6) solidified, and melted at 55—58° after crystallisation ean light 
petroleum (b. p. 40—60°) (Found : C, 66-9; H, 10-9. Calc. for CgH,,0O,: C, 66-7; H, 11-1%). 
Wallach and ‘Beschke found that 1-hydroxymethyl-2-methylcyclohexanol melts at 59—60° 
(Annalen, 1906, 347, 338). 
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(7) 4-Ethylcyclohexanone. (a) The reaction between the ketone (15-5 g.) in methyl alcohol 
(100 c.c.) and diazomethane (5-6 g.) in absolute ether (650 c.c.) was complete after 5 days. After 
removal of alcohol and ether, and treatment with sulphuric acid, fractionation at 20 mm. 
pressure yielded (1) 5-9 g., b. p. 96—100°; (2) 5-2g., b. p. 100—107°; (3) 1-1 g., b. p. 107—120°; 
(4) 0-3 g., b. p. 120—140°; (5) 3-8 g., b. p. 140—148°. 4-Ethylcycloheptanone (9-2 g.), b. p. 
214—215°, was separated from fractions (1), (2), and (3) by means of its bisulphite compound 
(Found: C, 76-7; H, 11-2. C,H,,O requires C, 77-1; H, 11-4%), and at once yielded a semi- 
carbazone, m. p. 125—127°, and 130° after crystallisation from benzene (Found: N, 21:8. 
C,9H,,ON, requires N, 21-4%). The viscous straw-coloured oil (1-2 g.), b. p. 125—129°/0-6 mm., 
was presumed to be essentially 1-hydroxymethyl-4-ethylcyclohexanol. 

(b) The ketone (11-6 g.) and ethereal diazoethane (33% excess) in a similar experiment 
yielded (1) 10-0 g., b. p. 95—100°; (2) 2-1 g., b. p. 100—110°; (3) 0-65 g., 110—135°; (4) l-5g., 
b. p. 135—150°, at 19 mm. Bisulphite treatment removed unchanged ketone (0-2 g.) from 
fractions (1), (2), and (3), and the residual 2-methyl-4-ethylcycloheptanone (11-4 g.) boiled at 
102—106°/26 mm. or 220—224°/754 mm. (Found: C, 78-3; H, 11-4. C, 9H,,O requires C, 
77-9; H,11-7%). Its semicarbazone, obtained after 10 days under low temperature conditions 
(compare 2-methylcycloheptanone), melted at 105—112°, but after four recrystallisations from 
methyl alcohol, at 153-5—154-5° (Found : N, 20-3. C,,H,,ON, requires N, 19-9%). The regene- 
rated ketone boiled at 224—226°/763 mm. The sticky crude 2 : 4-dinitrophenylhydrazone melted 
at 100—102° after five recrystallisations from ethyl alcohol (Found: N, 16-7. C,gH»,0,N, 
requires N, 16-8%). 

(8) 3: 5-Dimethylcyclohexanone. The ketone prepared from the reduction product of m-5- 
xylenol by means of hydrogen and a nickel catalyst at 197—-200° was essentially one substance, 
since the m. p. of its crude semicarbazone was only raised from 196—204° to 200—204° after 
two recrystallisations from methyl alcohol. 

(a) From the ketone (32 g.) and nitrosomethylurethane (5% excess) were obtained (1) 2-2 g., 
b. p. 50—73°; (2) 2-2g., b. p. 73—90°; (3) 18-45 g., b. p. 90—100°; (4) 2-25 g., b. p. 100—135°, 
under 22 mm. pressure; (5) 1-2 g., b. p. to 110°; (6) 7-4g., b. p. 110—112°, under 0-8 mm. pres- 
sure; residue, 2-0 g. The bisulphite-reactive ketone (17-1 g.), b. p. 87—91°/23 mm., from 


fractions (1), (2), and (3) afforded 3 : 5-dimethylcycloheptanone (14-0 g.), b. p. 88-5—90-5°/23 mm., 
from which a single semicarbazone was easily obtained in theoretical yield, m. p. 166-5° after one 


recrystallisation from methyl alcohol (Found: N, 21-8. C,9H,,ON, requires N, 21-4%). The 
regenerated ketone boiled at 205—206°/753 mm. (Found: C, 77-1; H, 11-5. C,H,,O requires 
C, 77-1; H, 11-4%). 1-Hydroxymethyl-3 : 5-dimethylcyclohexanol, m. p. 68—70°, was obtained 
by recrystallising the solidified fraction (6) from light petroleum (b. p. 40—60°) (Found : C, 68-6; 
H, 11-2. C,H,,O, requires C, 68-4; H, 11-4%). 

The same products were obtained by use of diazomethane. 

(b) The ketone (28 g.) and nitrosoethylurethane (10% excess) yielded a product, from which, 
after sulphuric acid treatment, the following fractions were obtained under 27 mm. pressure : 
(1) ethyl carbonate, b. p. to 70°; (2) 1-85 g., b. p. 70—85°; (3) 6-2 g., b. p. 85—89°; (4) 9-0g., 
b. p. 89—92°; (5) 5-0g., b. p. 92—94°; (6) 5-0g., b. p. 94—100°; (7) 2-9¢g., b. p. 100—120°; 
(8) 3-2 g., b. p. 120—135°. From fractions (1) to (6), unchanged ketone (4-2 g.) was removed 
with the aid of sodium bisulphite; the inert material under 22 mm. pressure afforded (1) 8°45 g., 
b. p. 83-5—85°; (2) 7-45 g., b. p. 85—90°; (3) 5-3 g., b. p. 90—93-5°; residue, 15g. Fractions 
(1) to (3), after 10 days under low temperature conditions, yielded a semicarbazone (21 g.), m. p. 
152—183°, and 204—208° after six recrystallisations from methyl alcohol (Found: N, 19-9. 
C,,H,,ON; requires N, 19-9%). From this, 2 : 3 : 5-trimethylcycloheptanone, b. p. 215°/763 mm. 
(Found: C, 78-2; H, 11-6. C,.H,,O requires C, 77-9; H, 11-7%), was obtained; its 2: 4- 
dinitrophenylhydrazone, m. p. 73—80° when first prepared, melted at 91—-93° after five recry- 
stallisations from methyl alcohol (Found: N, 17-0. C,gH,,0,N, requires N, 16-8%). 

(9) 4-Methoxycyclohexanone. This yielded a semicarbazone, m. p. 183—185° (Helfer, Helv. 
Chim. Acta, 1924, 7, 950, recorded 178°), from which the ketone, b. p. 91-5°/24 mm., was regene- 
rated. The 2: 4-dinitrophenylhydrazone had m. p. 141-5—142-5° (Found: N, 18-0. C,3;H,,O;N, 
requires N, 18-2%). 

The reaction between the ketone (10-4 g.) and nitrosomethylurethane (5% excess) was carried 
out in the usual manner except that“ho ether was employed. Fractionation of the ultimate 
product under 21 mm. pressure yielded (1) 0-75 g., b. p. 90—109°; (2) 5-8 g., b. p. 109—114°; 
(3) 0-5 g., b. p. 114—155°; (4) 4:5 g., b. p. 155—185°. From fraction (2), somewhat impure 
4-methoxycycloheptanone (4-8 g.), b. p. 111-5—114°/24 mm., was obtained (Found: C, 65-6, 
65-9; H, 10-1, 10-1. C,H,,O, requires C, 67-6; H, 100%). The semicarbazone, m. p. 175°5° 
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after two crystallisations from methyl alcohol (Found: N, 21-4. C,H,,0O,N; requires N, 21-1%), 
and the 2: 4-dinitrophenylhydrazone, twice recrystallised from ethyl alcohol, m. p. 115—117° 
(Found : N, 17-3. C,,H,,0,;N, requires N, 17-4%), were prepared. The bisulphite compounds 
of both the original and the new ketone were readily soluble in water. From fraction (4), a very 
viscous, colourless oil, presumably 4-methoxy-1l-hydroxymethylcyclohexanol (3-0 g.), b. p. 
130—140°/1-5 mm., was derived. 

(10) cycloPentanone. The product from the ketone (10-2 g.) and nitrosoethylurethane 
(10% excess) on fractionation yielded (1) 5-75 g., b. p. 120—135°, containing ethyl carbonate ; 
(2) 4:4 g., b. p. 1835—146°; (3) 3-3 g., b. p. 146—170°; (4) 2-5 g., b. p. 170—190°; residue, 
1-4 g. The mixture of semicarbazones (9-2 g.), m. p. 165—213°, prepared from fractions (1) to 
(4), yielded ketonic material, from which were obtained (1) 2-2 g., b. p. 128—135° (cyclopenta- 
none); (2) 1:3 g., b. p. 1835—162°; (3) 1-1 g.,b. p. 162—168°; residue, 0-4 g. The semicarb- 
azone, m. p. 192—193-5°, from fraction (3) did not depress the m. p. of that prepared from 
2-methylcyclohexanone. Similar results were obtained by use of ethereal diazoethane at 0°, 
whether in concentrated solution prepared at —50°, or in dilute solution. 

(11) cycloHeptanone. The product from the ketone (11-2 g.), absolute alcohol (20 c.c.), 
dry ether (20 c.c.), potassium carbonate (2 g.), and nitrosomethylurethane (20 g.) after 6 days 
(3-5 1. of nitrogen evolved) yielded the following fractions under 18 mm. pressure: (1) 1°8 g., 
b. p. to 75°; (2) 5-5 g., b. p. 75—95°; (3) 0-8 g., b. p. 95—135°; (4) 4:35 g., b. p. 135—142°. 
From fractions (1), (2), and (3), cycloheptanone (1-3 g.) was recovered by means of sodium bi- 
sulphite. The unreactive material (4-1 g.), b. p. 196—199°, m. p. 26—30°, was characterised 
as cyclooctanone by its semicarbazone, m. p. 169—171° (Found : N, 23-1. Calc. for C,H,,ON; : 
N, 230%). Fraction (4) solidified, and separated from light petroleum (b. p. 40—60°) in leaflets, 
m. p. 49—51° (Found: C, 66-9; H, 10-8. Calc. for CgH,,O,: C, 66-7; H, 11-1%). Wallach 
(Annalen, 1906, 345, 148) records b. p. 135—140°/16 mm. and m. p. 50—51° for 1-hydroxy- 
methylcycloheptanol. 

(12) cycloOctanone in methyl-alcoholic solution was unattacked either by dilute ethereal 
diazomethane or by concentrated ethereal diazoethane at — 50°. 
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43. The Absorption Spectra of Benzoylformyloxindole Phenylhydrazone 
and Some of tts Derivatives. 


By F. W. BEercstrom and ROBERT ROBINSON. 


The absorption spectra of solutions of arylhydrazones of benzoylformyloxindole 
have been examined in the hope of finding an explanation of the changes of visible 
colour observed in different solvents. 


THE phenylhydrazone of benzoylformyloxindole (Ainley and Robinson, J., 1934, 1510) 
may correspond to one of the structures (I) and (II), of which the former was preferred. 


a) H-CO-C:N-NH-C,H, H-C-N-NH-C,H, (II.) 
NH“CO~ C,H; \NH/’CO CO-C,H; 


The colours of solutions of this compound in different solvents vary widely. Solutions 
in dilute acids or in pyridine are yellow, in methyl alcohol violet-red, in amyl alcohol 
and, particularly, in cyclohexanol almost pure blue, and in hot benzene practically colour- 
less, if sufficiently dilute. 

To find an explanation of these remarkable colour changes, the absorption spectra of 
benzoylformyloxindole phenylhydrazone and its derivatives in a variety of solvents have 
been examined. It was anticipated that substitution of nitroxyl and methoxyl groups 
for the hydrogens of the hydrazone phenyl would affect the absorption in a manner which 
might indicate the nature of the equilibrated systems. 

Influence of the Solvent on the Absorption of Benzoylformyloxindole Phenylhydrazone.— 
The solutions in acetic acid, which are orange-red to the eye, have an absorption maximum 
around 5050—5100 A. in the green, and a minimum at 4250—4300A. in the blue. The 
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absorption coefficient corresponding to the latter is relatively high. Methyl-alcoholic 
solutions have an absorption maximum at 5350 (0-0005m) (the curve at 0-0002m does not 
show as definite a maximum) and a minimum at 4800, both values being displaced towards 
longer wave-lengths compared with the acetic acid solutions. The methyl-alcoholic 
solutions therefore are more blue. The absorption maxima and minima of the solutions 
in ethyl and amyl alcohols are both displaced towards longer wave-lengths, and the ab- 
sorption coefficient corresponding to both characteristics is decreased compared with the 
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methyl-alcoholic solutions. This change is particularly noticeable in passing from methyl 
toethylalcohol. The amyl-alcoholic solutions are not pure blue because of the transmission 
of much red and some green. They are the bluest of those examined, having the greatest 
transmission in the region of 4750—5500. 

Effect of Substitution on the Colour of Benzoylformyloxindole Phenylhydrazone.—It 
has not been possible to compare the absorption spectra of the substituted and the un- 
substituted benzoylformyloxindole phenylhydrazones in all solvents, owing to insolubility 
and the fact that the p-methoxyphenylhydrazone could not be obtained pure. 
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The position of the absorption maxima of all phenylhydrazones in ethyl alcohol is 
about 5500 or 5600. (The p-nitrophenylhydrazone is excluded because the specimens prob- 
ably contained small quantities of acetic acid.) The position of the minimum varies be- 
tween 4300 and 4600. The colours of the solutions to the eye are roughly the same, the 
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The absorption maxima and minima of the acetic acid solutions of all phenylhydrazones 


are, respectively, 5100—5200 and 4200—4300. 
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From the present work it can be concluded that substituents in the phenylhydrazine 
nucleus have such small effects on the colour as to render theoretical interpretation difficult. 

The Effect of the Addition of Small Amounts of Acid or of Alkali on the Absorption 
Spectra of Solutions of Benzoylformyloxindole Phenylhydrazone in Amyl Alcohol.—The 
absorption spectra of 0-0005M-solutions of benzoylformyloxindole phenylhydrazone in 
isoamyl alcohol containing either sulphuric acid or sodium amyloxide in amounts in- 
sufficient to cause complete conversion into the yellow salts have been examined. 

The addition of sodium amyloxide to the phenylhydrazone results in displacements of 
the absorption maximum (100—200 a.) towards shorter wave-lengths, and of the absorp- 
tion minimum (300—600 A.) towards longer wave-lengths. Both of these shifts are in 
the directions observed when passing from a solution of the phenylhydrazone in pure amyl 
alcohol to one in methyl alcohol at the same concentration. Similarly, the absorption 
coefficients corresponding to the minima are lowered a little in both cases, but no regular- 
ity can be observed in the alteration of the absorption coefficients of the maxima. 

Addition of sulphuric acid to the isoamyl-alcoholic solution of the phenylhydrazone 
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produces a slight shift (about 1004.) of both the maximum and the minimum towards 
shorter wave-lengths. More pronounced shifts in the same direction are noted in changing 
from the alcohols to acetic acid as a solvent. The very marked increase of the absorption 
maximum in acetic acid, above that in isoamyl alcohol, compared with the slight increase 
produced by adding sulphuric acid to the isoamyl-alcoholic solution (Fig. 7) should be 
noted, since it may signify the presence in solution of another coloured substance. 

The yellow solutions of the phenylhydrazone in acid and in alkali have somewhat 
different absorption spectra (Figs. 1, 2) and addition of ac‘ or alkali affects the colour of the 
blue solutions in amyl alcohol differently. The absorption maximum is thus lowered by 
addition of small quantities of sodium isoamyloxide, and raised by addition of sulphuric 
acid. 

The only general deduction which can be made is that we are dealing with a complex 
mixture of tautomerides characterised by different colours, the equilibria being very sensi- 
tive to alterations in the solvent. A few of the possible formule (baséd on I) are shown 
below :— 


A\—4—te Ph =C-cPh =C-cPh 
\ AnH/COH INP NH/CO N-NHPh N/C-OH N-NHPh 
(Ia. (1) (Ic) 


Of these, (Ia) is analogous to that of benzeneazoresorcinol and the substance might be 
orange-red; (Id) is the hydrazone form of the same azo-compound and there are no 
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reasons for anticipating that this tautomeride would be blue. (Ic) contains the longest 
conjugated system, but it is still doubtful whether a pure substance so constituted would 
be blue. 

However, the structure of (Ic) brings to mind the violet colour formed when isatin is 
dissolved in alkaline solutions and in the latter case the intense colour may be due to 
meriquinonoid association of isatin and y-isatin (or an anion derived therefrom). A similar - 
conception can be applied to the present case, the intense colours being attributed, not to 
any one tautomeride, but to the association of two components of the system, for example, 
(Id) with (Ic). This view may explain the influence of acids and bases, the former giving 
pure keto-modifications and the latter pure enols and so, in each case, hindering the con- 
templated association of two tautomerides. 


EXPERIMENTAL. 


Benzoylformyloxindole Phenylhydrazone.—The procedure of Ainley and Robinson (loc. cit.) 
was modified slightly. Benzoylformyloxindole (0-75 g.) was dissolved in acetic acid (30 c.c.), 
and phenylhydrazine (1-2 c.c.) added. The solution was boiled for about 5 minutes, cooled, 
and poured into an excess of cold water. The purple phenylhydrazone which was precipitated 
was collected, crystallised twice from aqueous acetic acid (75%), and dried in a vacuum over 
sulphuric acid (Found : C, 74-2; H, 4-8. Calc. for C,.H,,O,N;: C, 74:3; H, 48%). The same 
specimen was used in all of the absorption measurements reported. 

An unsuccessful attempt was made to introduce a second phenylhydrazine residue by boiling 

phenylhydrazine (3 c.c.), acetic acid (15 c.c.), and benzoylformyloxindole (0-26 g.) under reflux 
for 8 hours. The product proved to be impure monophenylhydrazone (Found: C, 74:0; H, 
47%). 
The following solubilities and colour reactions have not hitherto been recorded: A yellow 
solution is formed at all temperatures in dimethylaniline. A fairly concentrated cold pyridine 
solution is red, and on dilution with water becomes orange and finally yellow. Very dilute pyrid- 
ine solutions also are yellow. Addition of a large amount of water causes the slow separation 
of reddish-mauve flocks of the phenylhydrazone, indicating the formation with pyridine of 
a readily hydrolysed salt. Yellow solutions are formed at all temperatures in alkalis and in 
mineral acids, probably as a result of salt formation. A yellow solution is likewise formed in 
concentrated aqueous ammonia, but the original material separates on dilution, indicating, as 
above, a readily hydrolysed salt. 

Benzoylformyloxindole m-Nitrophenylhydrazone.—Benzoylformyloxindole (0-53 g.) and m- 
nitrophenylhydrazine (0-55 g.) were dissolved in warm acetic acid (15 c.c.) and boiled for about 
10 minutes. The cooled solution was poured into an excess of water; the purplish-red solid then 
precipitated was crystailised three times from aqueous acetic acid (90% by vol.) (two crystal- 
lisations are insufficient) and dried in a vacuum over sulphuric acid (Found: C, 66:1; H, 
4:2. C,.H,,0,N, requires C, 66-0; H, 40%). 

It was found impossible to prepare a 0-0005m-solution of the m-nitrophenylhydrazone in 
acetic acid; but a 0-0002m-solution could be made and the colour of this solution was red with 
a purplish tinge that disappeared when small amounts of water were added. 

The substance was soluble in boiling benzene to a light yellow solution. The acetic acid 
filtrate from the above preparation of the m-nitrophenylhydrazone was diluted with a large 
volume of water; the amorphous brown precipitate which separated was collected, dried, and 
washed with hot benzene; m. p. 223—224°. The substance may be the isomeric phenylhydr- 
azone, but only a very small quantity was obtained. The colours of solutions were as follows : 
acetic acid, deep red; concentrated sulphuric acid, orange; ethyl alcohol (0-0002m), purple; 
ethyl alcohol (0-0005m), deep blue with a purplish tinge; hot dilute amyl alcohol, green and 
purplish-red when cooled. 

Benzoylformyloxindole p-Nitrophenylhydrazone.—Benzoylformyloxindole (1-6 g.) and p- 
nitrophenylhydrazine (3-2 g.) were dissolved in glacial acetic acid (75 c.c.) and heated at b. p. 
for 40 minutes (15 minutes would probably suffice). No marked colour changes were observed, 
the solution having a reddish-brown appearance. The deep purple needles which separated on 
cooling were recrystallised twice from a large volume of acetic acid and dried for a week in a 
vacuum over sodium hydroxide (Found: C, 64:3; H, 4:6. C, sH,,O,N, requires C, 66-0; H, 
4-0; N, 14:0. C,.H,,0,N,,0-33C,H,O, requires C, 64-9; H, 4:2; N, 13-4%). 

In an attempt to remove the acetic acid, which this material evidently contained, the 

Oo 
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crystals were dissolved in a small volume of pyridine, and the filtered solution added to a large 
volume of water. The mauve precipitate which slowly separated on keeping was collected, 
washed with water and dried in a vacuum over sulphuric acid (Found: C, 66-2; H, 4°3%). 

The deep brownish-red acetic acid filtrate from the purple crystals contained a secondary 

reaction product, which was precipitated by the addition of a large amount of water as a floccu- 
lent yellow-brown solid. It was recrystallised twice from dilute alcohol and dried in a vacuum 
over sulphuric acid; m. p. 224—225° (Found: C, 65-8; H, 4-2; N, 14-0. C,,H,,0O,N, requires 
C, 66:0; H, 4:0; N, 140%). Apparently this is the isomeric p-nitrophenylhydrazone, which 
must have a structure analogous to (II), if the purple compound is assumed to be analogous 
to (I). 
It is difficult to prepare a solution of the nitrophenylhydrazone in cold glacial acetic acid, 
although a 0-0002m-solution (reddish in colour) was made in the gently heated solvent. It 
was impossible to prepare a 0-0005m-solution of the pure purple p-nitrophenylhydrazone in 
either methyl or ethyl alcohol. The most concentrated ethyl-alcoholic solution was purple, 
the most concentrated amyl-alcoholic solution blue with a purplish tinge. When the latter 
was warmed, the colour became lighter and more nearly a pure blue, and at the b. p. the colour 
was still lighter and green. The reverse changes took place on cooling. 

The p-nitrophenylhydrazone dissolved readily in pyridine in the cold, forming a deep red 
or reddish-brown solution. A mauve-coloured precipitate slowly separated on dilution with 
water. Hot concentrated pyridine solutions were deep green. Hot benzene dissolved very 
little of the nitrophenylhydrazone, the extremely dilute solution having a pale yellow colour. 
From a solution in aqueous sodium hydroxide (orange-red or red at moderate concentration) 


acetic acid threw down a purple precipitate. 


Positions of the Maxima and Minima of Absorption. 
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Unsubstituted Phenylhydrazone. 
CH,°-OH 0-0002m 5300—5500 0-35 0-28 
C,H,-OH re 5500 0-37 0-10 
C;H,,°OH ie 5700 0-30 0-09 
CH,°CO,H - 5050 0-60+ 0-32 
CH,°OH 0-0005M 5350 0-86 0-58 
C,H,-OH = 5500 0-76 0-24 
C,H,,°OH o 5700 0-67 0-26 
CH,°CO,H 5100 1-43 0-66 
m-Nitrophenylhydrazone. ° 
C,H,,OH 0-0002m 5 5500 0-62- 
C,H,;OH 0-0005m (impure 5600 1-33 
specimen) 
CH,°CO,H 0-0002m 9, 5 5100 0-71 
CH,°CO,H 0-0001m 9 5100 0-37 


p-Nitrophenylhydrazone. 
Pure material. 
CH,°CO,H 0-0002m 4 5200 0-77 4300 


Material containing a small amount of acetic acid. 
CH,°OH 0-0001m 6 No sharp maximum or minimum. 
0-0002m 


C,H,;OH  0-0005m 6 5700 "1-32" 4500—4600 
Maximum and minimum closely checked after standing overnight. 


p-Methoxyphenylhydrazone (both specimens somewhat impure). 
C,H,;OH 0-0005m 8 5500 0-76+ 4600 0-31 
C,H,-OH es ‘o 5600 0-85 4600 0-28 
Unsubstituted Phenylhydrazone, 0-0005m in C,H,,-OH. Effect of the addition of small 
quantities of C,H,,-ONa and of H,SO,. Normality of solution with respect to 
C,H,,"ONa 0-000004 7 5600 0-64 4800 
C,H,,ONa 0-00025 ft 5500, 5600 0-41 5100 
H,SO, 0-0001 fa 5600 0-71+ 4400 
Pure solvent 8 5700 0-67 4500 
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Benzoylformyloxindole p-Methoxyphenylhydrazone—A mixture of benzoylformyloxindole 
(0-8 g.), p-methoxyphenylhydrazine (1-75 g.), and glacial acetic acid (30 c.c.) was boiled for 
15 minutes, cooled, and poured into water. The purplish-red precipitate was crystallised 
twice from 90% acetic acid and dried successively in a vacuum over sulphuric acid and sodium 
hydroxide. The solid was dark purplish-red (Found: C, 71-0, 72-3; H, 5-1, 5-2. C,3H,,O3N; 
requires C, 71-7; H, 50%). A second specimen was made by dissolving the first in a small 
volume of pyridine and precipitating it with a large volume of water, but neither was pure, 
possibly because of contamination with small quantities of solvent. 

At a concentration of 0-0005m the methyl-alcoholic solution was deep red, and the more con- 
centrated solutions had a purplish cast. A 0-0005m-solution in ethyl alcohol was red with a 
purplish tinge. A 0-0002m-solution in glacial acetic acid was orange-red. 

Purification of Solvents.—Pyridine and the alcohols were refluxed for several hours over 
calcium oxide, kept overnight, and distilled. Acetic acid was kept for a day with a mixture 
of anhydrous sodium acetate and potassium permanganate, distilled, and then crystallised three 
times. All solvents were redistilled through a Young column, the middle fraction boiling over 
a range of 0-1—0-3° being collected. 

The Absorption Measurements.—All absorption measurements were made in the visible 
region with a Hilger-Nutting spectrophotometer. Solutions were made up to 0-0005m and to 
0-0002mM. The measurements were carried out in fused quartz absorption cells, 2-00 cm. long 
internally, with two small side tubes which were loosely capped during an experiment. The 
absorption spectrum on occasions slowly changed with time, because of contamination from the 
atmosphere. In most cases, the absorption spectrum was checked after the cells had stood 
capped fora day. If it was apparent that the absorption had changed in a manner not explic- 
able by atmospheric contamination, the experiment was repeated. A glass cell was also tried 


but was found unsatisfactory. 
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44. Condensation Products of Phenols and Ketones. Part III. 
Hydroxyquinol, Pyrogallol, and m- and p-Cresols with Acetone. 


By WILSON BAKER and D. M. BEsLy. 


A condensation product of hydroxyquinol and acetone, C,,H,,0,, has been shown 
to possess four hydroxyl groups and to yield phoronic anhydride on oxidation, thus 
proving it to be the bis-2: 2’-spirvochroman derivative (III). An isomeric hexa- 
hydroxy-compound from pyrogallol and acetone has been proved by similar methods 
to be the bis-1: l’-spiyohydrindene (IV). The non-phenolic products, C,,H,,O,, 
obtained from m- and p-cresol and acetone are to be represented by the formule 
(V) and (VI) as derivatives of bis-2 : 2’-spirochroman. The réle.of certain less complex 
products derived from m-cresol and acetone in the formation of (V) is briefly discussed. 


Hydroxyquinol.—The condensation of hydroxyquinol with acetone in presence of acetic 
and concentrated hydrochloric acids was described by Siik6ésd (Acta Lit. Sct. Univ. Hung. 
Francisco-Josephinae, 1932, 2, 230; Amer. Chem. Abstr., 1933, 27, 1873). He isolated 
a compound C,,H,,0,, equivalent to 2C,H,O, + 3COMe, — 3H,O, m. p. 267—268°, 
which yielded a so-called hexa-acetate, a hexabenzoate, and a hexapropionate. By analogy 
with the erroneous structure proposed by Fabinyi and Széki (Ber., 1905, 38, 2307) for the 
condensation product of catechol and acetone (see Baker, J., 1934, 1678; Baker and 
McGowan, J., 1938, 347) Siikdésd assigned to the compound a constitution impossible 
on stereochemical grounds. The same condensation product was later prepared similarly 
from hydroxyquinol triacetate and acetone, or phorone, by Fisher, Furlong, and Grant 
(J. Amer. Chem. Soc., 1936, 58, 820), who formulated the compound as a hexahydroxy- 
3:3: 3’ : 3’-tetramethylbis-1 : 1’-spivohydrindene (I), by analogy with the structure which 
had been proposed for the catechol—acetone product by Baker (loc. cit.). 
Reinvestigation of the substance C,,H,,0, has shown that structure (I) is incorrect. 
Oxidation with potassium permanganate led to the isolation of the anhydride of phoronic 
acid, C(CH,*CMe,*CO-O),, which establishes the presence of the grouping (II), the argument 
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being similar to that used in the case of the structure of the catechol—acetone product 
(q.v., Baker and McGowan, loc. cit.). This partial structvre (II) is consistent with the 
observation by Fisher, Furlong, and Grant that phorone may replace acetone in the con- 
densation, and also with the structure (I). Methylation of C,,H,,0O, with methyl sulphate 
and alkali, however, readily gave a completely non-phenolic tetramethyl ether, and not a 
hexamethyl ether as required by structure (I), and re-examination of the supposed hexa- 
acetate showed that it was really a tetra-acetate, which tenaciously retained one molecule 
of acetic acid of crystallisation. These facts prove that the condensation product contains 
only four free hydroxyl groups, and it can therefore only be a tetrahydroxy-4 : 4: 4’ : 4’- 
tetramethylbis-2 : 2’-spirochroman of the type (III). With regard to the hydroxyl groups, 


= Py CMe, 
RO Fe HK H Be OH 


| ~~ 
"Ch pon | aaa 
HO CMe, a 


(I.) (II.) (III.) 


these must occupy positions 6, 7, 6’, and 7’ if the hydroxyquinol exhibits its usual reactiv- 
ity in position 5, and it may therefore be assumed with some certainty that the condensation 
product is 6: 7 : 6’ : 7’-tetrahydroxy-4 : 4: 4’ : 4’-tetramethylbis-2 : 2’-spzvochroman (III). 
When treated with oxidising agents, lead peroxide, silver oxide, nitric acid, etc., the com- 
pound gives brilliant red solutions, doubtless due to the formation of a double o-quinone 
(cf. the catechol—acetone product, which possesses four similarly placed hydroxyl groups), 
but the product is very unstable and has not been isolated in an analytically pure state. 
Treatment with bromine in acetic acid gives a red product, probably a dibromo-diquinone, 
which when reduced and acetylated gives 8:8’ (or less likely 5 : 5’)-dibromo-6 : 7 : 6’: 7’- 
tetra-acetoxy-4 : 4: 4’ : 4’-tetramethylbis-2 : 2'-spirochroman. 

Pyrogallol.—Wittenberg in 1882 (J. pr. Chem., 26, 76) condensed acetone with pyro- 
gallol in presence of phosphorus oxychloride and obtained a product, “ gallacetonin ”’, 
which turned brown at 250°. He regarded the substance as the simple acetal of pyrogallol 
and acetone, C,H,(OH)O,CMe,, and mentions an uncharacterised crystalline acetyl de- 
rivative. Acetone and pyrogallol were condensed in presence of acetic and hydrochloric 
acids by Fabinyi and Széki (Ber., 1905, 38, 3527), who isolated a substance C,,H,,O,, 
m. p. 260—265° with previous darkening, which yielded a hexa-acetate, a hexabenzoate, 
and a dibromo-derivative. The proposed structure for the compound, based on their 
erroneous formula for the catechol—acetone product, is stereochemically impossible and 
inconsistent with its chemical properties. The same product C,,H,,O, was later obtained 
by Ghiglieno (Atti R. Accad. Sci. Torino, 1912, 47, 16), who showed that phorone could 
replace acetone in the condensation; he suggested the structure (CMe,-CH),C[C,H,(OH)g]o, 
but this may be rejected as it would not yield a dibromo-derivative, but at least a 
tetrabromo-derivative. Finally Fisher, Furlong, and Grant (loc. cit.) mention the 
condensation product of pyrogallol and acetone as “‘a high-melting solid as yet not 
properly characterised.” 

It was suggested in Beilstein’s “‘ Handbuch der Organischen Chemie ”’ (4th ed., 1923, 
6, 1080) that the product described by Wittenberg was identical with the substance iso- 
lated by Fabinyi and Széki, and we have now confirmed this suggestion. Specimens of 
the compound prepared by the two methods showed no divergence in properties, and the 
derived acetyl derivatives were proved to be identical by a mixed melting-point determina- 
tion. The acetyl derivative was moreover shown to contain six acetoxyl groups. Oxida- 
tion of the compound C,,H,,0, with potassium permanganate gave phoronic anhydride, 
thus proving the presence of the partial structure (II), and the presence of six hydroxyl 
groups was further established by the formation of a hexamethyl ether. These facts prove 
that the compound is a hexahydroxy-3: 3: 3’ : 3’-tetramethylbis-1 : 1’-spivohydrindene 
(IV) analogous to the catechol—acetone product. The positions assigned to the hydroxyl 
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groups, 5, 6, 7, 5’, 6’, and 7’, are based on the probability that condensation first occurs 
between the tertiary carbon atoms of phorone (via its dihydrochloride) and the pyrogallol 
nuclei in position 5, followed by ring closure; if the initial condensation occurred in position 
4, i.e., ortho to a hydroxyl group, it is probable that a bis-2 : 2’-spivochroman would result 
as in the case of hydroxyquinol. The alternative positions of the hydroxyl groups, 4, 5, 
6, 4’, 5’, and 6’, would involve the less likely assumption that the first step in the con- 
densation was between the carbonyl group of phorone and position 5 in the two pyrogallol 
nuclei. We, therefore, regard the pyrogallol—-acetone condensation product as 
5:6:7:5':6': 7'-hexahydroxy-3 : 3: 3’ : 3'-tetramethylbis-1 : 1'-spirohydrindene (IV). Aerial 
oxidation in alkaline solution led to no definite results (contrast catechol—acetone product). 
An alternative structure for the compound showing two dissimilarly placed aromatic 
nuclei analogous to that shown in a footnote to the paper of Baker and McGowan (loc. cit., 
p. 349) cannot be seriously considered. 


CMe, 


Bi ee Me 


oY 


." 
(V1.) 


m- and p-Cresols.—Zincke and Gaebel (Anmnalen, 1912, 388, 299; Gaebel, Dissert., 
Marburg, 1903) heated solutions of m- and #-cresols in acetone saturated with hydrogen 
chloride to 100° and isolated crystalline non-phenolic products, melting at 126° (and 132°, 
dimorphous), and 138° respectively, regarded as C,9H,,0,.- Formule which do not 
merit discussion were suggested for these compounds and were later revived by Béttcher 
(Dissert., Berlin, 1930). Niederl (J. Amer. Chem. Soc., 1928, 50, 2230) and Niederl and 
Casty (Sitzungsber. Akad. Wiss. Wien, 1928, 137, II1d, 1038) treated m- and #-cresols with 
acetone in presence of cold concentrated sulphuric acid and obtained the same products, 
but they were found not to possess the molecular formule ascribed to them by Zincke and 
Gaebel but to be C,,H,,O0, (subsequently fully confirmed by Niederl, Sitzungsber. Akad. 
Wiss. Wien, 1932, 141, IId, 150), 7.e., 2C,H,-OH + 3C,H,O — 3H,O. As the m-cresol 
product was prepared from m-cresol and phorone in much better yield than from m-cresol 
and acetone, and gave dimethylmalonic acid on oxidation, Niederl assumed a phorone 
grouping in these compounds and, after having put forward certain unlikely formule, 
ultimately suggested for them the bis-sfivochroman structures (V) and (VI) (Z. angew. 
Chem., 1931, 44, 467). 

In the present work we have degraded both the m- and #-cresol products to phoronic 
anhydride by oxidation with potassium permanganate in acetic acid, thus, as before, 
proving the partial structure (II). Since, moreover, the compounds are non-phenolic, 
they can only be 4:4:7:4': 4’: 7’-hexamethylbis-2 : 2’-spivochroman (V) and 
4:4:6:4': 4’: 6’-hexamethylbis-2 : 2’-spirochroman (VI) respectively, as suggested by 
Niederl. 

An interesting preparation of (V) is described by Fries and Fickewirth (Aunalen, 1908, 
362, 40), who obtained it by heating 3-hydroxy--tolyldimethylcarbinol (hydroxythymol), 
C,H,Me(OH)-CMe,°OH, with concentrated hydriodic acid (d 1-7), and, in view of the 
supposed formula, C,9H,,0,, of the final product (Gaebel, Joc. cit.), regarded the change as 
a simple loss of two molecules of water from two molecules of the hydroxythymol, a view 
also held by Béttcher (loc. cit.). Hydroxythymol is also dehydrated by hydrochloric or 
hydrobromic acid in the cold into an intermediate compound, the dimeric form of 2-hydroxy- 
4-methylisopropenylbenzene, [C,H,Me(OH)-CMe:CH,], (see Fries and Fickewirth, Ber., 
1907, 41, 367), and this is further converted into (V) by heating with concentrated hydriodic 
acid (this paper). These reactions cannot now be regarded as simple, since the final 
product is known to be C,,H,,0,, and it seemed likely that the formation of (V) must be 
accompanied by the loss of m-cresol. Investigation of the conversion of the dimeric form 
of 2-hydroxy-4-methylisopropenylbenzene into (V) by the action of hydriodic acid has 
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shown that this is actually the case, an 81% yield of m-cresol and a 91% yield of (V) being 
obtained according to the equation : 


In view of the fact that the dimeric form of 2-hydroxy-4-methylisopropenylbenzene may 
be directly prepared by the condensation of m-cresol with acetone in presence of hydrogen 
chloride at 40° (Eng. Pat., 273,684), the dimer must be regarded as an intermediate in the 
“ direct ”’ production of (V) from m-cresol and acetone in the presence of hydrogen chloride 
(Zincke and Gaebel), and probably also in the presence of sulphuric acid (Niederl), since 
it is known that the dimer is converted into (V) at 180° in presence of a little sulphuric 
acid (Béttcher, Joc. cit.). The same mechanism doubtless operates in the condensation of 
p-cresol with acetone to give the spirochroman (VI). The condensation of phenols with 
phorone must proceed in a more direct manner. 


EXPERIMENTAL. 

6:7: 6' : 7'-Tetrahydroxy-4 : 4: 4' : 4'-tetramethylbis-2 : 2'-spirochroman (III) (cf. Fisher, 
Furlong, and Grant, Joc. cit.) —Hydroxyquinol triacetate (176 g.) was dissolved in a warm mix- 
ture of acetone (77 c.c.), acetic acid (184 c.c.), and concentrated hydrochloric acid (140 c.c.). 
After 24 hours the red solid was collected, washed with water (yield, 115 g.), and crystallised 
from dilute acetone as follows. It was dissolved in excess of hot acetone containing glacial 
acetic acid (1 c.c.), a solution of sodium metabisulphite (1 c.c.) added to prevent oxidation, and 
the mixture diluted with water at 50° to four times its volume. On rubbing, the condensa- 
tion product separated in small, colourless, glistening plates, m. p. 270° (decomp.) after darken- 
ing at about 260°. The compound gave a bright green ferric chloride reaction, and dissolved 
in aqueous alkalis with a green colour which soon changed to bright red. 

Oxidation. To the spirochroman (III) (20 g.) was slowly added a warm saturated aqueous 
solution of potassium permanganate with constant shaking until the oxidising agent was in 
excess. After 24 hours sulphur dioxide was passed into the mixture, and the resulting liquid 
yielded to ether a partly solid product (4 g.) possessing a rancid odour. After pressing on porous 
earthenware the solid (3 g.) crystallised from light petroleum (b. p. 60—80°) in colourless needles, 
m. p. 127-5—129°, not depressed by authentic phoronic anhydride. A convenient method 
for the isolation of phoronic anhydride in these experiments is to boil the oxidation product 
with a little water: the anhydride crystallises on cooling. 

6:7: 6' : T'-Tetramethoxy-4 : 4: 4’ : 4’-tetramethylbis-2 : 2'-spirochroman.—The tetrahydroxy- 
compound (III) (15 g.), methyl alcohol (25 c.c.), and methyl sulphate (40 c.c.) were shaken 
during the gradual addition of 20% aqueous sodium hydroxide (70 c.c.); further similar quanti- 
ties of methyl sulphate and alkali were subsequently added. After boiling and cooling, the solid 
was collected and crystallised thrice from glacial acetic acid. The tetramethyl ether separated 
as a microcrystalline powder, m. p. 214—216° [Found in material dried in a vacuum over potas- 
sium hydroxide at 100°: C, 70-2; H, 7-6; OMe, 29-8. C,,H,,O,(OMe), requires C, 70-1; 
H, 7:5; OMe, 29-0%]. 

6:7: 6' : 7'-Tetra-acetoxy-4: 4: 4' : 4'-tetramethylbis-2 : 2'-spirochroman.—The tetrahydroxy- 
compound (III) (25 g.) was refluxed for 4 hours with acetic anhydride (150 c.c.) and 
anhydrous sodium acetate (20 g.), and the cooled mixture stirred into water. The pink solid 
product was crystallised four times from glacial acetic acid and obtained in small colourless 
crystals, m. p. 205—206° (previous workers record the same m. p.) [Found: Ac, 35-9. Calc. 
for C,,H,0,(OAc),,HOAc: Ac, 35°8%], which evolved acetic acid at the m. p. After three 
further crystallisations from alcohol the compound still retained the molecule. of acetic acid 
and formed thick needles, m. p. 205—206° (Found: Ac, 36-3%), but the acetic acid was lost 
when the substance was dried in a vacuum over potassium hydroxide at 160° for 4 hours, or 
when distilled to dryness with toluene, the product in both cases being subsequently crystallised 
from alcohol [Found: C, 64:2; H, 5-9; Ac, 27-9, 29-3; M, 490. Calc. for C,,;H,,0,(OAc), : 
C, 64-5; H, 5-9; Ac, 31:9%; M, 540]. 

8 : 8'( or 5: 5’)-Dibromo-6 : 7 : 6’ : 7'-tetra-acetoxy-4 : 4: 4’ : 4’-tetramethylbis-2 : 2’-spirochro- 
man.—The tetrahydroxy-compound (III) (15 g.), suspended in acetic acid (120 c.c.) at 40°, 
was treated with a solution of bromine (15 c.c.) in acetic acid (30c.c.). After } hour the solu- 
tion was poured into water, the red solid collected, washed with water, and dried in a desiccator, 
and its solution in acetic acid decolourised by the addition of a little zinc dust, and then boiled 
with the addition of acetic anhydride. The solid obtained on the addition of water separated 
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from alcohol in small crystals, m. p. 227—230° [Found: C, 49-1;- H, 4:5; Br, 22-1; Ac,. 
25-8. C,,H,,0,Br,(OAc), requires C, 49-8; H, 4:3; Br, 22-9; Ac, 24-6%]. 

5:6:7:5': 6 : 7'-Hexahydroxy-3 : 3: 3’ : 3'-tetramethylbis-1 : 1'-spirohydrindene (IV).—(A) 
Fabinyi and Széki. The modification adopted by Baker (loc. cit.) gives considerably improved 
yields. Pyrogallol (42 g.), acetone (33 g.), acetic acid (80 c.c.), and concentrated hydrochloric 
acid (64 c.c.) were heated on the water-bath for 48 hours and cooled. The solid was collected, 
washed with acetic acid, boiled with water, and dried (yield, 53 g.). (B) Wittenberg. The 
reaction is best carried out as follows. To pyrogallol (10 g.) in acetone (16 c.c.) was added 
phosphorus oxychloride (1 c.c.), and, after the reaction had subsided, the solid product was 
boiled with 15% alcohol (200 c.c.), collected, washed with dilute alcohol and water, and dried 
(yield, almost quantitative). After two crystallisations from acetic acid containing a little 
dilute hydrochloric acid both specimens melted at 260—265° after darkening from 240°, and 
gave a greenish-purple ferric chloride reaction in alcoholic solution. The acetyl derivative 
(excess of acetic anhydride and anhydrous sodium acetate for 4 hours) from both products was 
crystallised several times from alcohol and from acetic acid; the m. p. of both specimens and 
a mixed m. p. was 247° (rapid heating) [Found : Ac, 42-3. Calc. for C,,H,,(OAc),: Ac, 41-3%]. 

5:6: 7: 5:6 :7'-Hexamethoxy-3 : 3: 3’ : 3'-tetramethylbis-1: 1'-spirohydrindene.—The hexa- 
hydroxy-compound (IV) (20 g.) in acetone (30 c.c.) was stirred in coal gas during the gradual 
addition of potassium hydroxide (50 g.) in water (150 c.c.) and methyl sulphate (84 c.c.), 
the mixture being finally allowed to boil. After 2 hours the sticky material was collected, 
boiled with a little alcoholic potassium hydroxide, again collected, washed with alcohol, and 
finally boiled with water (yield, 7 g.). It was crystallised three times from alcohol and obtained 
in faintly yellow needles, m. p. 135—137° [Found CC, 71: 2; H, 7-8; OMe, 41-3. C,,H,,(OMe), 
requires C, 71-0; H, 7-9; OMe, 40- 8%). 

Oxidation of 5:6:7:5': 6: 7'-Hexahydroxy-3: 3: 3! : 3’-tetramethylbis-1 : 1'-spirohydrin- 
dene (IV).—The oxidation of (IV) (24 g.) was carried out as described under the oxidation of 
(III). The syrupy product (2 g.) was boiled with a little water and then yielded phoronic 
anhydride (0-3 g.), m. p. 129—130°, undepressed on admixture with an authentic specimen. 

Oxidation of the m-Cresol and p-Cresol—Acetone Condensation Products (V) and (VI).—The 
compounds were prepared according to the directions of Niederl and Niederl and Casty (occ. 
cit.), the yields being about 10%. After careful purification the former had m. p. 128° (after 
solidification, 136°, dimorphous), and the latter had m. p. 136° (after solidification, m. p. 144°, 
dimorphous). The condensation products (5 g.) were dissolved in hot acetic acid (300 c.c.) 
under reflux on the steam-bath, and warm saturated aqueous solutions of potassium permangan- 
ate slowly added in excess. The cooled solutions were now treated with excess of sulphur di- 
oxide, filtered, and extracted with ether, and the extracts dried and evaporated on the water- 
bath under diminished pressure. The partly solid residues were boiled with a little water, 
and the crystals which separated on cooling were collected and recrystallised from light petrol- 
eum. In each case they melted at 128-5—129-5°, and did not depress the m. p. of phoronic 
anhydride. 

Conversion of the Dimeric Form of 2-Hydroxy-4-methylisopropenylbenzene into (V).—The 
dimeric compound was prepared according to Eng. Pat. 273,684, and purified as its ether addi- 
tion compound, (C,)9H,,O),,Et,O, by crystallisation from light petroleum (b. p. 40—60°) con- 
taining a little ether. The addition compound was obtained as colourless, highly refracting, 
rhombic prisms, melting when fairly rapidly heated at 76—77° [Found : Et,O by loss of weight 
at 100°, 20-3. Calc. for (C,)9H,,O),,Et,0: Et,O, 20-0%]. The ether-containing substance 
(4-5 g.) was refluxed for 7 hours with hydriodic acid (100 c.c.; d 1-7), diluted with water (500 
c.c.), and steam-distilled. The distillate yielded to ether a non-phenolic product (0-3 g.) having 
an odour of thymol, and a phenolic product which by treatment with benzoyl chloride and 
alkali gave a solid benzoyl derivative (1-4 g.), m. p. 55—56° after crystallisation from light 
petroleum. The m. p. was not altered on admixture with a specimen of m-cresol benzoate. 
The crystalline material not volatile in steam (2-5 g.) was isolated by ether extraction and, after 
crystallisation from alcohol, was identified as (V) by m. p. and mixed m. p. determination, 
and by its characteristic dimorphism. 


The authors’ thanks are due to the Dyestuffs Group of Imperial Chantel Industries, Ltd., 
for grants. 
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Notes. 


NOTES. 
Derivatives of B-Naphihaldehyde. By J. D. Futton and RoBEert Rosinson. 


TueE substances here briefly described are either new or have previously been obtained in other 
ways. 

*3. Naphthaldehyde—This was prepared by Stephen’s method (J., 1925, 127, 1874). B- 
Naphthonitrile (50 g.) was dissolved in dry ether, saturated with hydrogen chloride, and re- 
duced by anhydrous stannous chloride (250 g.). The aldimine stannichloride was decomposed 
by steam distillation and the aldehyde, purified through the bisulphite compound, was crystal- 
lised from 75% alcohol; m. p. 58° (yield, 38 g.). 

The oxime crystallised from methyl alcohol in plates, m. p. 154° (Wuyts and Koeck, Bull. 
Soc. chim. Belg., 1932, 41, 196, give m. p. 156°) (Found: N, 7-9. Calc. for C,,H,ON : N, 8-2%). 

8-Naphthoin.—A mixture of B-naphthaldehyde (12 g.), aqueous alcohol (100 c.c. of 80%), 
potassium cyanide (1-2 g.), and water (12 c.c.) was refluxed for 4} hour. The product (9-4 g.) 
crystallised from alcohol in rhombic plates, m. p. 125—126° (Found : C, 84-5; H, 5-3. C,.H,,O, 
requires C, 84-6; H, 5-1%). The substance is almost insoluble in ether or light petroleum, 
moderately soluble in cold acetone or chloroform, and readily soluble in hot alcohol. 

The oxime crystallised from alcohol and then from benzene in needles, m. p. 172° (Found : 
N, 4:4. C,,.H,,O,N requires N, 4-:3%). 

6-Naphthil.—A solution of 8-naphthoin in alcohol was added to Fehling’s solution. The 
product, taken up in benzene, crystallised, on addition of alcohol to the concentrated solution, 
in long, faintly yellow needles, m. p. 158—159° (Gomberg and Bachmann, J. Amer. Chem. Soc., 
1928, 50, 2767, obtained the substance by the reduction of B-naphthoic acid and give m. p. 157— 
158°) (Found: C, 85-0; H, 4-6. Calc. for C,.H,,O,: C, 85-2; H, 4:5%). 

2 : 3-Di-B-naphthylquinoxaline—A mixture of o-phenylenediamine (0-35 g.), 8-naphthil 
(0-9 g.), and acetic acid (8 c.c.) was boiled for a few minutes. The long needles that separated 
on cooling were recrystallised from alcohol; m. p. 192—193° (Found: N, 7-4. C,,H,,N, 
requires N, 7-3%). 

Hydro-8-naphthoin.—$-Naphthoin was reduced in alcoholic solution with 4% sodium 
amalgam. The product crystallised from nitrobenzene in colourless rhombohedra, m. p. 253° 
[Found : C, 84-5; H, 5-9; M (Rast), 321. C,,H,,O, requires C, 84-1; H, 5-7%; M, 314). 

Deoxy-B-naphthoin.—Naphthoin was reduced in alcoholic solution by zinc and hydrochloric 
acid. The product crystallised in square, yellow plates, m. p. 155—156° (Found: C, 88-9; 
H, 5-3. C,.H,,O requires C, 89-2; H, 5-4%). 

8-Naphthoin Methyl Ethey—A mixture of 8-naphthoin (1 g.), silver oxide (2-4 g.), and 
methyl iodide (4-26 g.) was kept for several hours and then refluxed for 8 hours. The product, 
isolated by means of ether, crystallised in contact with methyl alcohol. Recrystallised from 
ether-light petroleum, it formed stellate clusters, m. p. 82° (yield, almost quantitative) (Found : 
C, 85-0; H, 5-8. C,,;H,,O, requires C, 84-7; H, 5-5%). 

8-Naphthylidenemalonic Acid.—A mixture of $-naphthaldehyde (1-56 g.), malonic acid 
(1-06 g.), and acetic acid (4 c.c.) was heated for 10 hours on the steam-bath; on cooling, a 
crystalline mass separated. This was collected, washed with chloroform, and recrystallised from 
ethyl acetate, elongated prisms, which lost lustre in the air or in a vacuum, m. p. 207° (decomp.) 
(Found: C, 69-7; H, 4:1. C,,4H,.O, requires C, 69-4; H, 4-1%), being formed. . On heating, 
6-naphthylacrylic acid was obtained. 

8-Naphthylacrylic Acid.—A mixture of 8-naphthaldehyde (2-2 g.), malonic acid (3 g.), and 
pyridine (6 c.c.) was heated for 14 hours on the steam-bath and then boiled for 10 minutes. 
The product was recrystallised from aqueous alcohol; m. p. 208—209°, mixed m. p. with 
8-naphthylidenemalonic acid, 183° (Rousset, Bull. Soc. chim., 1897, 17, 815, gives m. p. 196°; 
Monier-Williams, J., 1906, 89, 277, gives m. p. 203°). 

(8-Naphthylmethyl)malonic Acid.—A solution of 8-naphthylidenemalonic acid (1-2 g.) in 
alcohol was treated with sodium amalgam (15 g. of 2.5%). The product crystallised from 
benzene in colourless needles; it decomposed at 150—153° (Mayer and Sieglitz, Ber., 1922, 55, 
1835, give m. p. 94—95°) (Found: C, 68-6; H, 5-3. Calc. for C,,H,,0,: C, 68-9; H, 4-9%). 

Ethyl a-cyano-B-naphthylideneacrylate, obtained in quantitative yield by gently heating 
6-naphthaldehyde with ethvl cyanoacetate in presence of a little morpholine, crystallised from 
alcohol in pale yellow leaflets, m. p. 125—126° after shrinking at 117° (Found: C, 76-3; H, 5-3; 
N, 5-6. C,gsH,,;0,N requires C, 76-5; H, 5-2; N, 5-6%). 

a-Benzamido-B-2-naphthylacrylic Acid.—8-Naphthylidenephenylisooxazolone (Kikkoji, Bio- 
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chem. Z., 1911, 35, 73) (2 g.) was heated with sodium carbonate solution (50 c.c. of 2%) until 
a clear solution was obtained; on cooling, the sodium salt separated as pearly plates. The acid 
(2 g.) crystallised from alcohol in prisms, m. p. 240° with previous softening (Kikkoji, loc. cit., 
gives m. p. 230°) (Found: C, 75-6; H, 5-1. Calc. for C.9H,,0,;N : C, 75:7; H, 4:7%). 

Methyl «-Benzamido-8-2-naphthylacrylate-—A solution of the azlactone (1 g.) in methyl 
alcohol (15 c.c.) was saturated with hydrogen chloride and refluxed for 1 hour. On cooling, 
colourless needles separated; recrystallised from methyl alcohol, they had m. p. 142° (with 
previous softening) (Found: C, 76-7; H, 5-3. C,,H,,O,N requires C, 76-1; H, 5-1%). 

8-Methylnaphthalene.—The azlactone (5 g.) was heated with aqueous sodium hydroxide 
(60 c.c. of 10%) until the evolution of ammonia ceased; the solution was then distilled. 
8-Methylnaphthalene (0-2 g.) was collected from the distillate; m. p. 32—33°, alone or mixed 
with an authentic specimen. The picrate (Meyer and Meyer, Ber., 1919, 52, 1250) had m. p. 
115°, alone or mixed with an authentic specimen. 

68-Naphthylpyruvic Acid.—The azlactone (7 g.) was heated with aqueous sodium hydroxide 
(35 c.c. of 10%) for 4—5 hours. The acid had m. p. 190° (decomp.) [Kikkoji, loc. cit., gives m. p. 
192° (decomp.)] (Found: C, 72-5; H, 4-9. Calc. for C,;H,,90,: C, 72-9; H, 4:7%). The sub- 
stance gives a green colour with ferric chloride in alcoholic solution. 

2-Hydroxy-3-(8-naphthylmethyl)quinoxaline.—A solution of 8-naphthylpyruvic acid (0-35 g.) 
and o-phenylenediamine (0-2 g.) in alcohol (4 c.c.) was heated for a few minutes on the steam- 
bath. The product crystallised from alcohol in fine colourless needles, m. p. 222—223° (Found : 
N, 9-8. C,,H,,ON, requires N, 9-8%). 

8-Naphthylacetic Acid.—A solution of §-naphthylpyruvic acid (1 g.) in aqueous sodium 
hydroxide (5 c.c. of 10%) was treated with ice-cold perhydrol (1 c.c.) in water (3 c.c.). The 
solution was kept overnight and then acidified by sulphur dioxide. The precipitated acid 
(0-75 g.) was crystallised from water; m. p..141—142° (Gilman and Kirby, J. Amer. Chem. Soc., 
1929, 51, 3476, give m. p. 1389—140°) (Found: C, 76-9; H, 5-7. Calc. for C,,H,9O,: C, 77-4; 
H, 5-4%).—MANCHESTER UNIVERSITY. Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. 
[Received, November 30th, 1938.] 





Synthesis of Long-Chain Ketones. By J. W. H. OLpHam and A. R. UBBELOHDE. 


In the course of experiments on the structure and melting of long-chain ketones (Oldham and 
Ubbelohde, in the press) it has been necessary to compare the different synthetical methods 
available. It is particularly important in preparing long-chain compounds to select a synthesis 
which does not lead to other long-chain molecules of types difficult to remove from the main 
product. Since the ketones obtained are of interest for physicochemical and possibly for 
biochemical investigations, it seems desirable to describe points in the syntheses apparently 
not mentioned in the literature. 

(a) The pyrogenetic synthesis consists in passing the vapour of two acids over a thoria 
catalyst at about 400° (cf. Pickard and Kenyon, J., 1912, 101, 629). We have used the re- 
action for preparing (C,H,;),CO, according to the equation 2C,H,,-CO,H = (C,H,,),CO + 
CO, + H,O, and also for preparing ketones of the series C,,H,,O0 (m = 1, 2, 3, where refers to 
the number of carbon atoms in the shorter alkyl group), and for C,,H,;,0 (w = 2). In preparing 
the unsymmetrical ketones a large excess (at least 10: 1) of the short-chain acid was used, to mini- 
mise the loss of long-chain acid in forming the unwanted symmetrical ketone. After washing 
with 5% hot sodium hydroxide solution and distillation, the yield of crude ketone was about 
50% of the long-chain acid used, but it was found to be much more difficult to purify ketones 
made by this process than by either of the other methods described below. 

(b) An acetoacetic ester synthesis has been described by Chibnall and Channon (Biochem J., 
1929, 23, 168). We obtained more satisfactory yields, and a somewhat more easily purified 
product, by first synthesising the acyl derivative of acetoacetic ester (cf. Bouveault and Bongert, 
Bull. Soc. chim., 1902, 27, 1044), which was obtained in yields varying from 44 to 56% of the 
theoretical. This was then treated with the appropriate alkyl bromide or iodide, to give a 
final yield of crude ketone varying from 13 to 20% of the theoretical amount calculated from 
the initial acid chloride. 

The alkyl halides should not contain less than 4 carbon atoms, owing to the fact that any 
acyl acetoacetic ester which fails to react would ultimately give rise to a ketone differing by 
less than 4 carbon atoms from the main product, and this leads to difficulties and loss in the 
purification. 

Ketones of the series C,,H;,0 were prepared from the following alkyl halides: C,H,I, 





202 Notes. 


C,H,,Br, C,H,,I, CgHy I, C,,H,3I, and C,,H,,I. The ketone C,,H;,0 (» = 1) was prepared 
by the direct action of tetradecyl icdide on twice the theoretical amount of acetoacetic ester, 
and gave a yield of crude ketone of 53%. Ketones of the series C,,H;,O0 were prepared from 
the halides C,H,,I, C,H, I, C,,H,3I, and C,,H,;I. In each case the appropriate acyl aceto- 
acetic ester was first prepared and isolated as described by Bouveault and Bongert. The 
purification of the crude ketone was found to be easier and less wasteful than in the case of method 
(a), but not so reliable or economical as for the product obtained by method (c). 

(c) A reaction between amides and Grignard reagents proposed by Ryan and Nolan (Chem. 
Zentry., 1913, II, 2050) has been found wasteful and unsatisfactory for long-chain compounds. 
We have found, however, that long-chain nitriles could be easily obtained as follows: The 
acyl chloride was converted into the amide by pouring a solution in acetone into excess of dilute 
aqueous ammonia, with stirring. The amide was recrystallised from light petroleum or acetone, 
according to chain length, and the dry amide was converted into nitrile by warming for 2 hours 
with thionyl chloride under reflux on a waver-bath, the temperature being kept below 85°. The 
unchanged thionyl chloride was distilled off at 100°, a water-pump being used, and the 
nitrile was fractionated ina vacuum. Yield, 85—95%, calculated from amide. This method is 
a modification of the procedure described by Michaelis and Siebert (Amnalen, 1893, 274, 312). 
An attempt to prepare adiponitrile from adipamide was, however, unsuccessful, possibly 
owing to the insolubility of this amide in thionyl chloride. 

To complete the synthesis of the ketone, the nitrile was added to the Grignard reagent, and 
the mixture boiled under reflux for 2 hours before isolation. 

In a few cases [e.g., C}7H3,O (w = 7)] the hydrocarbon by-products of the Grignard reagent 
(cf. Oldham and Ubbelohde, J., 1938, 201) were difficult to separate from the crude ketone 
by either distillation or recrystallisation, but such impurities could be removed by dissolving 
the ketone in warm concentrated sulphuric acid, separating the solution from the undissolved 
paraffin after cooling, and pouring it on ice to recover the ketone. 

The yields after fractional distillation, but before recrystallisation, varied from 63 to 23%, 
the yield tending to decrease as the nitrile rose in molecular weight. The chief by-products of 
the reaction between nitrile and Grignard reagent were paraffins, and a very high-boiling residue 
containing nitrogen. 

The same method was employed for the synthesis of a diketone C,H,-CO-[CH,],°CO-C,H,, 
from the magnesium derivative of the dichloride [CH,],Cl, and propionitrile. A yield of about 
20% of the diketone was obtained on fractionating the products by distillation in a vacuum. 
In this instance the bulk of the product was a monoketone C,H,°CO-[CH,],°CH; (yield, about 
60%). This is probably due to the physicochemical properties of the intermediates. The 
Grignard derivative of the dichloride [CH,],Cl, formed a double layer at a concentration of about 
2 moles per 1. of ether, and the addition product with even 1 molecule of propionitrile formed 
a compact sticky mass which had to be broken up repeatedly during boiling for about 2 hours, 
to facilitate completion of the reaction. Higher yields could probably be obtained by varying 
the solvent for the Grignard reagent, but even as described, the method is one of the most 
convenient for obtaining certain long-chain diketones. 

The ketones were purified by recrystallisation from ethyl] alcohol till there was no appreciable 
difference between the f. p.’s of the crystals and of the ketone recovered from the mother- 
liquor. For ketones prepared by method (c), this usually required about three recrystallisations, 
and yielded about 65%, calculated on the basis of the crude ketone. 

Tests on the purity of the products involved the use of glacial acetic acid and light petroleum 
(b. p. 80—100°) as alternative solvents for recrystallisation, followed by molecular distillation, 
and are discussed in connexion with the physicochemical investigations (Oldham and Ubbelohde, 
loc. cit.). The f. p.’s of the best samples were : 

C,;H,0. 
2 3 a 5 6 7 8 
47-7° 41-5° °41-2° 40-9° 40-6° 41-7° 50-0° 
C,,H;,0. 
3 4 5 8 
45-6° 45-0° 44-8° 45-0° 45-6° 


Our thanks are due to the Managers of the Royal Institution for the facilities placed 
at our disposal—Tur Davy Farapay LaBoraTory, THE Royat INsTITUTION. [Received, 


December 13th, 1938.] 
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- OBITUARY NOTICES. 


JAMES ALOYSIUS AUDLEY. 
1858—1938. 


J. A. AUDLEY was born in Liverpool on October Ist, 1858, but before he was two years 
old his parents removed to Hanley, Stoke-on-Trent, and, except for a short period, the 
whole of his life was spent in the Potteries, where he died on July 15th, 1938. 

Audley was educated privately and also attended classes at the Burslem Schools of 
Science and Art, being awarded a silver medal for Inorganic Chemistry by the Science and 
Art Department in 1875, and the bronze medal for the honours course in the same subject 
six years later. He obtained a scholarship which enabled him to proceed to the Normal 
School of Science, South Kensington, where, incidentally, he studied under Huxley. 

In due course he qualified for his Associateship and also took the London B.Sc. degree ; 
he was elected a Fellow of the Chemical Society in 1886. Local associations and contacts 
directed Audley to the study of ceramics and in 1887 the City and Guilds of London 
Institute awarded him a bronze medal for the Honours grade examination in Pottery and 
Porcelain, and also a full technological certificate. 

In his earlier years Audley was in the employ of the Shelton Iron, Steel and Coal Co., 
after which he held teaching appointments at Shrewsbury and Hanley, and eventually 
became work’s chemist to a local firm of sanitary earthenware manufacturers. From 
here he went to the New Hall Pottery Co., Hanley, of which he was a director at the time 
of his death. Audley’s scientific activities were mainly in the field of ceramics and more 
than forty entries appear under his name in the Transactions of The Ceramic Society; he 
was also the author of “ Silica and the Silicates’’ in S. Rideal’s Industrial Chemistry 
series. 

Nevertheless, his tastes were markedly catholic—antiques of all descriptions, archeology 
and local history, books, botany and chess were all within his purview, and in the course 
of a long life he amassed an extensive collection of literary and other miscellanea. For 
fifty-three years he was a member of the North Staffordshire Field Club and at its meetings, 
which he regularly attended, Audley was constantly able to ‘‘ point a moral and adorn a 
tale ’’ from his store of curious and out-of-way knowledge. 

It was Audley’s boast and a constant source of pleasantry between him and his friends 
that he had never worn an overcoat, indeed, it is highly probable that this indifference to 
the weather was the most immediate cause of his death. Audley’s outstanding character- 
istics were loyalty and generosity; he was a member of many local bodies, all of which 
learned to realise that his unwavering support would be forthcoming through good times 
or ill without any thought of personal gain or advantage. Though never overburdened 
with material assets at any time ot his life, whenever an appeal for some deserving cause 
or person was brought to his notice, Audley would be among the first to contribute, and the 
gift was always enhanced by the readiness with which it was offered. 


He married Miss Lavinia Heath, who predeceased him some fifteen years ago. 
H. V. THOMPSON. 





MATTHEW JAMES CANNON. 
1868—1938. 


CANNON was educated in London and received his early training in analytical chemistry 
in the laboratories of H. S. Carpenter, F.I.C., F.C.S., of Holborn Viaduct. He studied 
bacteriology at King’s College under Prof. Crookshank and Dr. Hewlett and was keenly 
interested in micro-photography. 

He was employed for about 15 years as assistant chemist and resident manager in the 
chemical department of Messrs. Beaufoy of South Lambeth. 

After leaving them, Cannon set up as a consultant analyst at Clapham and became 
intimately connected with the brewing industry and gained both medals offered by the 
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Brewers’ Company. He wrote a series of important articles, which were published by 
the Institute of Brewing, dealing with the analysis of brewing materials, and the relationship 
between analytical and practical results obtained in the brewery. 

With the growth of his brewing connections, Cannon started a laboratory in the City, 
where, in addition to his work on brewing, he became interested in the study of fruit juices 
and their uses in the mineral water trade. This interest eventually led him to setting up 
a laboratory in Hammersmith, where he became consultant to some of the leading mineral 
water manufacturers in the country. 

For the past 36 years, Cannon acted as official analyst to the judges in the beer and 
mineral water competitions at the Brewers’ Exhibition. 

He leaves a widow and one son. A. STERN. 





CHARLES CLAUDE ‘CARPENTER. 
1858—1938. 


CHEMISTRY, and the public who benefit from the application of chemistry, owe a great 
deal to those leaders of industry who have understood the part that chemical science 
can play in improving the lot of humanity. Among the names of such men of vision there 
will always remain that of Charles Carpenter, who, from his early days, recognised the 
importance of science, and particularly chemical science, in the processes of gas manu- 
facture and utilisation. 

After an education which laid the foundation of his understanding of physical and 
chemical science, he entered the service of the Phoenix Gas Company as a pupil to the 
engineer in charge of that Company’s West Greenwich Works. At the early age of twenty- 
six he was appointed Engineer of the Vauxhall Works of what had by that time become 
the South Metropolitan Gas Company. Before he was thirty, he was a recognised authority 
on the heating of retort settings, applying the Siemens system of producer gas firing to 
this end. When in 1899 he was appointed Chief Engineer of the Company, he became 
interested in the distribution side of the Company’s activities. Finding the burner which 
was then in use for determining the illuminating power of coal gas to be, in his estimation, 
unsatisfactory, he set himself to evolve one of greater precision. This burner was later 
accepted by the Gas Referees as the standard test burner under the name of the “‘ Metro- 
politan No. 2 Argand.” The innovation was typical of all his work. He was particularly 
keen to recognise deficiencies in any system, appliance or piece of plant, and to his mind 
a deficiency implied that ideal performance had not been reached. Having recognised 
such a deficiency, his ingenious brain would not rest until the desired improvement had 
been made and it is truly remarkable to recall the wide range of problems covering the 
whole field of the extensive activities of a large gas undertaking to which his ingenuity was 
applied. 

In the particular field of chemical processes, he devoted attention to the removal of 
naphthalene and to the purification of coal gas from organic sulphur compounds. He 
recognised long before other leaders of the gas industry the necessity for supplying to the 
public, appliances which could be relied upon to give uniform service without adjustment 
by the consumer, and he initiated the policy by which the South Metropolitan Gas Company 
supplied only appliances adjusted to rigid standards. As a corollary it was necessary 
to ensure that the.gas was equally standard in quality and, under his direction, this task 
too was accomplished. In view of his outstanding attainments and his wide: grasp of 
the requirements of the gas industry, it was not surprising that on the death of Sir George 
Livesey in 1908, he was elected by the Board of Directors to be a Director and Chairman of 
the Company, a post which he held with the altered title of President until ill health 
compelled his retirement in 1937. 

During the Great War he laid his services at the disposal of Lord Moulton, the Director 
General of Explosive Supplies, and was engaged in devising ways and means of producing 
certain chemicals essential to modern warfare. In 1920 he was made a Commander of the 
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Order of the British Empire. It was doubtless the difficulties which he encountered 
during this period in obtaining chemicals without an adequate chemical industry that led 
him with others to recognise the great importance of forming some central body representa- 
tive of the chemical manufacturers of the country. As the outcome of considerable effort 
the Association of British Chemical Manufacturers came into being, Charles Carpenter 
being its first Chairman. When in 1917 the Advisory Council for Scientific and Industrial 
Research decided to establish a Fuel Research Board, Dr. Carpenter was able to give material 
assistance in arranging for a site and facilities to be placed at the Board’s disposal. Asa 
member of the Coal Conservation Committee appointed by the Ministry of Reconstruction 
in 1918, he showed his belief in the importance of applying scientific methods to the problems 
of fuel treatment and utilisation. His work in this connection has found its -own 
permanent memorial in the therm method of selling gas. 

This is not the place to speak of Charles Carpenter’s great qualities as an administrator ; 
suffice it to say that as a disciple of Sir George Livesey he developed the work commenced 
by his predecessor in establishing a new and happier relationship between employer and 
employee, and by the South Metropolitan Gas Company’s Act of 1920 placed Copartnership 
upon a statutory basis. 

Carpenter joined the Incorporated Institute of Gas Engineers in 1890, and was a member 
of the first Council. He became Vice-President in 1894 and President a year later. In 
1925 he was awarded by the Institution the distinction of its Birmingham Medal. He was 
elected a member of the Southern Association of Gas Engineers in 1886, and was President 
of that body seven years later. In 1912, the centenary year of statutorily authorised and 
controlled gas supply, the degree of Doctor of Science was conferred upon him by the 
University of Leeds. From 1915 to 1917 he was President of the Society of Chemical 
Industry and was awarded its medal in 1923. In 1920 he succeeded Dr. R. Messel as 
representative of the Society of Chemical Industry on the Governing Body of the Imperial 
College of Science and Technology. Carpenter was elected a Fellow of the Chemical 
Society in 1917 and became a Life Member. E. V. EvANs. 





EDWARD CHARLES EDGAR. 
1881—1938. 


EpDGAR was born in London. He received his schooling in the Isle of Man and later entered 
the University of Manchester with a Hulme Scholarship at the age of seventeen. He 
graduated in 1901 with First Class Honours in Chemistry and was awarded a University 
Scholarship. During the two succeeding years he held a University Fellowship and then 
became Dalton Scholar in 1904. After successive appointments as junior demonstrator 
and senior demonstrator, he became a senior lecturer in 1913. In the meantime he had 
obtained the D.Sc. degree. 

In 1916 Edgar was granted leave of absence from the University to take up the post of 
Superintending Chemist at H.M. Factory, Litherland. In November of the same year he 
became a Senior Inspector for the Department of Explosive Supplies, Ministry of Munitions. 

Between 1918 and 1922 his appointments included a post with British Dyes, Chief 
Research Assistant to the Director of Research, British Launderers’ Association, and Head 
of the Contracts Branch, D.E.S., at Alston and Burstal. In 1923 he became Head of the 
Chemistry Department at the Regent Street Polytechnic. Finally, in 1926 he was appointed 
to the Principalship of Rutherford Technical College, Newcastle-upon-Tyne, a post which 
he held until his death. 

The bare enumeration of the posts which Edgar held gives striking evidence of his 
versatility. Almost immediately after graduation he started an investigation with Prof. 
H. B. Dixon on the atomic weight of chlorine. Hydrogen which had been weighed 
absorbed in palladium was burnt in chlorine generated by the electolysis of fused silver 
chloride and weighed in the liquid state. The vessel in which liquid chlorine was weighed 
was closed by a tap of which the barrel tapered upwards to enable it to withstand the 
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internal pressure. The hydrogen chloride formed was condensed and weighed in a nickel- 
steel bomb, and the residual gases analysed. This ingenious method, recalling the classical 
researches of Morley on hydrogen and oxygen, allowed of the employment of very large 
quantities of material, and consequently of the attainment of a standard of accuracy 
rarely achieved in the more conventional methods of atomic weight determination, where 
large-scale operations are impracticable (Phil..Trans., 1905, 205, 169). A year or so later 
Edgar extended this investigation by carrying out the converse operation of burning 
chlorine in hydrogen. For this purpose he used a specially designed vessel of vitreous 
silica, which at that time was rather a novelty (zbid., 1908, 209, 1). The values obtained in 
the two series were in close agreement, 35-463 and 35-462, so this important chemical 
constant was established with a high degree of probability. During a period overlapping 
the latter part of this research the writer had been working on the same problem with Prof. 
R. Whytlaw-Gray in London, and although the method used was entirely different, the 
value obtained, 35-460, confirmed those obtained in Manchester (J., 1909, 95, 1633). 

The next subject to attract Edgar’s attention was the behaviour of hydrogen in contact 
with palladium, an investigation in which he was associated with A. Holt and J. B. Firth. 
The authors recognised that the process was two-fold, part of the gas forming a condensed 
layer on the surface of the metal, and part diffusing into the interior. When the pressure 
of the gas was diminished, the surface layer was removed readily, whereas the gas in the 
interior was much more firmly held. The conditions necessary for “ activating ’’ palladium 
were also examined and defined (Z. physikal. Chem., 1913, 82, 513). In 1911 Edgar under- 
took, in collaboration with the writer, a redetermination of the combining volumes of 
hydrogen and oxygen, the investigation occupying four years (Phil. Trans., 1916, 216, 
393). 
During the six years of our association in Manchester I was closely in touch with Edgar 
both in research and in routine work and found abundant evidence of his sterling worth. 
With a deep, but quite impersonal, conviction of the dignity of a University lectureship 
he combined a strong sympathy for the under-dog. The former quality made him some- 
thing of a martinet with classes of students, but the latter rendered him easy of approach 
and a patient helper in any difficulty. He was at that period, I think, a little conservative 
in his ideas on the teaching of chemistry, but almost an iconoclast on every other subject. 
His social interests and activities were wide : he was a member of the Fabian Society and 
a zealous advocate of the political and educational claims of the other sex, and a close, 
personal friend of Dr. Weizmann. Music was a ‘delight to him and he himself was a capable 
pianist. A keen cricketer in his younger days, he maintained his interest in the game 
and was a mine of information on the performances of the county teams and the careers of 
famous players. 

In the early years of the war he became an enthusiastic member of the University 
O.T.C., where his value as an officer was enhanced by a knowledge of military history which 
would have qualified him for a post in a Faculty of Arts. 

The varied experience gained in his many fields of activity bore fruit in the organising 
and administrative ability which marked his tenure of the Principalship of Rutherford 
College. During his twelve years of office the number of students increased from 1000 to 
2500 and the courses, which had been mainly engineering, were extended in many directions. 
He remodelled the organisation on departmental lines, and developed the corporate life 
of the college by such measures as the founding of the Students’ Association. Outside the 
College, also, he had a wide reputation in educational circles, and was regarded as one of 
the most active members of the Northern Counties Technical Examinations Council. In 
Newcastle, as in Manchester, he commanded the admiration and respect of colleagues and 
students alike, and the illness which overshadowed the last years of his life, though 
impairing his activity, in no way diminished his influence, which remained paramount 
until the end. He leaves a widow, but no children. F, P. Burt. 


(For details of the last phase of Edgar’s career I am indebted to Mr. T. Walling, Director 
of Education, Newcastle-upon-Tyne.) 
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ARTHUR JOSIAH HOFFMEISTER GAUGE. 
1880—1938. 


ARTHUR JOSIAH HOFFMEISTER GAUGE, the son of Josiah Gauge of Biggleswade, was born on 
July 31st, 1880. His mother’s ancestors settled in England about the middle of the 
eighteenth century. Gauge was educated at Tottenham, and studied chemistry and 
physics at the Birkbeck Institute, and also at the Royal College of Science from 1902 to 
1904. In 1911 he was appointed to the staff of the Government Laboratory, and was a 
Superintending Chemist at the time of his death on August 4th, 1938. 

During his career at the Government Laboratory Gauge was engaged in investigations 
of certain industrial hazards, such as those arising from phosphorus, metallic powders, 
dusts and lead compounds, and in researches of a more general character, for example, 
on solubilities, diphenylene and mannitoboric acid. Some of this work was published 
in the Transactions for 1911 and 1913. Interest in mannitoboric acid and similar sub- 
stances remained with Gauge till quite recently. He was engaged in an attempt to 
prepare boric acid derivatives of sorbitol, and one of his last investigations included a 
re-examination and confirmation of the properties of mannitoboric acid. 

For some years Gauge was employed in the examination of water supplies and effluents 
and he took a leading part in work on the disposal of effluents from flax-retting factories 
and in the investigation of the possible toxicity of washings from tarred roads near fishing 
streams, and in many similar problems. Some of this work was published in the Journal 
of the Society of Chemical Industry (Vol. 51, p. 117) and in a monograph issued by the 
Stationery Office in 1930 for the Joint Committee on Damage to Fisheries (p. 123 e¢ seq.). 
On matters concerning water, water pollution and effluents, Gauge’s experience and sound 
judgment were of the utmost value officially, and it is scarcely too much to state that in 
some ways his knowledge of these matters was unrivalled. 

During recent years Gauge devoted himself to problems in connexion with brewing 
and brewing products and their bearing on Revenue problems. He took up this branch 


of applied chemistry with the enthusiasm that characterised all his undertakings, and 
again he acquired a knowledge of his subject of so wide a scope as to make his views 


authoritative. 
Gauge was a man of generous instincts, a firm friend and a most loyal colleague, ever 
willing to render assistance where it was needed. In all his work, he was ready to help, 


and freely acknowledged the assistance of his collaborators. J. J. Fox. 





ALFRED JOHN GREENAWAY. 
1852—1938. 


JoHN GREENAWAY, for so he was known to many Fellows of the Chemical Society, died 
after a long illness on August 25th, 1938. He was born at Islington on July 12th, 1852, 
the youngest of four children and only son of John Greenaway (1816—1890), well known 
as a wood engraver and draughtsman, a contributor to the early volumes of “ The Illus- 
trated London News,” ‘“‘ Punch,” and other leading magazines and books of the day. 
It was directly from him that the great artist, Kate Greenaway (1846—1901), the best 
and closest friend her brother ever possessed, derived her artistic inspiration. 

After his early education at a local private school, Greenaway was apprenticed to his 
father; but, later, by his own wish he was allowed to study chemistry and entered the 
Royal College of Chemistry in Oxford Street. He was appointed demonstrator under Sir 
Edward Frankland when the College was transferred to South Kensington. As far as 
can be discovered, Greenaway was the last of those who knew personally the beginning of 
the Royal College of Science. Among his pupils during that period (1872—1881) were the 
late Professors W. H. and A. G. Perkin, with whom he maintained life-long and intimate 
friendships. Greenaway was elected Fellow of the Society in 1874 and became an original 
Fellow of the Institute of Chemistry in 1877. He became an abstractor for the Society— 











208 Obituary Notices. 


the publication of ‘‘ Abstracts of Chemical Papers published in British and Foreign 
Journals ”” commenced in 1871—at the invitation of Henry Watts, then Editor of the 
Journal, and, in 1885, he became Sub-Editor in charge of the Abstracts, succeeding Charles 
E. Groves. On the death of Dr. J. C. Cain in 1921, Greenaway became Editor of the 
Journal and Dr. Clarence Smith (the present Editor) became Sub-Editor. 

During the early years of his work for the Chemical Society Greenaway lived with his 
sister, Kate, in the house at Frognal, Hampstead, which had been built for her. After 
her death he went to live at The Orchard, Chertsey, which was owned by Miss Ethel Boyce, 
a well-known musician and an intimate friend of his sister. At The Orchard, with its 
lovely garden on the banks of a quiet back-water of the Thames, Greenaway loved to enter- 
tain his many friends, among them chemists, artists, and musicians. Professor Hilda 
Johnstone in writing to ‘‘ The Times ”’ has created the atmosphere in which John Greenaway 
will long be remembered. ‘“‘ His guests . . . will remember how closely Kate’s pictures 
covered the walls of his sitting-room in such pleasant harmony one with another that the 
observer found it natural to accept their host’s strictures upon the modern preference for 
isolating a work of art in a sea of uninhabited background. On his shelves were copies of 
Ruskin’s works which the author had had specially bound for presentation to Kate. The 
whole atmosphere recalled those Victorian poets, artists, and thinkers who first raised 
an altar to beauty amid the materialism of their age.” 

Greenaway always regretted that it had been financially impossible for him to complete 
his chemical training in Germany, as was then the custom. He foresaw himself condemned 
to routine and irksome teaching with little opportunity for original investigation and 
possible advancement, and was impelled to break away fromit. For some time after giving 
up his teaching work he was private assistant to the late Dr. F. W. Pavy, Physician to 
Guy’s Hospital. This was a unique position for a chemist in those days. In 1877, Green- 
away published (J., 31, 251) a short paper with the late R. J. Friswell on thallous platino- 
cyanide. In 1881, he translated with the late Professor W. R. E. Hodgkinson Wislicenus’s 
“Short Text-book of Organic Chemistry,” and in 1891 he edited the translation of the 
fifth edition of Mendeléeff’s ‘‘ Principles of Chemistry.” 

Greenaway was thoroughly happy in his work for the Society. He never spared himself 
and he rejoiced in carrying out his duties conscientiously. His work brought him many 
friends among colleagues and authors. He only held the editorship until December, 
1923. His work during the War (1914—1918) was particularly heavy, for Dr. Cain, who 
was engaged on work of national importance, was seriously ill during part of the time and, 
consequently, Greenaway was primarily responsible for most of the editorial work during 
that period. He was also deeply affected by Dr. Cain’s death and in 1923, after a serious 
breakdown, had to give up work. The Council unanimously adopted the following resolu- 
tion at its meeting on December 20th, 1923 :— 


“‘ The Council accepts with profound regret the resignation of Mr. John Greenaway 
as Editor, and desires to place on record its high appreciation of the eminent services 
he has rendered to the Society and to the science of chemistry in general for the 
period during which he has been connected with the Society’s publications. 

The Council sincerely trusts that his health may be completely restored and that 
he may be spared many years to enjoy the happiness and leisure to which his un- 
selfish work in the interests of our science so richly entitles him.” 


The Council nominated Greenaway for the Vice-Presidency of the Society and he was 
elected to this office for three years in 1924. 

For some time Greenaway remained ill and depressed, unhappy because of his enforced 
inactivity. Gradually he became resigned and began to recover some of his former 
vitality. I remember vividly in the summer of 1924 entering his room unannounced and 
seeing him happily playing the piano. After a few minutes he turned round and, seeing 
me, exclaimed, ‘‘ Gibson, I believe I shall be able to play Schumann again; I shall be all 
right now.”’ Soon afterwards he was able to go away for his usual September holiday to 
Abersoch in Caernarvonshire, a place he had visited for over thirty years and in which he 
had numerous friends. 
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Greenaway’s interest in Chemical Society affairs continued to the end: it was only 
failing eyesight and lameness that prevented his attending the ordinary scientific and 
annual meetings. He resumed his interest in editorial work and became adviser on 
Nomenclature to the Bureau of British Chemical Abstracts and after some time a Chemical 
Society’s representative on the Bureau. He also represented the Society on the Com- 
missions on Nomenclature of Organic and Inorganic Chemistry of the Union internationale 
de Chimie and attended with the writer meetings of the Commissions in Paris, where he 
was always welcomed by our foreign colleagues. He edited with the writer a volume of 
Faraday Lectures in 1928 and he wrote a charming, personal account of his friend, Professor 
W. H. Perkin, who died in 1929. 

In 1934, Greenaway went to live at Mill Hill. In his own small house he was very happy ; 
but in the summer of 1937 failing strength became obvious and he had to give up his 
customary long walks. In October he had a fall, which may have been due to developing 
spinal trouble. He became rapidly worse and had to take to his bed. During this long 
illness, when he waited eagerly for the end, he remained alert and generally cheerful. 
The end came peacefully and suddenly. His ashes are interred at Hampstead, where his 
sister, Kate, is buried. 

For the Chemical Society, John Greenaway did outstanding and self-sacrificing work 
and to him the Society will always be greatly indebted. He will long be remembered for 
his personal charm and modesty by many whom he taught to appreciate, as he did so 
intensely, beautiful things. CHARLES S. GIBSON. 





ALAN HAYTHORNTHWAITE. 
1893—1938. 


ALAN HAYTHORNTHWAITE was born at Battersea in London on December 23rd, 1893. 
He was educated at the City of London School and studied chemistry at the Royal College 
of Science, obtaining the B.Sc. (Lond.) degree in 1914. He served with the Army from 
September, 1914, until November, 1915, when he was invalided out. In 1917 he joined 
the firm of Messrs. May and Baker, Ltd., whose works were then at Battersea and Wands- 
worth and in whose service he remained until his untimely death as a result of a motor 
accident on September 7th, 1938. He was at first an assistant chemist and was mainly 
engaged in the manufacture of neoarsphenamine. In 1924 he was made chemist in charge 
of the production of this and other important drugs manufactured by the firm. In the 
meantime he had found opportunity to carry out some research work on organic com- 
pounds of arsenic, as a result of which he gained the Ph.D. (Lond.) degree. He was also 
by this time a Fellow of the Institute of Chemistry. When in 1935 the subsidiary firm 
of Pharmaceutical Specialities (May and Baker), Ltd., was formed, he became chief chemist 
of that company. 

Haythornthwaite brought a keen sense of responsibility to every aspect of his work 
and his technical skill enabled him to surmount the many difficulties with which he was 
asked to deal. He was of a somewhat reserved disposition, but was ever ready to help 
those with whom his work brought him into contact and his even temperament and kindly 
nature endeared him to all his colleagues. He was in his earlier years a tennis player 
of considerable ability, but in recent years had sought his recreation in golf. He leaves 
a widow and one son. A. J. Ewins. 





GEORGE NEVILL HUNTLY. 
1866—1938. 


GEORGE NEVILL HuNTLY, who died on August 2nd last, was for many years a well-known 
figure at gatherings of chemists in London and his contributions to discussions were 
marked by knowledge and clearness of thought. 

P 
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He studied at the Royal College of Science and gained the Associateship with Honours 

in Chemistry. He was also a Bachelor of Science of London, became a Fellow of the 
Society in 1893, and obtained the Fellowship of the Institute of Chemtistry in the following 
year. !, 
A very skilful analyst, he possessed in a marked degree the ability of applying theoretical 
knowledge to the many analytical problems and technical matters on which he was con- 
sulted, for, after a few years spent in teaching chemistry, he elected to practice it, although 
he occasionally lectured in place of his friend A. M. Kellas during that great mountaineer’s 
Himalayan expeditions. In his youth Huntly was very active, and he once told me 
that it was only in actual climbing that Kellas could beat him on their Alpine holidays. 

His passion for accuracy and thoroughness was tempered by an unusual appreciation 
of the limits of precision of the methods available, but it probably prevented his making 
as great a financial success as a less gifted but more commercially minded man might 
have done. I believe much of his best work was done for professional brethren who 
called him in to grapple with problems beyond them. 

Huntly was a gas examiner to the London County Council and many other bodies. 
It was in this capacity that I made his acquaintance. Our relations, at first merely official, 
soon became cordial and on his frequent visits to the Council’s old laboratory at Craven 
Street and later at the County Hall we discussed many matters, mainly concerning 
thermometry and the calorimetry of fuel. He had an exceptional knowledge of the 
mercurial thermometer, its merits and limitations and much of his spare time was spent 
in calibration of thermometers. An early worker with the bomb calorimeter as an instru- 
ment for the valuation of commercial fuels, he did much to make known its use and the 
degree of accuracy to be obtained with it, besides the limitation imposed on precision by 
the difficulties of sampling large bulks of coal. He did much useful work on committees 
of various bodies dealing with problems of combustion and fuel examination. 

Huntly was, perhaps, not an easy man to know, but I found him, as I believe many 
others did, a generous friend, willing to tell one all he knew of a subject and to lend rare 


books and cherished apparatus. He was a hard worker, although his health seemed 
far from good and some years ago he injured his spine in a manner that appeared likely 
to lead to permanent invalidism. His sincere devotion to chemistry was altogether 
admirable. J. H. Coste. 





ARTHUR HUTCHINSON. 
July 6th, 1866—December 12th, 1937. 


ARTHUR HUTCHINSON, formerly Master of Pembroke College and Professor of Mineralogy 
in the University of Cambridge, was one whose life was spent—as teacher, investigator, 
and administrator—almost wholly in the service of the University : he held many offices, 
all of them with distinction, and won universal respect. 

His father, George Hutchinson, a London merchant, died young, and Arthur was 
brought up by his mother, who devoted her life to securing a good education for him. 

From Clifton College, where W. A. Shenstone was Science Master, he won an entrance 
scholarship in Natural Science at Christ’s College, Cambridge, and having come up to the 
University in October, 1884, he was placed in the first class in both parts of the Natural 
Sciences Tripos, taking Part I in 1886 and Part II (in chemistry and mineralogy) in 1888. 

After graduation he started chemical research with Pattison Muir in the laboratory 
of Gonville and Caius College, studying the action of potassium cyanide on bismuth 
nitrate. His crystallographic bent was at once revealed, for the chief result of the in- 
vestigation was the discovery of a new form of bismuth trioxide crystallising in regular 
tetrahedra (J., 1889, 55, 143). 

Having completed this research, he went to Wiirzburg to work under Emil Fischer. 
Fischer, at that time at the height of his investigations on the sugars, had just found 
that the amides of the hexonic acids, in contrast to the lactones, were not reducible to 
sugars (Ber., 1890, 23, 930). This was the more surprising since Guareschi had found that 
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benzamide could readily be reduced to benzyl alcohol (Ber., 1873, 6, 1462). Hutchinson 
was accordingly given the problem of investigating the reducibility of different types 
of amides. 

He found that amides in which the CO-NH, group was directly attached to an aromatic 
nucleus were reduced to the corresponding alcohol when treated with sodium amalgam in 
weakly acid solution, but aliphatic or fatty-aromatic amides could not be thus trans- 
formed. In alkaline solution the reduction took a different course. In some cases (e.g., 
anisamide) a substituted benzil was formed by a process analogous to the reduction of 
acetone to pinacol, and in others (benzamide, o-toluamide) the amide of a dihydro-acid 
of undetermined constitution resulted (J., 1890, 57, 957; Ber., 1891, 24, 173). For a 
thesis embodying this work he was awarded the degree of Ph.D. of the University of 
Wiirzburg, summa cum laude. 

At the beginning of 1891 he was back again in Cambridge, living with his mother, who 
had taken a house there. He resumed his work at the Caius laboratory and was made 
a member of the staff (assistant college lecturer), demonstrating to practical classes and 
giving a course of lectures on general and inorganic chemistry extending through the 
academical year. 

Pattison Muir was then engaged (with Forster Morley) in preparing a new edition of. 
Watts’ “‘ Dictionary of Chemistry ’’ and, while revising the article on lead, had encoun- 
tered a statement by Jacquelin that a solution of red lead in glacial acetic acid deposited 
crystals of the composition PbO,,3Ac,0. This seemed to him improbable and he directed 
Hutchinson’s attention to it. Hutchinson became interested in the compound and, 
inviting the collaboration of William Pollard, an enthusiastic undergraduate who after- 
wards became the well-known member of the Geological Survey, began an investigation 
which absorbed most of his spare time for many months. He and Pollard worked out a 
convenient method of preparing the substance, and by analyses, molecular weight deter- 
minations, and a study of its reactions showed that it was a compound of quadrivalent 
lead, the tetra-acetate Pb(CH,°CO,), (J., 1893, 63, 1136; 1896, 69, 212). 

They thus provided chemists with a valuable reagent, for Dimroth in Hutchinson’s 
former University of Wiirzburg found that it was an effective oxidising agent for organic 
compounds (Ber., 1920, 53, 484), and Criegee in the same laboratory showed that it reacted 
in a characteristic manner with various classes of compounds, notably the 1 : 2-glycols 
(Ber., 1931, 64, 260). 

Hutchinson continued to work in the Caius laboratory for four years, and during this 
period two events occurred which were of primary importance in shaping his life. The 
first of these was his election, in October, 1892, to a fellowship at Pembroke College where 
the distinguished mathematician and man of science, Sir George Stokes, was then senior 
fellow. The College was still chiefly devoted to the older studies, but they realised that 
the time had come when some provision should be made for science teaching, and of the 
many young scientists of promise then available in the University they chose Hutchinson, 
who was commended to them by his attractive personal qualities as well as by his ability. 
Besides directing the studies of science men, he took an active share in the life of the 
college and soon became recognised as a valuable member of the staff. In due course he 
was made assistant tutor, and for many years he held the office of praelector with the 
duty of presenting members of the college for degrees in the Senate House. He had 
liberal sympathies and his opinions came to be valued in the college as representing a 
point of view which, in a predominantly conservative society, might otherwise have 
been lacking. 

The second of these events was one that formed a turning point in his scientific 
career. It occurred towards the end of 1894, when the demonstratorship of mineralogy 
became vacant through the resignation of R. H. Solly, and Hutchinson was invited by 
the professor (W. J. Lewis) to take the post. He accepted the invitation and in due course 
left the Caius laboratory for the Mineralogical Museum, going to Munich during the ensuing 
long vacation (1895) to study crystallography under Groth. He held this demonstratorship 
for nearly 30 years. 

The teaching staff of the department of mineralogy consisted solely of the professor 
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and demonstrator. Hutchinson consequently bore a considerably greater burden of 
routine teaching and daily drudgery than was usual for one of his standing and attain- 
ments. However, his power of clear exposition and his gift of humour made him an 
unusually effective teacher, and the greater part of the instruction in crystallography 
and mineralogy soon passed into his hands. By the attractive style of his lectures, and 
the free use of large-scale models (mostly of his own design and construction) he made 
the subject interesting even to the less intelligent of his hearers. 

He devoted a great deal of time and thought to finding simple and effective ways of 
presenting the principles of crystallography to elementary classes, employing graphical 
methods where possible, and the stereographic protractor which he devised (Min. Mag., 
1908, 15, 93) proved of much value in facilitating the teaching of crystal drawing to 
students with no previous knowledge of spherical geometry. He afterwards showed how 
it could be adapted for rapidly indexing the spots of a Laue X-ray photograph (Min. 
Mag., 1926, 21, 10). His crystallographic slide rule also was useful, particularly for 
checking calculations. He was interested in the design of crystallographic apparatus, 
showing considerable ingenuity in this connexion, and the Hutchinson universal goniometer 
(Min. Mag., 1911, 16, 100), marked by its simple and practical construction, proved very 
serviceable for instructional purposes. 

His first mineralogical paper (Min. Mag., 1900, 12, 274) described a new mineral 
which he discovered while re-cataloguing the Carne collection of Cornish minerals pur- 
chased for the University in 1899.. On a specimen of axinite in this collection from Ros- 
common Cliff, St. Just, there was a small single crystal of another mineral listed as selenite. 
Hutchinson perceived that it was not selenite, determined its crystal form, and by analyses 
carried out on a minute fragment established its composition, CaO,SnO,,3Si0,,2H,O. 
He named it stokesite, in honour of Sir George Stokes, and this small crystal is the only 
example of the mineral that has yet been discovered. It also represents the only known 
crystalline compound which contains both stannic oxide and silica as essential constituents. 

Among other minerals investigated by him were lengenbachite from the Binnenthal, 
whose composition he determined (Min. Mag., 1907, 14, 204), and cornetite, a basic cupric 
phosphate from N. Rhodesia, of whose optical characters and composition he gave (with 
A. M. Macgregor) a complete account (Min. Mag., 1921, 19, 225). Hutchinsonite, a rare 
thallium mineral from the Binnenthal, was named in his honour by its discoverer, 
R. H. Solly. 

The investigation in which his originality was perhaps best evidenced was one on the 
diathermancy of antimonite (Min. Mag., 1903, 18, 342). He found that this substance 
was sufficiently transparent to radiations of long wave-length to enable its behaviour 
between crossed nicols to be examined by means of a thermo-couple and he thus succeeded 
in giving a definite proof that it had orthorhombic symmetry, a fact on which some doubt 
had been cast by certain observations of Drude (Ann. Phys. Chem. Wiedemann, 1888, 34, 
489). He then found (Min. Mag., 1907, 14, 199) that it transmitted enough light between 
the wave-lengths 750 and 850 to enable measurements of its refractive indices to be made 
visually in this region. In this way, using suitably cut prisms of very acute angle, he 
determined the refractive indices for the A and Z lines in the principal directions in the 
crystal. 

During the years 1915—1918 he was engaged in research in connexion with the war, 
chiefly on gas masks for the navy, and in 1918 he was made O.B.E. After the demobilis- 
ation, the great influx of men whose education had been interrupted by military service 
threw a heavy strain on every department of the University. Hutchinson had an excep- 
tionally heavy burden to bear, since in addition to his teaching and college work he had 
onerous administrative duties, the Secretaryship of the General Board of Studies having 
been entrusted to him. He was also President of the Mineralogical Society from 1921 to 
1924, and in 1922 he was elected a Fellow of the Royal Society. In the same year he 
was made university lecturer in crystallography. 

At this time he was greatly overworked, and in 1924 he had a serious breakdown. How- 
ever, he made a very complete recovery and after the death of Professor Lewis in 1926 
he was appointed as the natural successor to the chair of mineralogy. The closing years 
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of Lewis’s professorship had seen the beginning of the new era in crystallography which 
followed the discovery of X-ray diffraction, and one of the first steps taken by Hutchinson 
after his succession to the chair was to bring about the institution of a,university lecture- 
ship in structural crystallography to promote research in the field which the new method 
had opened. To this lectureship Mr. J. D. Bernal was appointed in 1927 and a laboratory 
of crystal physics was equipped. 

Hutchinson retired from the professorship under the age limit in 1931. On his retire- 
ment he was presented with his portrait, and the large and representative gathering of 
colleagues and former students who assembled to do him honour formed a striking testi- 
mony to the services he had rendered in promoting the study of mineralogy in the university. 

Two years after his appointment as Professor, the Mastership of Pembroke became 
vacant through the death of W. S. Hadley, and the college then showed the high esteem 
in which Hutchinson had come to be held by them by electing him their Master. He 
still retained his professorship, so for the next three years he was at the same time 
head of a house and head of a scientific department of the university. His tenure of the 
mastership came in a time of unusual stress, for it fell to his lot to preside over the college 
during one of the saddest periods in its history. Within the short space of four or five 
years no less than five members of the society were lost through death, some of them still 
comparatively young, and all of them holding important offices in the college. These 
successive losses from the staff threw a heavy burden on the rest, especially on the master, 
and early in 1935 Hutchinson’s health again broke down. Once more, however, he made 
an astonishing recovery, and at the beginning of the next academical year he was able 
to undertake, in addition to his duties as master, those of treasurer with the management 
of the college estates. 

His wise leadership had done much to bring the college safely through this difficult 
time, and at the unanimous request of his colleagues he retained the mastership for a 
year beyond the normal period. He retired from office in September, 1937. 

His kindliness and charm of manner, and his quiet humour, made him a delightful 
companion and won him a large circle of friends. Endowed with a strong sense of 
fairness and well-balanced judgment, he was an admirable chairman, and in consequence 
he was chosen to preside over many administrative bodies of the university. His chief 
characteristics were perhaps his deeply ingrained integrity and his disinterestedness. 

He married in 1901 Evaline, daughter of Mr. Alexander Shipley of Datchet and sister 
of his friend Sir Arthur Shipley, the zoologist, afterwards Master of Christ’s. He found 
in her a great support in all his duties and in his liberal sympathies. They had two sons 
and one daughter.* W. H. MILLs. 





PATRICK HENRY KIRKALDY. 
1871—1938. 


KIRKALDY was a Londoner, born in Stoke Newington, and received his early education 
at the Brewers’ Company’s School and at George Green’s School, Poplar, of which his 
father, John Givens Kirkaldy, was a governor. On leaving school he went into the office 
of the New Oriental Bank, Threadneedle Street. He might have become a banker— 
many years later he was a Treasurer—but after three years in the City he entered King’s 
College, London, as a student in 1891, studying chemistry with a view to an industrial 
career in the family business of paint and anti-fouling composition manufacture. After 
his three years course, however, the direction of his career was again altered, for in 1894 
he was awarded the Daniell Scholarship for original work and was appointed demon- 
strator in the chemical department at King’s; thereafter for 25 years he remained on the 
teaching staff of the College, becoming Assistant Professor in 1909. The King’s of those 
days was not the King’s of these and there were difficulties to contend with, now happily 
surmounted ; amidst these Kirkaldy laboured for the welfare of his students, both in and 


* The writer is indebted to Dr. Wm. Pollard and Prof. E. H. Minns for information and assistance. 
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out of lecture and laboratory hours. Amongst the memories of the simple but jolly 
“smokers ”’ of those times there are those of Kirkaldy’s own contributions by voice 
and violin. 

Then came the war and Kirkaldy’s contribution lay in supervision of the work allotted 
to King’s in the evaluation of coal tar for national purposes. 

In 1919 Kirkaldy retired from his Professorship at King’s and was elected a Fellow 
of the College. 

From then on for some 17 years he directed his chemical interests largely to the Institute 
of Chemistry, but during that period he was also almost continuously an Examiner to the 
Pharmaceutical Society. He had always been interested in the Institute and his services 
to it are legion. 

An Associate by examination in 1893, he was elected a Fellow in 1897 and served on 
the Council first in 1916. In 1924 he became Honorary Treasurer and held that office 
until 1936; not only as Treasurer but also in the many associated positions which often 
fall to the lot of a Treasurer, Kirkaldy well served the Institute. He was first Chairman 
of the London and South Eastern Section, was Chairman of the Finance and House Com- 
mittee and of the Benevolent Fund Committee; for many years he presided over the 
delicate deliberations of the Nominations, Examinations and Institutions Committee; he 
was always to be seen at the lectures and functions at the Institute. He is known to 
Fellows of the Chemical Society as one of the representatives of the Institute in the long 
drawn out discussions and negotiations the objective of which was union, co-operation 
and association of the chemistry bodies in this country ; the outcome of these was eventually 
the formation of the Chemical Council, on which Council he represented the Institute in 
1935 and 1936. 

In 1936, to the distress of all who were acquainted with him, failing health compelled 
his retirement from all public activities. He died on September 14th, 1938, at Crickle- 
wood in his 68th year, leaving a widow but no family. He will be remembered with 


affection by many generations of King’s students and by those of the teaching staff of that 
period who survive him : in a wider circle particularly by those for whom and with whom 
he worked at the Institute. 

He was elected a Fellow of the Chemical Society in 1895. E. HINKs. 





WILLIAM HENRY MERRETT. 
1871—1938. 


PROFESSOR W. H. MERRETT, formerly assistant-professor of metallurgy at the Royal 
School of Mines, died on October 29th last, after a brief illness. Shortly before his retire- 
ment in 1937 he had a severe stroke, which left him in indifferent health. A further 
seizure some fifteen months later unhappily proved fatal. 

William Henry Merrett was born in 1871 and was educated at St. Olave’s School, 
London. He entered the Royal School of Mines as a student in 1891 with a Royal 
Exhibition from the Board of Education, and three years later was awarded a first class 
associateship in Metallurgy. After graduation he proceeded to the Royal Mint as assistant 
to the late Sir William Roberts-Austen, who was chemist and assayer to the Mint, and also 
professor of metallurgy at the School of Mines. During the seven years spent at the Mint 
Merrett carried out researches on metals and alloys, and was responsible for much of the 
experimental work embodied in the fifth and sixth reports to the Alloys Research Committee 
of the Institution of Mechanical Engineers. In connection with this work Merrett con- 
structed the first apparatus employed to investigate the cooling of steel by a “‘ differential ”’ 
method, and he acquired great skill in the photographing of steel structures, contributing in 
no small measure to the foundation of the science of metallography as it is understood 
to-day. Merrett’s beautiful photomicrographs of those days bear witness to the meticulous 
care with which all his work was carried out, often with extemporised appliances. 

Merrett also carried out all the experimental work for a War Office and Admiralty 
Committee on Explosives and Ordnance. Mich of this work was of a confidential nature, 
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dealing with the heat treatment of gun steels, the effects of various alloying metals upon 
the properties of gun steels, and the erosion of gun tubes by explosive charges. He also 
carried out confidential investigations on service explosives. 

In 1901 Merrett was appointed to the staff of the Royal School of Mines, being the 
last to bear the title of ‘‘ Instructor in Assaying,”’ a title dating back to the foundation of the 
School. Some ten years later he became assistant professor of metallurgy, a position which 
he held until his retirement in 1937. 

From his early youth Merrett interested himself keenly in military matters, joining the 
3rd Middlesex Artillery in 1888. Some years later he transferred to the Electrical Engineers 
Volunteers, gaining valuable experience in searchlight units many years before the advent 
of aircraft. He rose to the rank of Major in the London Electrical Engineers (as the corps 
became known under the Territorial scheme), and was mobilised for active service in July, 
1914. During the War he served in charge of various coast defences and anti-aircraft 
units, and subsequently as instructor to the Ordnance College. He retired from military 
service in 1926 with the Territorial Decoration and Long Service Medal. 

Merrett was a Fellow of the Institute of Chemistry, a governor of the Camborne Mining 
School, a member of council of the Institution of Mining and Metallurgy, and a member of 
many scientific societies. 

Merrett was a successful and popular teacher, being able to draw upon his wide 
experience for illustrations to his lectures. The welfare of his students, past and present, 
was uppermost in his mind, and he loved them as they loved him. 

As a man he was kindness itself, in spite of, or maybe because of, his military leanings ; 
generous in the extreme, courteous, good-tempered—in a friendship extending over thirty- 
four years the writer cannot recall any instance of Merrett losing his temper—and wholly 
reliable. Mines’ men, and friends the world over will hold in grateful memory a lovable 
gentleman. B. DRINKWATER. 





SIR ROBERT MOND. 
1867—1938. 


By the death of Sir Robert Ludwig Mond, which occurred in Paris on October 22nd, not 
only chemical science but science generally loses one who can ill be missed and whose 
work and actions will be remembered for many generations to come. He was born at 
Farnworth, near Widnes, Lancashire, on September 9th, 1867, and was the elder son of 
the late Dr. Ludwig Mond, F.R.S. His younger brother, Alfred Moritz Mond (Baron 
Melchett), was an active politician and occupied several posts in the Government of his 
day. 

Robert Mond was educated at Cheltenham College, at St. Peter’s College, Cambridge, 
at the Zurich Polytechnicum, and at Edinburgh and Glasgow Universities. He was Hon. 
LL.D. of Liverpool and Toronto Universities, F.S.A., F.R.S. Edinburgh, and a member 
of numerous other societies, some of which, for example The Faraday Society, elected him 
to the Presidential Chair. He was elected F.R.S. this year. 

Among his activities in the domain of chemistry, he rendered his father able assistance 
in the discovery and purification of nickel carbonyl, and in the investigation of other 
compounds of similar type. His work in this field was of the highest importance in 
placing the carbonyl process for the separation of nickel on a commercial basis, thus 
providing the means for preparing nickel on the large scale. The value of this discovery, 
great as it was, has been enhanced during recent years by the fact that chromium plating 
can best be effected on a surface of nickel. Robert Mond was in no sense a specialist, 
but utilised his power of vision to survey not only the various fieids of science in which 
he was interested but also a great many subjects outside this particular sphere. His 
earlier days at Winnington provided means by which he could show the particular type 
of mind he possessed and his capacity for overcoming difficulties as they confronted him 
in his work. For he was a patient man and rarely failed to solve a problem, the solution 
of which seemed to him desirable, either by personal investigation or with the help of 
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colleagues whom he would inspire with his own enthusiasm. One of his chief attributes 
was the gift of choosing the right man for the right work, and many men in high industrial 
positions to-day stand witness to this power of selection. Nevertheless, as time pro- 
gressed he ceased to find opportunity to work at the bench and became gradually the 
administrator, in which capacity his earlier practical experience, combined with his shrewd 
knowledge of men, enabled him to become a leader and to occupy posts among the great 
industrialists of his day. It is possible that the wide knowledge and wide power of com- 
mand he held were mainly inherited, and that in these respects he followed in the footsteps 
of his father. 

After his investigations at Winnington he joined the Board of Brunner, Mond and 
Company, and later that of the Mond Nickel Company, of which he became Chairman. 

So far as his chemical activities are concerned, Robert Mond must be regarded as the 
initiator and supporter of research. His munificent donations to those sections of science 
in which he was interested and to science generally were made with an exercise of judg- 
ment and beneficence which were dictated by his great sense of generosity and kindness 
of heart. There are many men living to-day who have had an evil period of misfortune 
alleviated at the opportune moment, and sometimes entirely removed, through the help 
he provided, secretly and without desire for thanks. Having given a substantial sum to 
France for the acquirement of a Maison de la Chimie, he regarded it as only just that a 
similar sum should be given to the acquirement of a ‘‘ Chemistry House ”’ here in England. 
In fact, wherever money was wanted for a scheme of which he approved it was readily 
and willingly given. His gifts to general charities outside those he gave to science were 
numerous and generous. He founded, and supported very generously, the Hospital for 
Infants in Vincent Square as a memorial to his first wife, whose tragic death took place 
in Egypt in 1905. 

His connexion with the Davy-Faraday Research Laboratory has been described by 
the Treasurer, Sir Robert Robertson, in the following words : 

“‘ By the same deed of trust (1896) of Ludwig Mond in which he conveyed the Davy- 
Faraday Research Laboratory and its endowment to the Royal Institution, Robert Ludwig 
Mond was named Honorary Secretary for the Laboratory Committee for life. When in 
London he came occasionally to the meetings of the Committee and read the minutes. 
To the equipment and furnishing of the Davy-Faraday Laboratory, he gave much thought 
and travelled over the Continent and in America studying arrangements of laboratories 
and purchasing apparatus for his father’s foundation. Although forty years have passed 
since the laboratory was fitted up according to his designs, the arrangements of benches 
and of electrical distribution are still in use. At the celebration of the centenary of 
Faraday’s discovery of electricity from moving magnetism (1931), he represented the 
Faraday Society and gave £5000 towards the reconstruction of the theatre. His interest 
in the Davy-Faraday Laboratory continued unabated, and recently he gave £2000 to its 
funds. He also caused to be collected and printed a list of workers in the laboratory from 
1896 to 1932 with their publications. The Royal Institution has lost a good friend.” 

Mond was also responsible with others for the establishment and upkeep of the Norman 
Lockyer Observatory at Sidmouth, and he contributed largely to its maintenance. 

He was a cosmopolitan well known in all the capitals of Europe, and his activities in 
France were almost as considerable as those in his own country. Both Monsieur Auguste 
Béhal and Monsieur Louis Hauzeur spoke at the funeral orations, of which the following 
are extracts : 


M. Auguste Béhal— 

‘“‘ Membre du Conseil d’Administration de la Maison de la Chimie, il suivit de prés sa 
naissance et son developpement. Mais non content de pouvoir se compter parmi ses 
fondateurs, aussi bien par son action personnelle que par sa contribution 4 son édification 
Sir Robert s’intéressa & son activité, & sa bonne marche, s’inquiétant des moindres détails 
matériels, en méme temps que de ses projects d’avenir. 

“Tl sentit bientét qu’il fallait assurer la continuité de l’ceuvre entreprise, et il fonda 
la Société des Amis de la Maison de la Chimie. ‘ Car,’ a-t-il dit un jour, ‘ il reste beaucoup 
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a accomplir et il faudra du temps pour que le programme tracé soit entiérement exécuté. 
Chaque génération se doit d’apporter sa pierre & l’édifice collectif; les générations mon- 
tantes et celles qui leur succéderont auront & coeur de marquer de leur empreinte l’ceuvre 
que nous laissons et que nous confions 4 leur sollicitude.’ 

‘“ En créant cette nouvelle Société, Sir Robert a voulu aider moralement et matérielle- 
ment la Maison de la Chimie, et parfaire le fonctionnement de ses services. I] considérait, 
en effet, qu’il faut lui donner le moyen de recevoir tous les livres, tous les périodiques, 
tous les brevets mondiaux touchant & la chimie, et qu’il y a lieu de diffuser la document- 
ation et de vulgariser parmi le grand public les nouvelles découvertes. 

“* Mais il a voulu d’autre part, que la Maison de la Chimie devint un foyer international 
ou puissent se rencontrer les industriels et les chimistes des divers pays. 

“‘Comprenant l’importance de plus en plus grande de la coopération internationale, 
Sir Robert voulait, en créant la Société des Amis de la Maison de la Chimie, faire naitre 
un centre de rapprochement ot se retrouveraient tous ceux qui portent intérét & la chimie, 
sans tenir compte de leurs pays respectifs. 

‘‘ La Maison de la Chimie & laquelle il consacra, pendant ses derniéres années, la presque 
totalité de son activité, et la Société des Amis de la Maison de la Chimie, perdent en Sir 
Robert un Ami, un animateur eclairé, un grand protecteur. Sa perte est déja ressentie 
profondement dans notre Maison et son souvenir toujours vivace animera constamment 
notre action.” 


M. Louis Hauzeur— 

‘“‘ Chimiste et industriel, Sir Robert Mond ne s’intéressait pas moins & l’aspect com- 
mercial et social des vastes industries qu’il dirigeait. Qu’il me soit permis de rappeler 
ici qu’il fut, en Angleterre, un ardent champion de l’adoption de la journée de huit heures 
et du congé hebdomadaire payé. Sa philanthropie se manifestait en toute occasion. Il 
créa un hdépital destiné & étudier les meilleures conditions de la nutrition des enfants, ce 
qui l’amena & s’occuper d’élevage, pour avoir du lait pur. 

“‘ Ses goiits l’avaient porté vers l’égyptologie. Dans ce domaine il découvrit le secret 
du fameux bleu égyptien, employé si abondamment dans les poteries anciennes. 

““ Tous les aspects de la chimie l’intéressaient. Et l’une de ses joies les plus profondes 
était de guider et d’encourager les jeunes chercheurs qui venaient prendre conseil auprés 
de lui, dans ses laboratoires de Combe Banks, ou il s’était transporté aprés la mort de son 
pére en 1910. 

“ L’histoire des origines les plus lointaines de la chimie avait retenu son attention. Il 
avait fondé tout récemment une revue trés vivante, consacrée 4 l’alchimie. 

‘“‘ Sir Robert Mond était un fervent ami de la France, dont on peut dire qu’il avait fait 
sa seconde patrie. Et l’un des plus précieux témoignages qu’il en ait donnés, c’est le réle 
éminent qu’il joua dans les destinées de notre Société. Nul mieux que lui n’avait compris 
tout ce qu’une pareille charge comporte, tout ce qui peut en rayonner de vraiment humain. 
Il ne négligea rien qui put mettre les chimistes et les industriels en contact les uns avec 
les autres, soit & l’occasion de nos congrés, soit dans les réunions sociales qu’il organisa 
toujours avec munificence.”’ 


The fellowship of the Royal Society conferred on Robert Mond this year gave him 
probably the greatest pleasure of all the honours he received. He had received the honour 
of knighthood in 1932 and had been promoted Commandeur de la Légion d’Honneur from 
that of Officer. He held the Honorary Degrees of LL.D. of Liverpool and Toronto, and 
therefore possessed the State and Academic Distinctions in this country he so fully deserved. 
But the crowning recognition, that of recognition by his fellow scientists, was still lacking, 
and so long as this was absent all else mattered little. It is pleasing to know that he 
lived to receive this recognition and that he was a proud man when he heard of his election. 

Another field in which Robert Mond showed a wide interest was that of Egyptology, 
and his name will be remembered not only as one who possessed the keenest interest in 
the subject but also as the benefactor who contributed largely to its needs. The able 
manner in which this work was carried out is indicated by the publication of three volumes 
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entitled ‘‘ The Bucheum,”’ by Robert Mond and Oliver Myres, and by two volumes issued 
last year entitled ‘‘ The Cemeteries of Armant.’’ His activities in this connexion are well 
told by Professor Percy E. Newberry in Nature of November 12th, 1938. 

In connexion with Mond’s work for Palestine Exploration, Professor John L. Myres 
in a letter to the writer, says: “‘ I first made Mond’s acquaintance in Liverpool and owed 
much in my own work to his extraordinary originality and quick grasp of a situation and 
aremedy. He always left one with a stimulating sense of responsibility for “ doing some- 
thing about it.’’’ Professor Myres sent the following account which he had prepared 
for the Palestine Quarterly, and which he has allowed the writer to use: ‘“‘ When Palestine 
became a Mandated Territory, and was assigned to Great Britain, the care of ancient 
monuments devolved on the new administration. At the same time the duty of regulating 
and facilitating the archeological researches of all countries alike had to be undertaken. 
It was obviously necessary in these circumstances to provide an advanced base for British 
scholars, who had done much for the archeology of Palestine in earlier years; and also 
to create a trained staff for the new Department of Antiquities. The more cautious 
wished to raise an endowment before beginning to organize or to explore on the spot. 
But Sir Robert Mond thought otherwise, and it was through his personal efforts, backed 
by generous benefactions and guarantees, that the British Academy and the Palestine 
Exploration Fund were induced to join in establishing a ‘ British School of Archeology in 
Jerusalem ’ on the lines already found valuable for many years in Athens and in Rome. The 
University of Liverpool lent the services of Professor John Garstang as Director, and on him 
the Government of Palestine conferred in addition the Directorship of the Department of 
Antiquities, which was thus enabled to come into action at once, within the premises 
acquired for the School, and with an inspectorate consisting, in the main, of the School’s 
staff and students; the Colonial Office contributed a subsidy of £500 a year to be adminis- 
tered by the School’s Council. Thus the administration was given indispensable help in 
carrying out its duty to archeology under the terms of the Mandate, and British arche- 
ologists were put, in respect of local establishments and other important considerations, 
on the Same footing as those of other nations. In all this work, Sir Robert Mond was 
the guiding spirit, both in London and in Jerusalem, as well as the chief financial sup- 
porter. When tbe School and the Department were eventually separated, and the Govern- 
ment of Palestine financed as well as administered its own organisation, he remained 
Honorary Treasurer of the School, and was responsible in great measure for its existence. 
Especially was this the case after the withdrawal of the Colonial Office grant, which rendered 
it necessary for him to continue the close relationship which existed between the Palestine 
Exploration Fund at home and the London Office of the School, to which it had always 
extended its hospitality. 

““ Among Sir R. Mond’s latest benefactions, his gifts to the valuable library in order 
to bring it up to date are well worthy of record. Periodicals and books of reference which 
are useless unless up to date, were supplemented by him on his own initiative and without 
outside help. 

“Tt was to Sir Robert Mond also that the School owed its ability to support the researches 
of Miss Dorothy Garrod and her colleagues in the cave deposits of Mount Carmel, which 
have yielded exceptionally valuable evidence of the antiquity of man in the Near East 
and of the climatic and faunal circumstances of his early occupancy of Palestine. This 
was a field of exploration which appealed both to his scientific as well as to his historical 
interests, and involved the kind of team-work which he loved to encourage. 

“It was the academic and instructional aspect of the British School in Jerusalem 
which interested him. When he excavated on his own account, or in conjunction with 
others, in Palestine, it was always an independent enterprise, for which he made himself 
responsible. The School’s excavations were intended to be made for the training of its 
own students, and were to be exercises in field technique. He never concealed his opinion 
that the maintenance of the necessary establishments for such advanced studies and field 
training was a contribution both to the advancement of learning and to such efficient 
administration as might reasonably be expected of a civilised country. His own generous 
contributions to this end he regarded as a patriotic duty. Ultimately, the strength of 
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public opinion made this obvious and led to Government action, which is illustrated by 
what actually happened in regard to the antiquities of Palestine. The School, by his 
death, loses not only a munificent founder, and wise councillor, but one whose place it 
will be very difficult to fill.” 

In his youth Robert Mond was an assistarit to Lord Kelvin, and he has been heard 
to express his deep sense of admiration for this great man. He was twice married, his 
first wife, Helen Edith Levis, dying in Egypt and leaving him two daughters. He married 
again in 1922, his second wife being Marie Louise Le Manach of Belle Isle en Terre in 
Brittany, who survives him. He was cremated in Paris, and his ashes interred at Belle 
Isle en Terre. A kindly host, he was ever ready to welcome his friends either at his 
London house or at his flat in Paris. . He leaves many relatives and friends who mourn 
his loss. J. F. THORPE. 





ARDESHIR NASERVANJI PESTON-JAMAS. 
1883—1937. 


ARDESHIR NASERVANJI PESTON-JAMAS, whose death took place at Bombay on November 
19th, 1937, was born at Surat on July 8th, 1883, and educated at the Government High 
School and the Gujarat College, Ahmedabad; Wilson College, Bombay; and the Techno- 
chemical Laboratory of the late Professor T. K. Gajjar, Bombay. He graduated B.A. 
of Bombay University in 1906, B.Sc. in 1907, and M.A. in 1908. 

Peston-Jamas’s knowledge of geology and chemistry largely determined his profes- 
sional career. Within a dozen years of his graduation he had held a number of appoint- 
ments, among them being the posts of Geologist, Eastern Syndicate, Ltd., London, Assis- 
tant Manager of the Gorumahisani Iron Mines, Manager of the Singbhum Copper Co., 
and State Geologist of the Nawanagar State. 

He was commissioned at different times by important industrial interests to investigate 
coal, iron, limestone, manganese, mica, bauxite and chromite deposits in India, and he 
reported on the mineral resources of the Dhrangadhra State. In later years he carried on 
business under his own name as geologist and prospector. 

Peston-Jamas was of a a and generous disposition, an excellent companion and 
a good friend. 

He was elected a Fellow in 1912. A. R. NORMAND. 





BERTRAM PRENTICE. 
1867—1938. 


BERTRAM PRENTICE, who died at Disley, Cheshire, in April, 1938, was born in Edinburgh 
in September, 1867. He received his earlier education at George Watson’s College, Edin- 
burgh, and having chosen chemistry for his future career, he continued his studies at the 
Heriot-Watt College and at the University of Edinburgh. He obtained his B.Sc. degree 
in 1893 and his Doctorate in 1894. He was awarded the Baxter Scholarship of Edinburgh 
University and during its tenure studied chemistry in Germany—first at Halle under 
Volhard and later in Munich under Baeyer. He carried out research under the latter, 
and for his doctorate put forward a thesis on “‘ Some derivatives of dimethylacrylic acid,”’ 
being awarded the degree of Ph.D. “‘ summa cum laude.” 

Prentice’s teaching career began at the Heriot-Watt College, Edinburgh, where he was 
demonstrator and lecturer under W. H. Perkin, jun. In August, 1896, he was appointed 
Head of the Chemistry Department at the Royal Technical College, Salford (then the 
Royal Technical Institute), which had just been built. He remained here until his retire- 
ment in September, 1932. During the period 1909—1932 Prentice was Principal of the 
Coilege. 

An enthusiastic chemist, he published a number of original papers, and it was a matter 
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of keen regret to him that the pressure of his teaching and administrative duties limited 
his activities in research. 

He was very prominent in educational affairs, locally and nationally. For many years 
he was Treasurer of the Association of Principals in Technical Institutions and later was 
President of the Association. He was also on the panel of the Burnham Committee. 

As a teacher, he was remembered with great respect and affection by many generations 
of students. This was well shown by the gathering of ex-students at his retirement and 
by the many letters of greeting sent to that meeting by ex-students from all over the 
world. His former students would learn of his death with sorrow. E. CLARK. 





KOTARO SHIMOMURA. 
1861—1937. 


Born at Kumamoto in 1361, the eldest son of a poor Samurai family, just before the 
downfall of the Tokugawa and the restoration of the Mikado’s power, Shimomura trod a 
thorny path during his youth. When about twelve years old, he attended the Kumamoto 
Yogakko, a school established by the Daimyo of Higo, where an American, Captain L. L. 
Janes, was engaged to instruct the sons of Samurais in the science and arts of the West. 
Young Kotaro imbibed confused ideas about science and Christianity: the latter was 
branded in those days as devil’s magic. Lessons in physics, chemistry, and astronomy 
were so wonderful to the intelligent boy that they became more or less mixed in his mind 
with the miraculous elements in Christianity. This led to his going to Kyoto in 1876 to 
study theology at the Doshisha Institute, then the sole mission school, founded by Dr. 
Niijima. From theology he was drawn to metaphysics, which for a time absorbed all his 
interest. However, becoming disgusted with the emptiness of the latter, he resorted to 
scientific reading. Misfortune then befell the family and the sudden death of his father 
laid on Shimomura the responsibility of supporting his mother and six young sisters. 
Notwithstanding these obstacles, he managed to go to America in 1885, when he was 
twenty-five years old, and entered the Worcester Polytechnic Institute, where he took a 
course of chemistry and graduated with the degree of B.S. with honours. Then he went 
to Johns Hopkins University, where he studied organic chemistry under Prof. Ira Remsen. 

Meanwhile Mr. J. N. Harris, a millionaire of New London, had decided to found a school 
of science in Japan, and he asked Shimomura to start one on his endowment of $100,000. 
Shimomura returned to Japan in 1889 and devoted himself to the organisation of the 
Harris School of Science in the Doshisha Institute. He became the Director and Pro- 
fessor of Chemistry, but unfortunately differences arose between him and the Trustees 
of the Doshisha with regard to the execution of the endowment deed, which culminated 
in his resignation after five years’ service. 

Shimomura was now facing a crisis in his life, for he had never thought of any other 
career than teaching as his profession. After careful consideration, he decided to enter 
the industrial world. By-product coking, an industry entirely neglected in Japan and 
America in those days, and only very little practised in England, was his choice. He 
went abroad in 1896 to investigate the subject and after consulting many savants and 
technologists came at last in contact with the Solvay Co. in Brussels, who received him 
cordially and gave him ample opportunity of studying their by-product coke-ovens, known 
as the Semet-—Solvay system, and their working. On returning to Japan, he built and 
started in 1898, for the newly founded Osaka Seimi Works Co., a battery of 16 Semet- 
Solvay coke-ovens—the first by-product coke-ovens built in Japan. This type of oven 
proved so successful that it was adopted by the Imperial Steel Works (150 ovens) and 
other companies. Coal-tar in those days had very little value in Japan. On acquiring 
a long-term contract with the Imperial Steel Works for their tar, Shimomura, in con- 
junction with the Osaka Gas Co., formed the Toyo Wood Preserving Co., the first successful 
enterprise in Japan for creosoting railway sleepers and telegraph poles. 

When the Great War broke out, Shimomura undertook research work on synthetic 
dyes. One night, when he was engaged in experimental work in his private laboratory, 
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a violent explosion occurred, which left him totally blind for many years: he never fully 
recovered his eyesight. 

The Japan Dyestuff Manufacturing Co., subsidised by the Government, was founded 
in 1915 and Shimomura was asked to design the plant and start the work. On completion 
of the first stage of the programme he retired from active work and served the company 
as an adviser. 

Busily engaged though he was in many directions, Shimomura always retained a 
great interest in the welfare of the Osaka Seimi Works Co., which had been established at 
his instigation, and the last act he did for this company, after nearly thirty years’ flourish- 
ing existence, was its amalgamation, in 1925, with the Osaka Gas Co., with benefit to both 
companies. 

Shimomura was much interested in improving the quality of coke, and as early as 
1908 he took out a patent for the manufacture of hard coke from highly volatile native 
coals (which usually give so-called fingery coke) blended with a semi-coke containing 
15—20% of volatile matter (termed ‘‘ X-coal”’) obtained by carbonising highly volatile 
coals at about 500°. A similar process was later developed independently in the Sarre 
district by St. Claire Deville. Blending with semi-coke has since become so popularised 
that it is now practised in several places both in Japan and abroad. 

The degrees of Dr.Ing. from the Japanese Government (1915) and D.Eng. (Hon.) from 
the Worcester Polytechnic Institute (1933) were conferred on Shimomura, and he was 
awarded by His Imperial Majesty a Blue Ribbon Medal. (1924) for his services to chemical 
industry. 

Shimomura was quiet and deep-thinking in character, and disliked all social functions, 
spending most of his spare time in reading, writing, and experimenting in spite of his 
impaired eyesight. In his advanced age, he was specially absorbed in religious science, 
philosophy, and poetry, and, apart from many scientific papers, he published two books 
on religion and the immortality of the soul. He was true in his friendships, and among 
his English friends the names of Watson Smith, Arthur Dickinson, Prof. Smithells, Prof. 
Cohen, and Sir Ferguson Bell may be mentioned. 


He is survived by his wife, two sons, both chemists, and a daughter. 
AKIRA SHIMOMURA. 





FREDERICK WOODLAND TOMS. 
1856—1938. 


FREDERICK WOODLAND Toms, who died at his home in Jersey on July 20th at the age 
of 82, had been a Fellow of the Society since 1877. He was the son of Frederick Toms 
of the editorial staff and, for the latter part of his life, editor-in-chief of The Field. 

Toms was educated at the City of London School, where he happened to be a con- 
temporary of the present writer, and where a common devotion to the chemical instruction 
of Henry Durham and Isaac Scarf (still remembered by a few surviving chemical “‘ Old 
Citizens’) led to an intimate friendship which, despite later geographical separation, 
proved to be of lifelong duration. 

On leaving school in 1875 Toms became a pupil assistant of the late R. V. Tuson, 
Professor of Chemistry at the Royal Veterinary College, where he remained for two years, 
after which he went for three years to the Royal College of Science, studying chemistry 
under Professor (later Sir) Edward Frankland, to whom during much of this time he 
acted as personal assistant chiefly, but not wholly, in matters relating to water analysis. 
He then went, on Frankland’s recommendation, to Dr. (later Sir) William Perkin, in 
whose organic research laboratory at Sudbury he served for two years. 

Following this he went to Guy’s Hospital as senior assistant in the physiological research 
laboratory of the late Dr. F. W. Pavy, F.R.S., where he remained until the year 1884, 
when he was appointed as the first resident Official Analyst to the States of Jersey. The 
duties of this appointment he carried out for 47 years, retiring in 1931 in favour of his 
assistant, Mr. C. P. Money, who still holds office. 

Q 
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The Jersey appointment afforded room for considerable activity in connection with 
the administration of the law relating to adulteration of food, in which, however, Toms 
for a number of years found himself seriously hampered by the futility of the local appli- 
cation of the milk standards or limits elsewhere in force (or in use), having regard to the 
natural richness of the milk of Jersey cattle which constitute the only breed on the Island. 
Ultimately, he was successful in obtaining the official adoption of a local standard more 
effective for the prevention of adulteration. 

Food and drug analysis, however, formed but one phase of his work. His father’s 
connection with agricultural journalism, together with his own early experience at the 
Veterinary College, had naturally led him to take an interest in such branches of science 
as bore upon agricultural practice, and he had already contributed to The Field a series 
of articles on the chemistry of ensilage at the time when its novel introduction into farm 
practice was engaging attention at home and abroad. He now found under the auspices 
of the Jersey Royal Agricultural Society ample scope for investigation relating to soils 
and fertilisers under the intensive system of farming and market gardening prevailing in 
the Island; and of this he was not slow to avail himself. The consumption of artificial 
fertilisers in Jersey was then, as it still is, large in relation to the area of ground under 
cultivation, and Toms found that at that time local knowledge of the origin, composition, 
and properties of fertilisers was often vague and their use empirical and often illogical, 
while the prices paid for them were sometimes in anything but reasonable adjustment to 
their relative intrinsic or productive value. He initiated field experiments on the manur- 
ing of the staple crops of the Island, mainly potatoes and tomatoes, in various districts, 
and the lessons derived from them were promulgated with a clearness and simplicity of 
exposition which soon led to a confident demand for his advice, as well as to insistence 
on proper guarantees of composition by the vendors of fertilisers and on the checking of 
these by analysis. Later such guarantees became legally compulsory, as in this country. 

His attention as States Analyst was also demanded in relation to water supplies, gas, 
building materials, and articles coming under fiscal supervision and in other miscellaneous 
directions. 

His experiences in Jersey were mainly recorded in his long series of official annual 
reports and consequently his direct contributions to scientific journals were but few. 
Among them was one by himself and C. P. Money on the “ Separation of Lead Tetra-ethy] 
from Solution in Petroleum Spirit ’’ (Analyst, 1928, 58, 328), based upon observations made 
by Frankland and Lawrence (J., 1879, 35, 244) at the time when he, Toms, was a research 
student in Frankland’s laboratory. The reagent used for the separation of the lead tetra- 
ethyl was sulphur dioxide and the lead assessment was made by conversion of the reaction 
product into lead sulphate by ‘‘ wet combustion.” 

As an instance of his earlier versatility it may be mentioned that as long ago as 1878 
he carried out for The Field an investigation into the comparative composition of various 
explosives used for sporting purposes, finding that the excessive violence of certain brands 
of wood powder which had been productive of trouble was due to faulty proportion between 
two varieties of nitrocellulose used in their composition. A summary of this investigation 
appeared among the “ Abstracts ”’ (J., 1878, 34, 923). 

Toms was elected an Associate of the Institute of Chemistry at the time of its formation 
in 1878, becoming a Fellow in 1883, and he was an original member of the Society of 
Chemical Industry, and a member of the Society of Public Analysts in 1884 at the time 
of his Jersey appointment. 

He was married in 1887 to Emily, daughter of the late Frazer Hopwood, of the Orange 
Free State, and step-daughter of the late George Snell, of Jersey, who survives him with 
two sons, one of whom, Frazer Toms, has recently retired from the post of Deputy Inspector- 
General of Police in the Punjab, and the other, Humphrey Toms, is in medical practice 
in England. 

The life of Toms was one of enthusiastic and unflagging devotion to duty, and his 


friendship was precious to those who were fortunate enough to enjoy it. 
BERNARD DYER. 
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U TIN. 
1898—1938. 


U Tin was born in Henzada, Lower Burma, on August 8th, 1898. He received his early 
education at the Government High School, Henzada, and in 1916 joined the Burma 
Government Medical School, Rangoon. Here he had a distinguished career and obtained 
his diploma in 1920. He then joined the staff of the school as a demonstrator. In 1922 
he joined the Civil Medical Department of Burma as a sub-assistant surgeon and served 
in various stations in the Shan States and on the Chinese border. 

In 1926 he was appointed Assistant Chemical Examiner and Assistant to the Police 
Surgeon, Rangoon, under Lt.-Col. T. F. Owens, I.M.S., Chemical Examiner to the Govern- 
ment of Burma. He was a brilliant, hardworking, reliable assistant. In 1930 he went 
to England for three years and worked at Guy’s Hospital, London, and in 1933 he obtained 
the M.R.C.S. (Eng.) and L.R.C.P. (Lond.) diplomas. In the same year he returned to 
Burma to his former appointment. His ability and devotion to duty were most marked ; 
he worked in his laboratory until the afternoon of the day of his death. His loss is keenly 
felt in the laboratory where he served. 

U Tin married in 1928, Ma Saw, the daughter of a Lower Burma landowner, and left 
one daughter and one son. 

U Tin was the Secretary of the Provincial Medical Services Association and the present 
sound position of the Association is largely due to his guidance and care. 

D. H. PEAcocK. 





HERMANN THEODORE VULTE. 
1858—1937. 


HERMANN THEODORE VULTE died at his home in New Jersey on December 10th, 1937, 
in his 80th year. Vulté was born in New York City on July 21st, 1858. He received his 
scientific training in the schools of Columbia University, first earning the Ph.B. degree 
in the School of Mines in 1881, and later the Ph.D. degree in the Graduate School in 1885. 
He was elected a fellow of the Chemical Society on November 19th, 1895. 

In 1879 Vulté married Eugenia Wilhelmina Charlotte Fielitz. They made their home 
in New Rochelle. To them were born five sons. In 1930, several years after the death 
of his first wife, he married Martha Chellis and moved to New Jersey, where they spent 
the remaining years of his life in quiet retirement. 

Vulté lived during his active years in the City of New Rochelle, where he served the 
civic interests of his community through his advice to and service in the Health and Sani- 
tation Departments. Except for two years, 1881—1883, while he was Superintendent of 
Columbia Chemical Works, Brooklyn, New York, Vulté was a student or instructor in 
one or more of the schools of Columbia University from 1877 to his retirement in 1928. 
Chronologically, Student 1877—-81; Fellow and Graduate Student 1883—85; Assistant 
Instructor in Chemistry, School of Mines, 1885—92; Tutor in Chemistry, Columbia Uni- 
versity 1892—97 ; Instructor in Chemistry, College of Physicians and Surgeons 1897—1904 ; 
Instructor in Chemistry, Barnard College 1892—1900. Since 1899 he was associated with 
Teachers College, Columbia University, as Lecturer in Domestic Science and Art 1899— 
1900; Lecturer in Domestic Science 1900—04; Adjunct Professor of Domestic Science 
1904—09; of Household Chemistry 1909—10; Assistant Professor of Household Arts 
1901—23; and Associate Professor of Household Chemistry 1924—28, at which time he 
retired from active service. 

It was in the field of Household Chemistry and Arts that Vulté made his most valuable 
contributions to teaching and in his recorded contributions to literature. His best known 
publications are the following textbooks—‘‘ Laboratory Notes in Household Chemistry for 
the use of Students in Domestic Science’; co-author with S. B. Vanderbilt of a text 
“ Household Chemistry for the Use of Students in Household Arts,” and with G. A. Goodell 
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of one titled ‘‘ Food Industries; Textbook on the Production and Manufacture of Staple 
Foods for Use in High Schools and Colleges.” He also contributed to periodicals in the 
field of Household Chemistry. 

Vulté was known to his co-workers and friends as a most genial and helpful companion, 
His breadth of information and willingness to share it will never be forgotten by those 
who enjoyed this companionship. He will be remembered by all who knew him as one 
who was always ready to give a helping hand, and one who could meet adversity with a 
smile. He retained his wholesome outlook on life and his devotion to his work to the end. 

CLIFFORD D. CARPENTER. 





45. The Influence of Substituents on the Additive Reactivity of Ethylene 
Derivatives. Part IV. The Mechanism of the Reaction. 


By SEKHARIPURAM VY, ANANTAKRISHNAN and R. VENKATARAMAN. 


The mechanism of bromine addition to olefins is found to be complex. The influence 
of positive catalysts like iodine monochloride and hydrogen bromide, combined with 
that of the negative catalyst antimony tribromide, can best be explained by means of a 
simple chain mechanism. A tentative scheme for such a mechanism is given. With 
sufficient concentration of the catalyst, it is found that the reaction apparently becomes 
bimolecular. Under such conditions, comparison of additive reactivities by a com- 
petitive method becomes feasible. 


RECENT investigations have shown that the mechanism of bromine addition to ethylene 
derivatives is still unsolved, as was noticed by Anantakrishnan and Ingold (J., 1935, 984, 
1396). It is now generally accepted that, in solution, whether in an ionising or in a non- 
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ionising medium, the polarised bromine molecule, rather than the individual ions, takes 
part in the addition, the reaction being initiated by the positive halogen. The com- 
petitive method adopted by Ingold and his co-workers implies the validity of this idea, as 
well as the conception that under controlled catalytic conditions, in any solvent, the addition 
reaction may be deemed to be of the first order with respect to the olefin, and that there is 
only one dominating catalyst. The experiments following Williams’s discovery (J., 1932, 
2911) that the reaction is autocatalytic in carbon tetrachloride indicated that the same 
holds good in the case of polar solvents, and that the initial addition of hydrogen bromide 
or quinoline eliminates this autocatalysis. The recent work of Robertson and his co-workers 
(J., 1937, 335), which apparently shows that the reaction in acetic acid is termolecular, 
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however, necessitated a thorough examination of the mechanism before the competitive 
study was extended. 

In the competitive method, it was considered desirable to avoid the use of hydroxylic 
solvents, since there is the possibility of the solvent reacting with bromine and the 
hydroxyl ion competing with the bromine. At the same time, the nature of the reaction 
indicated that a polar solvent is desirable to minimise side effects. Since Robertson’s 
experiments were carried out in acetic acid, this solvent was chosen for the present studies 
so as to decide the question beyond doubt irrespective of the solvent. A later communi- 
cation will deal with the influence of solvent and of temperature. Also, in the present 
studies unsaturated aliphatic acids have been preferred to cinnamic acids in order to avoid 
the complication of the duplex polar character of the phenyl group. In all the cases 
examined, irrespective of the concentration of the reactants, a distinct period of induction 
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is noticed, the exact period, however, increasing with dilution of the reagents. Further, 
the induction period appears to arise from some factor depending more on the halogen 
than on the olefin (see Tables I and II and Figs. 1, 2, and 3). 


TABLE I. 
Rate of addition of bromine to tiglic acid in acetic acid (Fig. 1). 


Period of Time (mins.) taken for percentage reaction. 

Curve induction, - A . 

No. [Acid]. [Br,]. mins. 5%. 10%. 15%. 20%. 30%. 40%. 50%. 60%. 
I m/30 m/60 9 33 63 95 133 208 300 410 575 
II m/60 m/60 10 100 178 260 360 590 850 1196 a 
III m/30 m/120 25 153 290 365 420 — — = sine 
m/60 m/120 24 175 355 475 575 790 1000 1270 1640 


Rate of addition of bromine to trans-crotonic acid in acetic acid (Fig. 2). 


m/15 m/15 4 60 104 152 190 272 360 475 664 
u/30 M/15 5 86 145 196 244 346 466 612 — 
M/15 m/30 14 115 204 280 350 480 620 768 945 
m/30 m/30 25 218 380 535 675 955 1275 1800 —_ 


The next problem is the elimination of the period of induction and the calculation of 
the velocity constant. The existence of autocatalysis in the reaction has been observed 
by a number of workers (Hofmann and Kirmreuther, Ber., 1909, 42,4481; Bauer and Moser, 
Ber., 1907, 40, 1918; Williams and James, J., 1928, 343; Anantakrishnan and Ingold, 
loc. cit.), It is equally well known that the purity of the bromine used is an essential 
factor in the observation both of the period of induction and of autocatalysis : the bromine 
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used in these experiments was purified by the process used by Anantakrishnan and Ingold 
(loc. cit.), for mere distillation over potassium bromide does not afford bromine of sufficient 
purity. Moreover, it was obvious that hydrogen bromide which might be formed by a 


TABLE II. 


Effect of concentration and catalysts on the period of induction in the addition of bromine to 
crotonic acid (Fig. 3). 

Solution. Period of Time (mins.) taken for percentage reaction. 
Curve -— “ —~ induction, - © “iy 
No. [Acid]. [Br,]. [HBr]. mins. 1%. 2%. 3%. 4%. 6%. 6%. 7%. 
I m/30 M/30 _ 25 70 112 150 1838 218 247 = # 282 
II m/15 m/15 — 4 16 28 40 50 60 69 78 
III m/15 M/15 = 6-90% Q 2 6 9 12 15 18 21 


side reaction functions as a catalyst, as found by Williams (J., 1932, 2911) and by Anan- 
takrishnan and Ingold (loc. cit.). Contrary to Robertson’s observations, hydrogen bromide 
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dissolved in the dry solvent functions as a catalyst. Further, Briiner and Fischler (Z. 
Elektrochem., 1914, 20, 84) noticed that iodine bromide and antimony tribromide also 
function as catalysts, leading to reactions which give bimolecular constants. It is now found 
that both hydrogen bromide and iodine monochloride function as very effective catalysts 
in eliminating the period of induction, and that both give nearly the same bimolecular 
constant when present in equivalent concentrations. A minimum concentration of catalyst 


TABLE, III. 


Effect of catalysts on the rate of addition of bromine to trans-crotonic acid in acetic acid 
(concentration of reactants, M/15) (Fig. 4). ; 


Mols. % Period of Time (mins.) taken for percentage reaction. 
Curve of induction, -— . . 
No. Catalyst. catalyst. mins. 5%. 10%. 15%. 20%. 30%. 40%. 50%. 
I _ 104 152 190 272 360 475 
05 99 136 170 232 316 444 
87 116 150 223 313 
31 48 68 115 176 
84 116 149 217 295 
32 49 68 118 184 
121 160 199 283 371 
161 225 280 388 611 
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is, however, necessary to give a bimolecular constant, and in these two cases, it seems to be 
about 7-5 mols. of catalyst per 100 mols. of olefin (Tables III and IV). 


TABLE IV. 


Value of k, and k,* for the reaction between trans-crotonic acid and bromine (concentration, 
M/15) in acetic acid, with and without catalysts (unit of time = 1 min.). 


Mols. of Period 

catalyst per of in- Values of k, and k, for percentage reaction. 

mol. of each duction, c a 
Catalyst. reactant. mins. 5%. 10%. 15%. - 380%. 40%. 
100k, 1-32 1-60 1-74 ° 2-36 2-78 
3 0-81 1-02 1-14 ° 1-72 2-22 
100k, 1-41 1-68 1-95 ; 2-77 3-16 
3 0-868 1-07 1:27 “ 2-02 2-53 
100k, 1-46 1-92 2-28 2-88 3-21 
3 0-90 1-21 1-49 2-10 2-56 
100k, 5-25 5-38 5-52 5-59 5-68 
3 3-24 3-41 3-60 4:07 4°55 
100k, 1-75 1-09 2-28 2-96 3-39 
3 1-08 1-26 1-49 2-16 2-71 
100k, 3-95 5-21 5-41 5-45 5-44 
7-80 . 2-43 3-30 3-53 3-97 4-35 
100k, 1-13 1-38 1-67 2-27 2-70 
SbBr, 1-00 20 3 0-695 0-872 1-08 1-66 2-16 
100k, 0-88 1-04 1-18 1-17 1-96 
pm 6-40 28 ks 0-540 0-656 0-768 1-21 1-57 

* Values of k, were calculated by Robertson’s equation (loc. cit.); hk, and k, are respectively the 

bimolecular and termolecular constants. 
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It is significant that the efficient catalysts are both compounds which can form higher 
complexes with bromine. Also, it has been established that there is some association, 
possibly electrostatic, between ethylene and hydrogen bromide (Maass and Wright, J. 
Amer. Chem. Soc., 1924, 46, 2664). 

Combined with the work on ethylene, the present experiments clearly show that the 
induction period and autocatalysis are quite general and not peculiar to certain compounds. 
This view is supported by the observation of most workers in this field that, even in the 
cases where apparently no induction period exists, there is evolution of hydrogen bromide 
during the reaction. 

As shown by the values of the constants k, and k, in Table IV, both for the reaction 
in which there is no initial addition of catalyst and for the one with catalyst, a simple 
termolecular reaction cannot account for the course followed. Obviously, the reaction 
can only be interpreted by a chain mechanism. The work of Pease and Walz (J. Amer. 
Chem. Soc., 1931, 58, 3728) indicated a chain mechanism for the thermal chlorination of 
methane analogous to the photochemical reaction. It is well known that the photo- 
chemical reaction between bromine and ethylene in solution or in the gaseous phase is 
definitely a chain reaction, and it is not unlikely that the thermal reaction also depends 
upon reaction chains. 

Semenoff (‘‘ Chemical Kinetics and Chain Reactions,” Oxford, 1935, p. 463) considers 
that ‘‘ the kinetics of any chemical reaction is that of a chain mechanism and that the 
particular cases involving reactions with short chains or those reactions requiring but little 
energy of activation, which can be interpreted without recourse to chains are rare.” Later, 
he states ‘‘ that the existence of an induction period and the further progress of the reaction 
according to curves of the type 1 — e™ or e™ can be attributed to the development of 
chains.” Now an examination of the curves (Nos. IV of Figs. 1, 2, and 4) clearly shows 
that we are dealing with a reaction of this type. It will be noticed that in the latter half 
of the reaction, the curve deviates from the theoretical exponential type as may be expected 
from the gradual decrease of the effective concentration of the initial substances owing to 
reaction (see Semenoff, of. cit., p. 67). Since the initial addition of hydrogen bromide in 
sufficient quantity eliminates the period of induction and also, apparently, reduces the 
reaction to one of a simple bimolecular mechanism, it is obvious that the hydrogen bromide 
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plays an important part in the mechanism of addition, which may be considered to take 


place as follows : 
i i i 
(3) Br, + HBr —> Br, + HBr 
(4) H,C = CH, * ® 
{ | 4 Br,—>» CH,Br-CH, + HBr + Br- 
H—Br 
® 
(5) CH,Br-CH + Br- —> CH,Br-CH,Br 
Stage (1) accounts for the formation of small amounts of hydrogen bromide in the 
initial stage; stage (2) indicates the possible electrostatic attraction between the olefin and 
It 


hydrogen bromide. Stage (3) explains the réle of hydrogen bromide as an activator. 
is unnecessary to postulate the formation of hydrogen perbromide since it is known that 
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the formation of this requires the presence of an ionising solvent, and hydrogen bromide 
is known to catalyse the reaction even in carbon tetrachloride (Williams, loc. cit.). Also, 
it follows that hydrogen perbromide is not necessarily an activator for the bromine mole- 
cules, and hydrogen bromide itself serves as the activator. The rate-determining step is 
stage (4) when there is a dominant catalyst, all the others being comparatively rapid. 
Reactions (4) and (5) conform to our present ideas that the positive component of the 
polarised bromine molecule initiates the addition to the double bond (Ingold and Ingold, 
J., 1931, 2354; Orton and King, J, 1911, 109, 1369; Soper and Smith, J., 1926, 1582; 
Read and Read, J., 1928, 745; Jackson, J. Amer. Chem. Soc., 1926, 48, 2166). The 
hydrogen bromide released in stages (1) and (4) takes part in the reaction again, the chain 


of reactions being repeated. 
A similar mechanism can be suggested for the reaction in which iodine monochloride 


functions as a catalyst. 

An examination of curves IV of Figs. 1, 2, and 4 shows that the rate of reaction increases 
up to a certain limit and then begins to diminish. In the initial stages, the supply of hydro- 
gen bromide also increases with time. Hence, the concentration of the complex increases 
with time, thus accounting for the increased rate or autocatalysis up to a limit when the 
diminution of the concentration of the reactants asserts itself and the reaction rate begins to 
fall. The induction period is the period taken to set up the chains representing the first four 





[1939] the Additive Reactivity of Ethylene Derivatives. Part IV. 229 


stages. By the initial addition of hydrogen bromide, the period required by stage (1) is 
eliminated, and the stationary stage is reached earlier, or the induction period is absent. 
The initial addition of a sufficient quantity of hydrogen bromide apparently makes any 
change in its concentration by the reactions (1) to (4) negligible, and the addition reaction 
becomes for all practical purposes a bimolecular one. 

The effect of the addition of antimony tribromide to the reactants is apparently 
anomalous, as revealed by a closer study of Table ITI, for it appears to function as a negative 
catalyst. This further confirms the idea that the catalyst-bromine complex is not neces- 
sarily a source of activated bromine molecules. It is just possible that antimony tribromide 
combines with bromine to form the pentabromide, thereby diminishing the initial concen- 
tration of bromine; but it cannot fully account for the extended period of induction or the 
observed slowness of the reaction, since the concentration of bromine would be diminished 
by only about 6-5%. The increase in the period of induction with increase in concentration 
of antimony tribromide is a clear indication that it helps to remove one of the important 
factors constituting the chain of reactions in stages (1)—(4). It is quite possible that it 
removes the hydrogen bromide as HSbBr,, the corresponding alkali salts of which are well 
known, thereby prolonging the period of induction. This diminution of hydrogen bromide 
concentration is an important factor in the chain of reactions, leading to the retardation. 
The existence of a negative catalyst constitutes further evidence in favour of a chain 
mechanism (Christiansen, J]. Physical Chem., 1924, 28, 145). 

It is clear, therefore, that the bromine-olefin addition is not a simple bimolecular or 
termolecular reaction, but a chain reaction, involving the stages indicated. The reaction 
may, however, be simplified into an apparently bimolecular reaction by the initial addition 
of a sufficient concentration of the catalyst, thus enabling us to compare the additive 
reactivities of olefins, the competitive method still remaining a valuable tool for a 
fast addition reactions, if this precaution is adopted. 


EXPERIMENTAL. 

The reactions were all studied at 35-5°. 

Solvent. The acetic acid was Kahlbaum’s (99—100%) acid; when purified by the method 
of Orton and Bradfield (J., 1927, 983), it was 99-85% pure. 

Bromine. Bromine was purified as indicated on p. 226. 

trans-Crotonic acid. The acid was prepared by the condensation of malonic acid with 
acetaldehyde in presence of pyridine in absolute alcohol (Scheibler and Magasanik, Ber., 1915, 
48, 1814). It was recrystallised to constant m. p. (72°) from light petroleum, and kept in a 
vacuum desiccator until required. 

Tiglic acid. The B.D.H. acid was similarly recrystallised to constant m. p. (64°). 

Hydrogen bromide. Kahlbaum’s 48% acid was allowed to drop on phosphoric oxide, and 
the resulting gas was passed through a drying train of phosphoric oxide and then through a 
trap of glass-wool before it was absorbed in acetic acid. The hydrogen bromide content of the 
solution was determined as silver bromide, and the required concentration obtained by dilution, 
the content being similarly checked just before the experiment. 1 or 2 C.c. of this solution 
were added to the reactants. 

Iodine monochloride. Kahlbaum’s sample was used. The amount of iodine chloride added 
was estimated separately by reaction with potassium iodide. 

Antimony iribromide, The required amount of Kahlbaum’s sample was dissolved in acetic 
acid, and this solution was added to the reactants. 

100 C.c. of a solution of bromine in acetic acid of the required concentration were kept in 
a brown bottle in a closed thermostat; in another brown bottle the solution of the appropriate 
acid was kept. 100 C.c. of the latter solution were added to the bromine solution by means of 
a darkened pipette, the mean time of addition being taken as the starting point. Any initial 
catalyst was added to the bromine solution before the addition of acid. A known volume of the 
reacting solution was run into a cold saturated solution of potassium iodide at the requisite 
intervals. 

The authors thank Prof. C: K. Ingold, F.R.S., for his kind interest in the work. One 
of them (R. V.) expresses his indebtedness to the Annamalai University for the award of a 
Studentship. 
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46. The Instability of Ammonium Salts of Higher * 
Fatty Acids. 


By JAmes E. KencH and THomAs MALKIN. 


The stability of ammonium soaps of a series of fatty acids from heptoic to stearic 
has been investigated by means of chemical and X-ray analysis. Neutral soaps are 


found to lose ammonia readily and pass into the more stable acid soaps. 


“ Long 


spacings ’’ of neutral and acid ammonium salts and m. p.’s of acid ammonium salts 


are recorded. 
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LAWRENCE (Trans. Faraday Soc., 1933, 29, 1008), who considered that the irregular m. p.’s 
of sodium salts of fatty acids (Vorlander, Ber., 1910, 48, 3120) (Fig. 1) might be due to 


- 


. 


CL] = Ammonium salts (Lawrence) : transition to meso- 


analytical data were determined (ammonia by 







“thermal decomposition or to the presence 
of traces of water, examined the lower- 
melting ammonium salts, and finding that 
these exhibited similar irregularities (Fig. 
1), concluded that some other explanation 
was required. 

This conclusion implies that the irregu- 
larities in the above two cases have a similar 
origin; but whereas the high temperatures 
involved and the difficulties surrounding 
the purification of sodium soaps (cf. Malkin, 
Ber., 1930, 63, 1810) are sufficient explan- 
ation of Vorlander’s results, those of Law- 
rence appeared to us to be due to the 
instability of ammonium salts, many of 
which are known to lose ammonia and pass 
into the more stable acid salts, 
R-CO,NH,,R°CO,H (Currie, J. Agric. Res., 
1914, 2, 8; McMaster and Magill, J. Amer. 
Chem. Soc., 1916, 38, 1796). 

In order to test this view we have sub- 
mitted a series of ammonium salts of acids 
ranging from heptoic to stearic to chemical 
and X-ray analysis. Most of the salts were 
made by treating a slightly warm alcoholic 
solution of the fatty acid with excess of a 
concentrated solution of ammonia in alcohol, 
and cooling (ice if necessary), but this 
method was found unsuitable for the more 
soluble salts of the lower fatty acids (C,9 
downwards) which were made by passing 
dry ammonia into an ethereal solution of 
the acid. After the colourless crystalline 
salts had been dried rapidly in a vacuum 
or on porous tile, m. p., X-ray, and 
the final stage of the Kjeldahl method). 


We-found the salts made by the above two methods to be quite different. Those from 


alcohol, when freshly prepared, had an ammonia content approaching that of the neutral 
salt and lost ammonia fairly rapidly on standing. M. p.’s were not easy to determine owing 
to sintering over a wide range of temperature. Salts from ether, however, were compara- 
tively stable, and melted as a rule quite sharply. Analysis showed that they were almost 


* The results of Escales and Koepke (J. pr. Chem., 1913, 87, 258) indicate that neutral ammonium 
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entirely acid salts. In view of this difference, we also prepared salts of the higher acids 
by the ether method, and found that acid salt formation is general, the much smaller 
solubility of the acid salt in ether than in alcohol apparently being the deciding factor in 
the different behaviour. 

These results are at variance with those of McMaster (loc. cit.; J. Amer. Chem. Soc., 1914, 
36, 1916), who claims to obtain neutral salts from ether, but in spite of his remarkably 
accurate analyses, considerable doubt may be expressed regarding the purity of his materials: 
for instance, ammonium palmitate quickly became yellow, t.e., probably contained un- 
saturated acids; ammonium caprylate (octoate) is described as a cheese-like mass, and 
ammonium caprate (decoate) as an amorphous substance greasy to the touch. 

X-Ray examination confirmed our analytical results. Salts obtained from alcohol 
yielded two distinct long spacings, the lines corresponding with the shorter spacing being 
the more intense, and salts from ether yielded only the longer of the above two spacings, 
with an occasional faint indication of the shorter. From the analytical data and the 
intensities of the lines, the shorter and the longer spacings were identified with the neutral 
and the acid soaps respectively. The progress of the change neutral > acid soap was 
well shown by the alteration in intensity of the two sets of lines of the X-ray spectrum. 
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The observed spacings for acid and neutral ammonium salts are given in Table I and 
plotted in Fig. 2. The experimental error is greater than usual with such measurements 
owing to the heterogeneity of the crystals, but the curves probably represent the true 
values to + 0:24. The spacings correspond with double molecules with carboxyl groups 


TABLE I. 


Long X-ray spacings of neutral and acid ammonium salts (in A.). 


Carbon atoms in acid 8 10 1l 12 13 14 15 16 17 18 
Neutral salt 196 242 254 27-1 29-6 315 33-0 36-1 364 38-4 
Acid salt 22-8 25-1 30-2 32:2 35-0 37-7 409 43-2 45-8 479 50-8 


(Salts of acids from propionic to hexoic rapidly become liquid and lose ammonia beyond the acid 
salt stage. They are consequently unsuitable for X-ray investigation.) 


in juxtaposition. The hydrocarbon chains in neutral salts are inclined to the reflecting 
planes at an angle of 45°40’ (increase in length per carbon atom, 0-9 A.), and those of acid 
salts are vertical (increase per carbon atom, 1-27 4.). Piper (J., 1929, 234) obtained similar 
results for neutral and acid potassium salts of fatty acids, and showed that these possessed 
tilted and vertical chains respectively. 

The difference in melting behaviour of neutral and acid salts affords a good indication 
of the composition of any particular ammonium salt. The curve in Fig. 1 gives to within 
1° the comparatively sharp m. p.’s of acid salts (Table IT), and the range of sintering above 
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this temperature is roughly proportional to the amount of neutral salts present; m. p.’s 
lower than the curve indicate impurity, or a higher percentage of free acid due to 


TABLE II. 
M. b.’s of acid ammonium salts of fatty acids. 
Carbon atoms in acid ...... 7 8 10 ll 12 13 14 15 16 17 18 
54° 68° v= 7 s1° 84° 86° 89° 91° 93° 
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further dissociation. It was clear from our m. p. determinations that, could the m. p.’s of 
neutral salts be taken without decomposition, they would be considerably higher than 
those of the acid salts, and with a view to obtain some idea of this temperature, we 
sealed a little ammonium laurate in the bottom of a capillary tube, in order to minimise 
dissociation, and found the m. p. to be in the neighbourhood of 130° (acid ammonium 
laurate, m. p. 77°). Comparison of Lawrence’s m. p. values with the curve in Fig. 1 indi- 
cates that the irregularities found by him were, in fact, due to loss of ammonia from his 
neutral salts. His myristate and palmitate appear to have been mainly acid salts, but the 
stearate probably contained a certain amount of neutral salt. It is difficult to offer any 
explanation for the abnormally low m. p. of the laurate, but it is quite unacceptable that a 
salt should melt at a lower temperature than the pure parent acid. 

During our m. p. determinations we were unable to observe the “ transitions to meso- 
morphs ”’ stated by Lawrence to occur in the neighbourhood of 50°. 


We gratefully acknowledge a grant from the Colston Research Society, Bristol. 
[Received, December 20th, 1938.] 


47. Crystal Structure and Configuration of the Isomeric 
Azobenzenes. 


By J. MONTEATH ROBERTSON. 


Ordinary (tvans-) azobenzene crystallises in the monoclinic system and two almost 
planar centrosymmetrical molecules (which may not be identical) contribute to the 
asymmetric unit. The structure is briefly described and the mean dimensions of the 
molecule are given. cis-Azobenzene, recently isolated by Hartley, is orthorhombic, and 
the molecule has a two-fold axis of symmetry. The complete structure is deduced 
from absolute intensity measurements, by trial with various models, and the molecular 
dimensions are given. The benzene rings are now rotated by 50° from the planar 
positions. Other changes in the molecular dimensions with respect to the trans-form 
are related to this distortion. The form of analysis employed for the cis-structure 
may be useful in dealing with other molecules which exhibit axial symmetry. 


THE UNIVERSITY, BRISTOL. 





PRELIMINARY work on the crystal structure of ordinary azobenzene (Robertson, Prasad, 
and Woodward, Proc. Roy. Soc., 1936, A, 154, 187) shows its similarity to the structures 
of the dibenzyl series (Robertson and Woodward, ibid., 1937, A, 162, 568; 1938, A, 164, 436) 
and is sufficient to establish the érans-configuration of the molecule. A detailed X-ray 
analysis, giving more exact dimensions of the molecule, is now being carried out. The 
results are briefly summarised in this paper, and the structure is compared with that of 
the recently isolated cis-form of azobenzene (Hartley, J., 1938, 633). Dr. Hartley has 
kindly supplied the material for the present investigation. 

trans-Azobenzene crystallises in the monoclinic system, space group C},(P2,/a), with 
four centrosymmetrical molecules in the unit cell. As in the stilbene structure, successive 
layers of molecules are oppositely inclined to the (001) plane, and the asymmetric unit of 
the crystal (C,,.H, )N,) consists of two half molecules (benzene ring and nitrogen atom), 
one of which is contributed by each of the two layers. The complete structure may then 
be derived by the operation of the symmetry elements on this unit. A general view of the 
two layers of molecules is shown by the model in Plate I. 
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The positions of all the atoms in the structure have been determined by successive 
Fourier analyses of quantitative intensity data. As in the case of stilbene, slightly different 
dimensions are derived for the two molecules which contribute to the asymmetric crystal 
unit. One molecule is also found to be almost exactly planar, while in the other the 
N=N bond is inclined at about 15° to the planes of the benzene rings. (The rings them- 
selves are always parallel, because the molecule as a whole has a centre of symmetry.) 
It is possible that the observed differences in dimensions between the two molecules may be 
accounted for by errors in the analysis; the 15° departure from the planar form is, however 
rather too large to be explained in this way, and the possibility of one molecule existing 
in some excited state with respect to the other must be borne in mind. A detailed dis- 
cussion of the structure, with co-ordinates of the atoms and orientations of the molecules, 
will be given elsewhere. For the present purpose of comparison with cis-azobenzene the 
mean dimensions obtained for the trans-molecule are indicated in Fig. 1. 


Fie. 1. 
1:39 A. 


N —Z4/A. 
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Mean dimensions of trans-azobenzene molecule. Distances estimated to be within + 0-03 a. The N=N 
bond may be inclined by from 0° to 15° to the planes of the benzene rings. 
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The dimensions found correspond with the values to be expected for this type of 
structure. The C-N link, between the benzene ring and the N=N double bond, shows a 
considerable contraction from the normal value of 1-47 a. deduced from the covalent radii 
of carbon and nitrogen. This indicates that an excited structure such as (I) must make a 
considerable contribution to the normal state of the molecule. This contribution will 
facilitate conversion into the cis-form by rotation about the N-N link. 


0» One 


The crystal structure of cis-azobenzene is quite different. The system is orthorhombic, 
and the space group D}{(Pben). Again there are four molecules in the unit cell, and the 
molecule possesses an element of symmetry, but in this case it is a dyad axis. This change 
in molecular symmetry agrees with the assignment of the cis-configuration; a centre of 
symmetry would not be possible but a dyad axis is quite in keeping with the accepted 
stereochemistry. 

There are no outstanding features in the X-ray spectra of cis-azobenzene, and to proceed 
with the analysis it is necessary in this case to test possible models and orientations until 
the intensities can be explained. Starting from the approximately planar ¢vans-model 
(Fig. 1), if the N=N bond is rotated by 180°, we obtain the model of Fig. 2, where non- 
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bonded atoms in neighbouring benzene rings approach each other to within about 1-3 A. 
This is clearly impossible from the known steric requirements of such atoms, and in the 
actual model there must be a considerable rotation of the benzene rings about the “ single ”’ 
bonds connecting them to the nitrogen atoms. The resultant deviation of the molecules 
from the planar form may be expected to diminish any contribution made by the structure 
(I) which is conditioned by the benzene ring and the two nitrogen atoms being approx- 
imately coplanar. One result may be a certain lengthening of the C-N links towards the 
normal value of 1-47 A., and another, some diminution in the ease of reversion to the 
trans-form otherwise to be expected. Again, the mutual repulsion of the benzene rings will 
very likely tend to increase the N=N-C angle beyond the value of 121° observed in 
the trans-form. 

These considerations indicate the kind of structure to be expected, and it is found that 
the best agreements with the observed intensities are obtained with the model shown in 
Fig. 3, where the benzene rings are rotated from the perpendicular position by 40° (or from 
the planar position of Fig. 2 by 50°). The clearance between the ortho-carbon atoms on 


Fic. 3. 





cis-Azobenzene molecule in relation to the crystal axes. Dimensions estimated to be within about +- 0-04 a., 
and angles to within + 4°. 


the benzene rings is now about 3-14. Uncertainties in the dimensions are probably 
greater than for the ¢vans-form, because, owing to the complex grouping of the molecules 
in the crystal, it has not yet been possible to refine the results by an application of the 
Fourier series method. But the agreements obtained between the calculated and observed 
structure factors (Table III) indicate that the deductions made about the structure are 
substantially correct. 

The general disposition of the molecules in the crystal is shown in Plate II. They are 
situated on two-fold rotation axes, which are parallel to the } crystal axis and are indicated 
by the upright supports in the photograph. The benzene rings of the end molecules are 
directed downwards, and those of the centre molecules upwards. The resulting structure 
is fairly compact, and the density (1-21,) is practically the same as in the trans-form (1-21,). 
The minimum distances of approach between the nitrogen atoms of one molecule and the 
carbon atoms of its neighbours are between 3-4 and 3-5 A., and the carbon-carbon minima 


are about 3-6 A. 


EXPERIMENTAL. 


cis-Azobenzene, > 99% pure by photometric tests, m. p. 71-4° by quick plunging, was supplied 
by Dr. Hartley (loc. cit.). Well-formed single crystals were obtained by allowing a petrol 
(b. p. 40—60°) solution to evaporate slowly from open vessels in the dark at 0°. When free 
from solvent, the dark red, rather thick plates appear to be quite stable at room temperatures 
in subdued light, and also during exposure to X-rays. 

Rotation and moving-film photographs were taken with filtered Cu-Ka radiation. The 
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trans-A zobenzene. 


PLaTE II. 


cis- A zobenzene. 
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orthorhombic crystals were found to have a = 7:57 + 0-01, b = 12-71 + 0-03, c = 10-30 + 
0-02 a., -giving a unit cell of volume 991 a.*, and, on the basis of 4 molecules of C,,.H,)N, per 
unit cell, a calculated density of 1-213. The (4k0) reflexions are absent when (A + ) is odd, 
(Ok) when k is odd, and (A0/) when / is odd. The space group is therefore D}{ (Pbcn). As 
eight asymmetric units are required to complete the symmetry, the molecule of C,,H,,N, must 
itself possess two-fold symmetry, which in this space group can be either a two-fold axis or a 
centre. The structure analysis shows that the molecular symmetry in this case is a two-fold 
axis, parallel to the } crystal axis. 

The intensities of the reflexions were recorded photographically on moving films, from 
specimens weighing 0-1—0-22 mg., which were completely immersed in the X-ray beam. The 
films were measured on an integrating photometer. As the specimens used had fairly uniform 
cross-sections, relative absorption corrections were not applied. Absolute values of the 
reflexions were obtained from a specimen weighing 0-219 mg. by comparison with a diamond 
standard on the two-crystal moving-film spectrometer (Robertson, Phil. Mag., 1934, 18, 729). 
The absolute absorption correction factor in this case, for a path of 0-55 mm. in the crystal, and 
u = 6-87 per cm. for 4 = 1-54, is given by e = 1-46. 

Analysis of the Structure—The asymmetric crystal unit of cis-azobenzene consists of half a 
chemical molecule, represented by the atoms lettered A to G in Fig. 3. The complete unit cell 
contains eight of these units (four molecules) derived from the standard one by certain symmetry 
operations. For example, in Fig. 3, the unlettered half of the molecule can be derived from 
the lettered half by a rotation of 180° about the dyad axis. A complete enumeration of the 
symmetry elements, co-ordinates of equivalent positions, and formule for calculating the 
structure amplitudes in this space group (Phen) are given in the International Tables for 
Determination of Crystal Structure (London: Bell and Sons, 1935); see also Lonsdale, ‘‘ Struc- 
ture Factor Tables ” (London: Bell and Sons, 1936). 

We require to find the co-ordinates of the atoms A ...G with respect to the crystal axes 
a, b, and ¢ and an origin which is most conveniently chosen at a centre of symmetry at (0, y, c/4) 
with respect to the dyad axis of Fig. 3. The structure is thus defined by 21 parameters in the 
most general case. But for testing a model of the type shown in Fig. 3, the parameters may be 
conveniently reduced to 4, two of which, 6 and a, refer to the shape of the molecule itself. 
6 gives the inclination of the L molecular axis (ABE) to the dyad symmetry axis b, and defines 
the N=N-C valency angle. a gives the rotation of the benzene ring about the N-C bond, 
starting from the position in which the plane of the ring is perpendicular to the plane containing 
the atoms A’AB (plane of diagram in Fig. 3). ¢ then defines the rotation of the model as a 
whole about the b crystal axis, and is the angle between the N=N bond and the ¢ crystal axis. 
The final parameter, 9, is required to define the height of the intersection of the L molecular 
axis and the dyad symmetry axis above the centre of symmetry which we have chosen as origin. 

The co-ordinates of the atoms are most conveniently obtained by combining the dimensions 
of the model which is being tested with the direction cosines of the molecular axes L and M 
with respect to the crystalaxesa,b,andc. These direction cosines are denoted by cos x ;, cos z, 
COS wz, COS xy, etc., and are given in terms of the above parameters by the relations 


cos x, = sin 6 sin ¢ COS xy = COS g COS a — sin ¢ sin a cos 0 
cos }; = cos 8 cos ty = sin « sin 6 
cos wz = sin 6 cos d cos ay = — sin ¢ cos a — cos ¢ sin « cos 0 


For the model illustrated in Fig. 3, the co-ordinates with respect to the molecular axes are 
given in Table I, and those with respect to the crystal axes and centre of symmetry as origin 
are given by 

x = L cos xy, + M cos Xy 
y =L cos yy + M cos by + Vo 
z=Lcosa,+ M cos wy + c/4 


TABLE I. 


Co-ordinates: Molecular Axes; Origin on Dyad Axis. 
B. C. D. E. F. G. 
2-52 3-22 4-61 5-30 4-61 3-22 
0 1-20 1-20 0 —120 —1-20 


The parameters 0, «, ¢, and 7, can be varied independently, and various configurations tested 
against the absolute determinations of the structure factors, F(hkl). To some extent this can be 
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done systematically. For example, only a small range of values for 6 (the N=N-C valency 
angle) is probable. For a given @ value, the (00) structure factors, involving only the y 
co-ordinates, depend almost entirely on y», and only to a minor extent on a. The other axial 
structure factors, (h00) and (00/), are very sensitive to changes in « and ¢, but independent of yo. 

The agreements finally obtained between the calculated and observed structure factors are 
listed in Table III, where average atomic scattering factors for hydrocarbons (Robertson, Proc. 
Roy. Soc., 1935, A, 150, 109) are employed, the nitrogen atoms being weighted with respect to 
the carbon atoms in the ratio of 6 to 5, and no account being taken of the hydrogen atoms. 
The shape and dimensions of the model employed are given in Table I and Fig. 3. Its orientation 
and position in the crystal are defined by the following parameter values and derived angles ; 


6 = 35°; « = 40°; gd = 35°; y. = 43° (1-52 a.) 
%, = 71° Xy = 274° 
bz = 35° vy = 116°} (normal to benzene ring) 


@, = 62° @y = 814° 


The co-ordinates of the atoms are given in Table II. 


TABLE II. 


cis-Azobenzene: co-ordinates with respect to crystal axes; centre of symmetry as origin. 


Atom (cf. Fig. 3). [* * 27x /a. y, A. 2ry /b. By he 2nz/c. 
17° 2-40 68° 3-08 1073° 
39} 3-58 101} 3-76 1314 
69 4-60 130 3-04 106 
904 5-74 1623 3-69 129 
83 5-86 166 5-07 177 
534 4-85 1374 5-79 2024 
313 3-71 105 5-14 1794 


OmhSowrs 


TABLE III. 


Measured and calculated values of the structure factor (absolute scale). 

sin 0 sin 0 sin @ 

(A = F, A= *F, fF, (A = 

1-54). meas. calc. hkl. 1-54). » eakc. hkl. 1-54). 

0-203 —42 102 0-183 +61 2,10,0 0-640 

0-406 202 0-253 —18 310 0-313 

0-609 302 0-340 — 3 330 0-355 

0-121 402 0-433 —14 350 0-430 

0-242 502 0-530 +24 370 0-523 

0-363 602 0-628 —l1l 390 0-625 

0-484 104 0-315 —53 3, 11,0 0-733 

0-605 204 0-363 + 5 420 0-425 

0-149 304 = 0-428 —12 440 0-473 

0-299 404 0-505 + 6 460 0-545 

0-448 504 0-590 —1 480 0-635 

0-597 604 0-680 -1 4,10,0 0-733 

510 =: 0-513 

0-193 110 = 0-118 —25 530 0-540 

0-323 130 0-208 +17 550 =: 0-595 

042 0-285 150 0-320 + 4 570 0-663 

044 0-385 170 = 0-435 +7 590 =: 0-748 

062 0-393 190 0-555 —24 620 0-623 

064 0-470 1, 11,0 0-673 +19 640 0-658 

082 0-508 220 0-238 —8l 660 0-713 
084 0-570 240 0-318 +10 
0,10,2 0-625 : 260 0-418 +8 
0,10,4 0-675 280 0-525 —11 

0, 12,2 0-745 


A AA 
- eH — bo 
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48. Structural Problems in the Indole Group. Part III. 
Halogen Compounds. 


By S. G. P. PLant and (Miss) A. E. J. Witson. 


A method is described by which the structures of the two isomeric chloro-indoles 
obtained by the elimination of ammonia from a m-chlorophenylhydrazone may 
be investigated. In the case of the less stable bromo-compounds from a m-bromo- 
phenylhydrazone a procedure for correlating them with the analogous chloro-derivatives 
has been developed by using the dihydroxy-addition compounds obtained from their 
N-acetyl derivatives for the preparation of similarly constituted substances in which 
the chlorine or bromine is very reactive. Treatment of these compounds with aniline 
then gives identical products from similarly substituted chloro- and bromo-indoles. 
The processes have been applied to the complete characterisation of the 5- and 
7-bromotetrahydrocarbazoles. 


AMBIGUITY must exist regarding the structure of many indoles prepared by an application 
of Fischer’s reaction to meta-substituted phenylhydrazones owing to the alternative 
positions which the cyclisation process may involve. In Parts I and II (J., 1936, 899; 
1937, 1125) a procedure has been described which might be generally applicable to indoles 
in which the ambiguity relates to the position of a nitro-group, and the present communica- 
tion indicates a method of approach in the case of substances obtained from m-chloro- and 
m-bromo-phenylhydrazones. 

The 5- and 7-chlorotetrahydrocarbazoles have been prepared by the elimination of 
ammonia from cyclohexanone-m-chlorophenylhydrazone and their complete characterisation 
followed from the fact that the latter was oxidised to 2-chlorocarbazole (Moggridge and 
Plant, J., 1937, 1125), but this method of determining structure is of limited application 
and the following more general one has now been developed. 4-Chloroanthranilic acid 
was converted into the corresponding hydrazine, which was combined with cylohexanone, 
and the product transformed by the action of dilute sulphuric acid into 5-chlorotetrahydro- 
carbazole-8-carboxylic acid (I), in which there is no doubt about the position of the chlorine. 
Attempts to decarboxylate this were unsuccessful, but after it had been acetylated it was 
converted into 5-chloro-9-acetyltetrahydrocarbazole, identical with the substance described 
by Moggridge and Plant, by heating in quinoline with copper chromite, although the yield 


Br 3 H, Br HCH, 
AcN 2 AcN 


(II.) (III.) 


Considerable interest attaches to the brominated indoles and it was decided to examine 
the substances obtained by Fischer’s reaction from cyclohexanone-m-bromophenylhydr- 
azone. One of these, ultimately shown to be 7-bromotetrahydrocarbazole, melted with 
decomposition at 183° but gave a well-defined acetyl derivative, m. p. 123°. The isomeric 
5-bromotetrahydrocarbazole has only been obtained as a syrup, but was characterised 
by its acetyl derivative, m. p. 137—139°. The bromo-compounds are often less stable 
than the chloro-derivatives and would be unlikely to escape complete decomposition in 
reactions similar to those described above for determining their structures. A study has 
therefore been made of the possibility of correlating the analogous chloro- and bromo- 
derivatives. For this purpose advantage was taken of the fact that N-acylindoles, when 
treated with nitric acid in acetic acid solution, readily form products by the addition 
of OH and OH, or sometimes OH and NO,, at the 2: 3-position. In this way the solid 
bromotetrahydrocarbazole was converted into 7-bromo-10 : 11-dihydroxy-9-acetylhexahydro- 
carbazole (II), which lost water in the usual way on boiling with acetic anhydride to 

R 
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give 8-bromo-6-acetyl-yb-indoxylspirocyclopentane (III). After removal of the acetyl group 
the spiro-compound was readily nitrated, as is characteristic of this type of substance, 
with the formation of 8-bromo-7 : 9-dinitro~b-induxylspirocyclopentane. The bromine in 
this product was found to be extremely reactive and on treatment with aniline at room 
temperature 7 : 9-dinitro-8-anilino--indoxylspirocyclopentane (IV) was obtained. The 
same substance was prepared from 7-chloro-9-acetyltetrahydrocarbazole by a similar 
series of reactions, a result which served to correlate the chloro- and bromo-compounds 
and led to a definite characterisation of 5- and 7-bromotetrahydrocarbazole. 


CO Br 


av.) NOs Haris HB oy 
NHPh CH.-CH NO, RS 
2 
oN NH * AN H, 


When 9-acetyltetrahydrocarbazole is treated with nitric acid in acetic acid solution, 
a mixture of 7-nitro-9-acetyltetrahydrocarbazole and 10: 11-dihydroxy-9-acetylhexa- 
hydrocarbazole is obtained (Perkin and Plant, J., 1923, 123, 676; Plant, J., 1936, 899). 
It is therefore not surprising that during the nitration of the above products in which the 
7-position is already occupied by halogen the dihydroxy-compounds are more readily 
produced. In fact confirmation of the structures of the bromo-compounds was obtained 
by nitrating the isomeric 5-bromo-9-acetyltetrahydrocarbazole; the only product isolated 
was a mononitro-derivative which was undoubtedly 5-bromo-7-nitro-9-acetyltetrahydro- 


carbazole (V). 


EXPERIMENTAL. 


5-Chlorotetrahydrocarbazole-8-carboxylic Acid and the Decarboxylation of its 9-A cetyl Derivative. 
—4-Chloroanthranilic acid (4 g., prepared by the method of Hunn, J. Amer. Chem. Soc., 1923, 
45, 1024), suspended in hydrochloric acid (30 c.c. of 23%), was diazotised below 0°, and the 
filtered solution added to sodium sulphite (11 g.) in a little water. The whole was then treated 
with glacial acetic acid (10 c.c.) and warmed to 65° while zinc dust was gradually added. 
After the solution had been filtered, it was saturated with hydrogen chloride at room 
temperature; the hydrochloride of 4-chloro-2-hydrazinobenzoic acid was precipitated in 
colourless plates. This was added to water (50 c.c.) containing cyclohexanone (2-5 c.c.), 
and the mixture boiled and treated with an excess of sodium acetate. After the addition 
of concentrated sulphuric acid (11 c.c.) the whole was again boiled for 4 hour, and when 
the solid product was crystallised from glacial acetic acid, 5-chlorotetrahydrocarbazole- 
8-carboxylic acid was obtained in pale green prisms, m. p. 245° (decomp.) (Found: N, 5-5. 
C,;H,,0,NCl requires N, 5-6%). The acid was acetylated by refluxing for 15 minutes with 
acetic anhydride and the product obtained by pouring the solution into water was dissolved 
in quinoline and heated with a little copper chromite (compare Kinney and Langlois, J. Amer. 
Chem. Soc., 1931, 58, 2189; Reichstein, Griissner, and Zschokke, Helv. Chim. Acta, 1932, 15, 
1067; Taylor and Crawford, J., 1934, 1130) at 215° until evolution of carbon dioxide ceased 
(about 2 hours). When the liquid was then filtered and poured into an excess of dilute hydro- 
chloric acid, 5-chloro-9-acetyltetrahydrocarbazole, colourless needles, m. p. 131°, after two 
crystallisations fom alcohol, was obtained. Its m. p. was not depressed by admixture with an 
authentic specimen (Moggridge and Plant, Joc. cit.). 

The 5- and 7-Bromotetrahydrocarbazoles and their 9-Acetyl Derivatives—A mixture of m- 
bromophenylhydrazine (10-8 g.) and cyclohexanone (7-2 g.) was heated for a few minutes on the 
steam-bath and then boiled for 5 minutes with dilute sulphuric acid (18%). The product 
was crystallised from the minimum quantity of boiling alcohol, and 7-bromotetrahydrocarbazole 
obtained in colourless plates, m. p. 183° (decomp.) (Found: C, 57-3; H, 5-0. C,,H,,NBr re- 
quires C, 57-6; H, 48%). After this compound had been refluxed for 4 hour with a little 
acetic anhydride containing a drop of concentrated sulphuric acid, 7-bromo-9-acetyltetrahydro- 
carbazole separated, on cooling, in colourless needles, m. p. 123° (Found: C, 57-4; H, 4-9. 
C,,H,,ONBr requires C, 57-5; H, 48%). A further quantity of the acetyl derivative was 
obtained by pouring the acetic anhydride filtrate into water and crystallising the precipitate 
from alcohol. A pure specimen of 7-bromotetrahydrocarbazole, m. p. 183° (decomp.), was 
prepared by refluxing the acetyl compound for } hour with equal volumes of alcohol and 
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concentrated hydrochloric acid, pouring the mixture into water, and crystallising the product 
from alcohol. 

The alcoholic mother-liquor from the crystallisation of the original product was evaporated 
under reduced pressure below 60°, but the oily residue could not be made to solidify. It was 
acetylated as above, and when the substance which separated from the acetic anhydride on 
cooling was recrystallised from alcohol, 5-bromo-9-acetyltetrahydrocarbazole was obtained in 
almost colourless needles, m. p. 137—139° (Found: C, 57-3; H, 5-0%). When hydrolysed 
like the 7-bromo-compound, the 5-bromotetrahydrocarbazole remained as a syrup which has 
not been obtained crystalline. 

Conversion of 7-Bromo- and 7-Chloro-9-acetylietrahydrocarbazole into 7 : 9-Dinitro-8-anilino- 
y-indoxylspirocyclopentane.—7-Bromo-9-acetyltetrahydrocarbazole (1 g.) in glacial acetic acid 
(5 c.c.) at 80° was treated with concentrated nitric acid (0°35 g.) in acetic acid (2*5c.c.). Effer- 
vescence occurred with evolution of oxides of nitrogen, and when the colourless substance which 
separated on cooling was crystallised from alcohol, 7-bromo-10 : 11-dihydroxy-9-acetylhexahydro- 
carbazole was obtained in colourless needles, m. p. 217° (decomp.) (Found: N, 4:4. C,,H,,O;NBr 
requires N, 43%). The yield was good, but was diminished when the process was carried 
out with greater quantities. After this substance had been refluxed for 6 hours with acetic 
anhydride, and the solution poured into water, 8-bromo-6-acetyl--indoxylspirocyclopentane 
was obtained, which formed colourless needles, m. p. 107—108°, from alcohol (twice) (Found : 
N, 4:7. C,,H,,O,NBr requires N, 4-5%). This (1 g.) was hydrolysed by boiling with a mixture 
of water (10 c.c.), potassium hydroxide (3 g.), and alcohol (15 c.c.) for } hour, and the 8-bromo- 
y-indoxylspirocyclopentane (colourless prisms, m. p. 169°, from alcohol) which separated on 
dilution with water was nitrated by adding it to an excess of nitric acid (d 1-5) at room tem- 
perature. 8-Bromo-7 : 9-dinitro-j-indoxylspirocyclopentane was then obtained by pouring the 
solution into water; it formed pale yellow prisms, m. p. 202°, from alcohol (Found: N, 11:7. 
C,,.H,,O;N,Br requires N, 11°8%). When this compound was added to an excess of aniline 
at room tmperature, the mixture treated with dilute hydrochloric acid, and the solid crystallised 
from alcohol, 7 : 9-dinitro-8-anilino-J-indoxylspirocyclopentane was obtained in orange needles, 
m. p. 235° (Found: C, 58-8; H, 4:3. C,,H,,O;N, requires C, 58-7; H, 4:3%). 

When 7-chloro-9-acetyltetrahydrocarbazole was intimately mixed with twice its weight 
of glacial acetic acid and treated at 40° with concentrated nitric acid (1 mol.) in a little acetic acid, 
evolution of oxides of nitrogen occurred ; a crystalline product separated on cooling. Recrystal- 
lisation from glacial acetic acid gave 7-chloro-10: 11-dihydroxy-9-acetylhexahydrocarbazole in 
colourless plates, m. p. 205—206° (Found: N, 5-2. C,,H,,0,;NCl requires N, 5-0%), but the 
first product contained some 7-chloro-11-nitro-10-hydroxy-9-acetylhexahydrocarbazole. This 
was indicated by the fact that it melted with decomposition (at 185°) and evolved oxides of 
nitrogen on warming with glacial acetic acid, properties which are characteristic of the nitric 
acid addition compounds (Perkin and Plant, loc. cit.), and was confirmed by its high nitrogen 
content (Found: N, 5-9%). The dihydroxy-compound was converted successively into 
8-chloro-6-acetyl-y-indoxylspirocyclopentane (colourless needles, m. p. 106°, from alcohol), 
8-chloro-~/-indoxylspirocyclopentane (colourless prisms, m. p. 145°, from alcohol), 8-chloro-7 : 9- 
dinitro-J-indoxylspirocyclopentane (pale yellow plates, m. p. 196°, from alcohol), and finally into 
7 : 9-dinitro-8-anilino-/-indoxylspirocyclopentane, identical (mixed m. p.) with the substance 
described above, by reactions similar to those used for the analogous bromo-compounds, except 
that during the nitration of the spivo-compound the reaction mixture was warmed to about 
60°. 
5-Bromo-7-nitro-9-acetyltetrahydrocarbazole.—When 5-bromo-9-acetyltetrahydrocarbazole was 
treated with nitric acid under conditions similar to those described for the isomeric 7-bromo- 
compound, there was no effervescence, but the solution turned yellow and 5-bromo-7-nitro-9- 
acetylietrahydrocarbazole separated, on cooling, in yellow needles, m. p. 217° (Found: N, 84. 
C,,H,,0,;N,Br requires N, 8-3%). The yield was small, but no further crystalline material 
could be isolated even after the solution had been concentrated under reduced pressure and 


left for 3 weeks. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, November 18th, 1938.] 








Gibbs and Henry: 
49. Modified Cinchona Alkaloids. Part VI. Niquidine. 


By EcBert M. Gisps and Tuomas A. HENRY. 


Owing to the difficulty of accounting for the loss of one atom of carbon in the 
formation of niquine from quinine, and of its analogue, niquidine, from quinidine, 
there has been a tendency to regard these two substances as isomerides of quinine, 
C.,H,,O,N,, although combustion results require the formula C,,H,,0O,N,. It is now 
shown that one carbon atom is eliminated as formaldehyde in the conversion of quini- 
dine into niquidine and that the latter is a mixture of two geometrical isomerides, 
C,,H,,O,N,, which have been fully examined and for which a new constitutional formula 
is suggested. 


In Part IV (J., 1937, 592) the characters and constitution of the isomerides and other trans- 
formation products formed by the action of sulphuric acid (60%) on quinine and quinidine 
were discussed. The same isomerides are formed when the halogenodihydro-derivatives of 
these two alkaloids are dehalogenated, but they may then be accompanied, or largely 
replaced, by products of a different type, viz., niquine from quinine and niquidine from 
quinidine. Niquine was first prepared by Skraup (Ber., 1892, 25, 2909; Monaitsh., 1893, 
14, 428), who assigned to it the formula C,,H,,0,N,, which differs from that of quinine by 
one atom of carbon. It has been repeatedly examined since then and though Skraup 
stated that a volatile reducing substance, probably formaldehyde, was formed in the re- 
action, later workers, e.g., Rosenmund and Kittler (Arch. Pharm., 1924, 262, 18) and 
Reyman and Suszko (Bull. Acad. Polonaise, A, 1935, 360; cf. Suszko, ibid., 1925, 129), 
in spite of the evidence of combustion results, have accepted the view that niquine is 
an isomeride of quinine, C,5H,,0,N,, mainly because of the difficulty of accounting for the 
loss of a carbon atom in the simple reactions by which it is formed. The same difficulty 
occurs with the quinidine analogue, niquidine, for which Domanski and Suszko (tbid., 1935, 
457) obtained combustion results agreeing with C,,H,,0,N,, though they regard their 
niquidine as probably stereoisomeric with niquine, for which Reyman and Suszko (loc. cit.) 
adopted the formula C,5H,,0,.N,. The formula C,>H,,O,N, was proposed by Léger (Bull. 
Soc. chim., 1920, 27, 58; Ann. Chim., 1920, 14, 183) for niquine on the ground ot its similarity 
to the a- and §-cinchonhydrines, similarly obtainable from cinchonine, and which he 
represented as structural isomerides of dihydrocinchonine, C,,H,,ON,, having the con- 
stitution (I, Q = quinolyl). On this basis niquine, and therefore also niquidine, is 
represented by (I, Q = 6-methoxyquinolyl), the only constitutional formula so far 
suggested for this substance. 

In the present paper the preparation of niquidine by the dehalogenation of bromo- or 
iodo-dihydroquinidines is dealt with and an account is given of an investigation of this 
substance, the results of which differ considerably from those recorded by Domanski and 
Suszko (loc. cit.). In particular it has been found that the niquidine of these authors is a 
mixture of two isomerides. It is convenient to refer to this mixture as “‘ niquidine,” the 
name niquidine, without quotation marks, being retained for one of the isomerides, the other 
being called isoniquidine. 

When the elements of a molecule of halogen acid are added to one of the cinchona 
alkaloids, it has been assumed generally that a centre of asymmetry is developed at Cy 
(II) and the resulting halogenodihydro-base occurs in two stereoisomeric forms, which may 
be distinguished as «- for the form of higher rotation and «’- for the other (Part III; 
Goodson, J., 1935, 1094). For the production of “‘ niquidine ’’ it has been necessary to pre- 
pare bromo- and iodo-dihydroquinidines in quantity, as primary materials, and in the course 
of this work «-iododihydroquinidine has been isolated in pure condition, as well as «- and 
«'-bromodihydroquinidines, though for the preparation of “‘ niquidine ”’ it is not necessary 
to separate the two forms. 

After numerous experiments to determine which method gave the best yield of niquidine, 
the results of which are summarised in the experimental section, dehalogenation of the 
bromodihydroquinidines by silver nitrate was finally selected. This process gives yields 
of 50—70% of the theoretical, which are about 10 times as large as those obtained by 
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Domanski and Suszko (loc. cit.), who used potassium hydroxide in alcohol as a dehalo- 
genating agent. In all cases the formation of ‘“ niquidine”’ is accompanied by the pro- 
duction of formaldehyde. 

The “‘ niquidine ” so obtained, on recrystallisation as the dihydrobromide, separated into 
niquidine and ssoniquidine, both represented by the formula C,,H,,0,N,. This‘composition 
makes it necessary to modify the Léger formula (I). The data already on record regarding 
niquidine are that it contains (a) one imino- and one hydroxyl group, as indicated by the 
formation of a nitroso-, a monoacetyl and a diacetyl derivative, (b) one ethylenic linkage, 
since it yields a dibromide, (c) the 6-methoxyquinoline nucleus of quinidine, as it furnishes 
quininic acid on oxidation by hydrogen peroxide (Domanski and Suszko, Joc, cit.), All 
these points have been confirmed and further facts added in the present investigation. 
Niquidine and isoniquidine absorb one molecular proportion of hydrogen, forming the same 
dihydroniquidine, indicating that they are geometrical isomerides. On oxidation with a 
cold solution of potassium permanganate niquidine yields quininic acid and acetaldehyde. 
The latter implies the presence of a CH,*CH:C: group and this is confirmed by Kuhn-Roth 
determinations, which give good results for one :CMe group in niquidine and isoniquidine, 
but low results for dihydroniquidine, which the authors have found to be the case generally 
for reduced cinchona bases in which the group ‘C:CH-CH, has been converted into 
-CH-CH,°CH, as in the reduction of 8-¢soquinine to dihydroquinine (Part IV, loc. cit.). 

Domanski and Suszko found that niquidine on prolonged ebullition in dilute acetic acid 
underwent the Pasteur reaction and was converted into a quinatoxine (quinicine). The 
authors were unable to confirm this observation with niquidine, but found it more convenient 
to investigate the reaction with dihydroniquidine. The product was strongly levorotatory, 
gave no derivatives with reagents for carbonyl groups, was fluorescent in acid solution, 
and yielded readily crystallisable salts, differing in all these and other respects from a 
typical quinatoxine. As the marked levorotation of the substance suggested epimeris- 
ation at Cy, the series of reactions used in the conversion of quinidine into diltydroniquidine 
was applied to efi-C,-quinidine. The resulting ef7-C,-dihydroniquidine was compared with 
the product described above, and found to be identical with it. 


CH,-CH:C—CH—CH, CH,-CH(Hal)-CH—CH—CH, 


CH 


3 
CH,-NH-CH 


H-OH 
(I.) 
il | er J 4 7 
CH,CH:CH-CH—CH, 


CO,H CO,H 
iG: 
NH—CH NH, 
0 + 
| H-OH HO,C-Q 
(III.) QO (IV.) 
Q = quinolyl or 6-methoxyquinolyl. 


This formation of efi-C,-dihydroniquidine from quinidine implies the following changes 
at certain centres of asymmetry. 





Gibbs and Henry: 
Direction of rotation at 


Cy. C,. Cro: 
Quinidine + -- + nil 
Bromodihydroquinidines -+ =f + + and — 
Dihydroniquidine nil -L “ph nil 
epi-C,-Dihydroniquidine nil “> - nil 





The fact that the nitrogen atom in niquidine is secondary indicates that, in the formation 
of this substance from quinidine, scission in the quinuclidine complex (II) must occur at 
the tertiary nitrogen linkage with C,, C, or C,, most probably C,, a -CH,- group being 
eliminated as formaldehyde and hydrogen being added to the adjoining nitrogen and carbon 
atoms. On the assumption that it is the methylene group at position 2 which is eliminated, 
formula (III) represents niquidine and jsoniquidine and, with the change of 
CH,°CH:CH: —> CH,°CH,°CH,", dihydroniquidine. This formula accounts for the carbon 
atom lost in the conversion of quinidine into niquidine, and for all the reactions characteristic 
of the latter referred to above; it explains the existence of two niquidines as geometrical 
isomerides and their conversion into the same dihydroniquidine on hydrogenation. 
Niquidine and dihydroniquidine are now being examined by degradative methods with a 
view to confirming this formula. Oxidation in various ways has given promising results, 
which are not yet quite ready for publication, but it may be mentioned now that it has 
been clearly established that, alongside quininic acid and ammonia, 8-propylglutaric acid 
(IV) is one of the oxidation products of dihydroniquidine, a fact which constitutes the first 
definite piece of evidence as to the nuclear structure of the “‘ second half ”’ of this type of 
substance, and which quite clearly supports formula (III) for niquidine and soniquidine, 
and also for niquine, since the last is undoubtedly stereoisomeric with niquidine. 

These considerably modified cinchona alkaloids are of some biological interest, as it 
has been found that, whereas in the natural cinchona alkaloids the levorotatory bases are 
more efficient drugs, as tested in avian malaria, than the dextrorotatory forms the reverse 
is the case with the niquines and niquidines, niquidine itself having an activity of about the 
same order as dihydroquinine and being the most active dextrorotatory cinchona alkaloid 
so far found (Buttle, Henry, Solomon, Trevan, and Gibbs, Biochem. J., 1938, 32, 47). 


EXPERIMENTAL. 


In the following account the combustion results are in all cases from micro-analyses. Unless 
stated otherwise, the specific rotations are for c = m/40 for the dry substance: the name of the 
solvent used is given in parentheses. 

Iododihydroquinidines.—Dry quinidine (25 g.), purified as already described (Part II, J., 
1935, 969), was dissolved in hydriodic acid (d 1-94, 100 c.c.) previously decolorised by shaking 
with washed, red phosphorus. The solution was warmed at 70° for 2 minutes and set aside in 
the dark for 48 hours. The deposited iododihydroquinidine dihydriodide, m. p. 240° (decomp.), 
was collected, washed with dilute hydriodic acid and finally with water, and dried in a vacuous 
desiccator. Further crops of less pure material (m. p. 180—230°) were obtained by diluting 
the mother-liquors with water. The dihydriodide is sparingly soluble in water and dilute acids 
and the base is sparingly soluble in ether, so that recovery of the latter can only be effected in 
small quantities at a time. No separation into two components was observed during recrys- 
tallisation of the base or its salts and the product is assumed to consist of «-iododihydroquinidine, 
as the specific rotation is of about the value expected for that form. A second form probably 
occurs in the secondary crops and in the mother-liquors, but it has not been possible to isolate 
it because, on recrystallisation, decomposition ensues with loss of iodine. The crude base 
recovered from these sources differs from the a-form in giving a much larger yield of “‘ niquidine ”’ 
on dehalogenation with potassium hydroxide in alcohol. 

«-Iododihydroquinidine crystallises from alcohol in prisms, m. p. 202° (decomp.), [«]}*° + 
259° (n/10-hydrochloric acid) (Found: I, 27-5. Calc. for Cy5H,,0,N,I: I, 28-1%). Schubert 
and Skraup (Monatsh., 1891, 12, 667) give m. p. 218—220° for the base and m. p. 230° for the 
dihydriodide, and Lippmann and Fleissner (ibid., 1892, 13, 432) give m. p. 205—206° for the 
base and m. p. 217° for the hydriodide. No other constants appear to have been recorded for the 
base or its salts. The dihydrochloride crystallises from water in long needles, m. p. 202° 
(decomp.), [a] + 224-4° (n/10-hydrochloric acid) (Found: loss at 100° in a vacuum, 15-9. 
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C,,H,;0,N,1,2HCI1,5$H,O requires H,O, 15-9%). The dinitrate forms long, anhydrous prisms, 
m. p. 192° (decomp.), [«]}** + 203-4° (n/10-hydrochloric acid). The acid sulphate separates from 
solution in boiling water in laminz, m. p. 172° (decomp.), [«]}** + 212-3° (n/10-hydrochloric 
acid) (Found: loss at 110° in a vacuum, 11-4. C,9H,;0,N,I,H,SO,,4H,O requires H,O, 
11-6%). 

Bromodihydroquinidines.—Dry quinidine base (100 g.) was dissolved in hydrobromic acid 
(d 1-7, 300 c.c.) below 50°, and the solution kept at 40—50° for 50 hours. It was then cooled and 
partially neutralised with sodium hydroxide solution (50%). A large crop of bromodihydro- 
quinidine dihydrobromide separated. A second crop was obtained by further partial neutralis- 
ation, and a third by addition of alkali until the filtrate was just acid to Congo-red paper. The 
remaining base was recovered by pouring the filtrate into excess of sodium hydroxide solution. 
This fractional precipitation effected a considerable separation of the «- and «’-forms: fraction 
1 consisted almost wholly of «-bromodihydroquinidine dihydrobromide and fractions 2 and 3 
of the dihydrobromide of the «’-form. Fraction 1 was purified by conversion into and re- 
crystallisation as the dihydrochloride. 

a-Bromodihydroquinidine crystallises from ether in anhydrous prisms, darkens at 195° and 
melts and decomposes at 235°, [«]}* + 271-2° (n/10-hydrochloric acid) (Found: Br, 19-8. 
C,,5H,,O,N,Br requires Br, 19°7%). The dihydrochloride crystallises from water and has m. p. 
217° (decomp.); it cannot be dried even at 100° in a vacuum without some decomposition, which 
also ensues on repeated crystallisation from water, as the final crops are low in bromine and the 
mother-liquors gradually acquire an odour of formaldehyde. The nitrate separates from dilute 
alcohol in anhydrous needles, m. p. 215° (decomp.), [«]i**° + 233-7° (n/10-hydrochloric acid). 
The acid sulphate forms needles from 50% alcohol and has m. p. 180°, [a]}** + 217-2° (w/10-hydro- 
chloric acid) (Found: loss on drying at 120° in a vacuum, 12-8. C, 9H,,0O,N,Br,H,SO,,4H,O 
requires H,O, 12-5%). 

The pure base (6 g.), dissolved in alcohol (150 c.c.) and n-sodium hydroxide (15 c.c.), was 
shaken with hydrogen in presence of palladised calcium carbonate (6 g.). When about half 
the calculated amount of gas had been taken up, the rate of absorption became slow and further 
catalyst (5 g.) was added. The total hydrogen absorption at N.T.P. was 347 c.c. (calc. for 1 
mol. of hydrogen, 332 c.c.). The base recovered was recrystallised successively as base, dihydro- 
bromide, and base. The final crop from alcohol had m. p. 170°, [a]p + 298° (n/10-sulphuric 
acid) and showed no depression of m. p. on admixture with dihydroquinidine. No 
“‘ niquidine ” could be isolated from the mother-liquors. 

«'-Bromodihydroquinidine. The base (10 g.) recovered from fractions 2 and 3 of the crude 
dihydrobromide was purified through the hydrochloride; the regenerated base crystallised from 
ether in needles, m. p. 210° (decomp.), [«]}®* + 231-7° (N/10-hydrochloric acid) (Found: loss 
in a vacuum at 110°, 12-4. Found in base so dried: C, 59-0; H, 6-25; N, 6-7; OMe, 7-4; 
Br, 19-8. C,,H,,O,N,Br,3H,O requires H,O, 11-8%. CC, 9H,,0,N,Br requires C, 59:2; H, 
6-2; N, 6-9; OMe, 7-65; Br, 19-7%). 

The nitrate crystallises from water in anhydrous plates, m. p. 225° (decomp.) (Found for 
salt dried at 110° in a vacuum: C, 51:3; H, 5-6; N, 8-4. CO, 9H,,;0,N,Br,HNO, requires C, 
51-3; H, 5-6; N, 9-0%). 

The hydrochloride forms small prismatic crystals from 50% alcohol, m. p. 238° (decomp.), 
[a}7®° + 213-8° (N/10-hydrochloric acid). 

The dihydrobromide separates from dilute (10%) hydrobromic acid in long needles, m. p. 235° 
(decomp.), [a] + 166° (water) (Found: loss on drying at 105° in a vacuum, 10-5. 
C,,H,,0,N,Br,2HBr,3H,O requires H,O, 10-4%). 

The sulphate crystallises from 70% alcohol in needles, m. p. 207°, [a]}®° + 206-1° (n/10- 
hydrochloric acid) [Found: loss in a vacuum at 120°, 5-2. (C, 9H,,0,N,Br),,H,SO,,3H,O 
requires H,O, 5-6%]. 

As hydrogenation could not be effected in acid solution in presence of palladised barium 
sulphate, or platinic oxide catalyst, the «’-bromo-base (5 g.) was dissolved in alcohol (100 c.c.) 
and n-sodium hydroxide solution (12-5 c.c.), and the mixture shaken with palladised calcium 
carbonate in an atmosphere of hydrogen, the catalyst being renewed from time to time until 
absorption of hydrogen ceased. The alkaloidal product, recovered in the usual way and dis- 
solved in boiling alcohol, yielded a crop of dihydroquinidine, identified by a mixed m. p. deter- 
mination, m. p. 171°, with an authentic specimen. The mother-liquor from this crop on treat- 
ment with oxalic acid yielded an acid oxalate, m. p. 205°, of a base, m. p. 160°, [a]p + 278-5° 
(N/10-sulphuric acid), agreeing in characters with crude “‘ niquidine ”’ and, like the latter, on 
hydrogenation in presence of palladised barium sulphate, yielding dihydroniquidine, m. p. 
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165°, [«]p ++ 230-7° (n/10-sulphuric acid), identified by a mixed m. p. determination with an 
authentic specimen (see p. 245). The mother-liquor from the “ niquidine ” acid oxalate was 
reworked to base, which on treatment with an aqueous solution of tartaric acid yielded a crop of a 
hydrogen tartrate, from which y-isoquinidine was isolated as the dinitrate, m. p. 213° (decomp.), 
[a] ++ 53°3° (water), which showed no depression of m. p. on admixture with an authentic 
specimen. 

Pe The results of a separate experiment, in the absence of hydrogen, showed that the pro- 
duction of niquidine and y-isoquinidine in this operation was due to the action of the alkali on 
the «’-bromodihydroquinidine, which is much more easily dehalogenated than the «-isomeride. 
The niquidine formed is not hydrogenated in presence of palladised calcium carbonate, but is 
converted into dihydroniquidine in presence of palladised barium sulphate. 

Preparation and Separation of Niquidines.—A systematic study has not been made of the 
conditions which determine the production of ‘‘ niquidine ’”’ rather than quinidine isomerides 
in the dehalogenation process, but many experiments have been made with a view to improving 
the yield of “‘ niquidine ”’ and the results are of some interest apart from this particular purpose. 
With potassium hydroxide in alcohol, the products were a- and y-isoquinidines, apoquinidine 
methyl ether and, exceptionally, 8-isoquinidine with small quantities of “‘ niquidine,”’ 4% in the 
case of chlorodihydroquinidine, 7—8% with bromodihydroquinidine, and 10% with 
iododihydroquinidine. With boiling alcohol, iododihydroquinidine base was converted into 
a mixture of iododihydroquinidine hydriodide and niquidine with a small amount of isoniquidine, 
a reaction corresponding with that already recorded by Reyman and Suszko (loc. cit.) for 
iododihydroquinine, boiled with benzene. With silver nitrate in alcohol, the bromodihydro- 
quinidines yielded some «-isoquinidine but chiefly ‘‘ niquidine.”” The a-form gave isoniquidine 
(46%) and niquidine (8%), and the «’-isomeride yielded niquidine (63%) and isoniquidine 
(10%). With iododihydroquinidine, the same reagent furnished isoniquidine (56%) and 
niquidine (24%). All these results refer to the action of the specified reagent on the halogenated 
dihydro-base and the production of ‘‘ niquidine ” is invariably accompanied by the liberation 
of formaldehyde. 

When salts were used, the results were different except when potassium hydroxide in alcohol 
was the dehalogenating reagent. «’-Bromodihydroquinidine dihydrobromide with silver 
nitrate in alcohol, in quantity more than sufficient to precipitate all the bromine as silver 
bromide, gave y-isoquinidine (68%). Iododihydroquinidine dihydriodide with the same reagent 
produced apoquinidine methyl] ether (20%) but no “ niquidine.” 

The method finally adopted was as follows: Dry crude bromodihydroquinidine (1 g.) was 
dissolved in 80% alcohol (20 c.c.), silver nitrate (0-5 g.) in water (1 c.c.) added, the mixture, 
after being boiled for 30 minutes, diluted with water and made acid, the excess of silver removed 
by precipitation with sodium chloride, and the filtrate evaporated in a vacuum to remove alcohol. 
The distillate had a strong odour of formaldehyde and the latter was definitely identified by 
conversion into the dimedon compound, m. p. 188°, mixed m. p. 188°. The aqueous residue was 
then made alkaline, and the base extracted with ether and converted into the readily crystallis- 
able acid oxalate, m. p. 205°. The base recovered from this salt, on conversion into the dihydro- 
bromide and recrystallisation of the latter from water, deposited first isoniquidine dihydro- 
bromide. Niquidine was recovered from the mother-liquors as base and purified by conversion 
into and recrystallisation of the hydrobromide. 

Niquidine. The base recovered from the pure hydrobromide crystallises from moist ether in 
stellate groups of needles, m. p. 172°, [a]}® + 301-5° (N/10-sulphuric acid) or + 186° (c = 1; 
alcohol) (Found : C, 73-2; H, 7-7; N, 9-0; OMe, 9-9; CMe, 8-0. C,.H,,O,N, requires C, 73-0; 
H, 7-75; N, 9-0; OMe, 9-9; CMe, 8-65%). The base not being sufficiently soluble in solvents 
suitable for Zerewitinoff determinations, replaceable hydrogen could not be determined. 
The hydrobromide forms anhydrous, prismatic crystals, m. p. 217°, [aJi®* + 240-2° (n/10- 
sulphuric acid), and is very sparingly soluble in water. The dihydrobromide crystallises from 
water in large prisms, m. p. 230° (decomp.), [«]}®° + 198-7° (water) (Found : loss at 120° in a 
vacuum, 6-9. C,,H,,O,N,,2HBr,2H,O requires H,O, 7-°05%). The acid oxalate forms minute 
needles, m. p. 215°. On hydrogenation as described later for isoniquidine, niquidine yields 
dihydroniquidine, m. p. 165°, [«]}*° + 229-1° (N/10-sulphuric acid), identical with that obtained 
by the hydrogenation of isoniquidine. 

isoNiquidine. The base recovered from the purified dihydrobromide crystallises from 
acetone in rectangular prisms, m. p. 163°, [a]}* + 222-0° (n/10-sulphuric acid) or + 122° 
(¢ = 1; alcohol) (Found for base dried in a vacuum at 110°: C, 73:1; H, 7-8; N, 9:1; OMe, 

10-1; CMe, 8:2. C,.H,,O,N, requires C, 73-0; H, 7-75; N, 9-0; OMe, 9-9; CMe, 8-65%). The 
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dihydrobromide forms pale yellow, anhydrous prisms, m. p. 265° (decomp.), [«]}” + 146-8° 
(water). The acid oxalate forms minute anhydrous needles, m. p. 223°, from alcohol. 

Dihydroniquidine.—This substance is formed by the hydrogenation of either niquidine or 
isoniquidine. The latter (0-46 g.), dissolved in dilute sulphuric acid and shaken in hydrogen in 
presence of palladised barium sulphate (0-1 g.), absorbed 32-9 c.c. (Calc. for H,, 33-1 c.c.). 
For hydrogenation of larger quantities (10 g. or more) Adams’s platinic oxide proved a speedier 
catalyst for the reaction. Dihydroniquidine crystallises from moist ether or acetone (1 g. in 
40 c.c.) in slender, anhydrous needles, m. p. 165°, [a]}®° + 231-6° (n/10-sulphuric acid) or 
+ 126-8° (c = 1-0 alcohol) (Found for base dried at 110° ina vacuum: C, 72-8; H, 8-4; N, 91; 
OMe, 9-7; CMe, 2-9 to 7:0%. C,,H,,O,N, requires C, 72-6; H, 8-3; N, 8-9; -OMe, 9-9; CMe, 
8-6%). Zerewitinoff determinations for replaceable hydrogen (RH) gave with anisole as solvent 
(1) at atmospheric temperature 4-68 (calc. for HO, 54%) and (2) additional at 130°, 4-05 
(calc. for NH, 47%). These results are regarded as due to reaction with the hydroxyl 
group alone in anisole at atmospheric temperature, and reaction with the imino-group in 
anisole at 130°. 

The dihydrobromide crystallises from water in anhydrous needles, m. p. 245° (decomp.), 
[a] + 152-9° (water). The sulphate forms needles from 80% alcohol and has m. p. 180°, 
[a}i®° + 200-4° (n/10-sulphuric acid) [Found: loss on drying at 110° in a vacuum, 4-7. 
(CygHg0.N.)2,H,SO,,2H,O requires H,O, 4:7%]. The acid sulphate forms rosettes of silky 
needles, m. p. 182° (decomp.), [«]}®° + 177-2° (water). During the recrystallisation of the base 
or any of its salts no indication was obtained of the existence of more than one form. This is 
accounted for by formula (III) now proposed for niquidine, whereas the Léger formula (I) 
requires the production of two dihydroniquidines, since C; would become a centre of asymmetry 
on hydrogenation. 

Dihydroniquidine base (1 g.) was dissolved in water (30 c.c.) containing concentrated hydro- 
chloric acid (10 c.c.), and the solution immersed in ice and salt. Sodium nitrite (3-5 g.) in water 
(10 c.c.) was then added drop by drop with constant agitation, and the mixture left in the 
refrigerator overnight. The crop of nitrosodihydroniquidine salt was worked up for base and 
the nitrosodihydroniquidine recrystallised from benzene. It formed minute, anhydrous needles, 
m. p. 170° (Found for base dried at 100° in a vacuum: C, 66-2; H, 7:4; N, 12-0; OMe, 8-5. 
C,,H,,03N; requires C, 66-4; H, 7-3; N, 12-2; OMe, 9-0%). 

N-Methyldihydroniquidine prepared by a usual N-alkylation method (yield, 12-5%) crys- 
tallised from: methyl alcohol in anhydrous rectangular plates, m. p. 212°, [a]}*° + 234° (n/10- 
sulphuric acid) (Found for base dried at 120° in a vacuum: C, 73-15; H, 8-6; N, 8:5; OMe, 
9-4; NMe, 8-7. C,.H,,O,N, requires C, 73-1; H, 8-6; N, 85; OMe, 9-4; NMe, 88%). 
Dihydroniquidine phenylthiocarbamide obtained by direct interaction of the components in a 
little benzene, can be crystallised from the same solvent and has m. p. 112° (Found: S, 7-0. 
CygH3,0,N;S requires S, 7:1%). 

Conversion of Dihydroniquidine into epi-C,-Dihydroniquidine.—Dihydroniquidine base 
(10 g.) was dissolved in acetic acid (12-5 g.) and water (125 c.c.), the solution boiled for 20 hours, 
and the altered base isolated by addition of ammonia and extraction with ether. It was 
neutralised with hydrobromic acid, the crop removed, and the residues acidified to dihydro- 
bromide, yielding a further crop, which, like the first, proved to consist mainly of a sesquihydro- 
bromide of a new base with some unchanged dihydroniquidine as hydrobromide. These were 
separated by crystallising the recovered base from acetone to eliminate the less soluble 
dihydroniquidine. The mother-liquors were freed from acetone, and the residue dissolved in 
alcohol and made just acid to Congo-red paper with hydrobromic acid. The sesquihydrobromide 
of the new base crystallised at once and was recrystallised from 50% alcohol. It formed silky 
needles, m. p. 240° (decomp.), [«]}8° — 102-8° (n/10-sulphuric acid) [Found : loss at 110° ina 
vacuum, 19. (C,,H,.O0,N,).,3HBr,H,O requires H,O, 21%. Found for substance so dried : 
C, 52-4; H, 6-5; N, 6-5; Br, 27-2; OMe, 7-1. (C,,H,,0,N,),,3HBr requires C, 52-4; H, 6-4; 
N, 6-4; Br, 27-5; OMe, 7-1%]. The base recovered from the sesquihydrobromide was a hard 
glassy solid, [aJ]}®° —140-8° (n/10-sulphuric acid) or — 33-3° (¢ = 1; alcohol), which has not 
yet been crystallised. It behaves like dihydroniquidine in Zerewitinoff determinations, yielding 
with anisole as solvent RH 6-25 (calc. for HO, 5-4%) at atmospheric temperature, and additional 
RH 4-6 (calc. for NH, 48%) on warming to 130°. The sesquinitrate separates from alcohol in 
clusters of small needles, m. p. 196° (decomp.), [a]}§° — 110-3° (n/10-sulphuric acid) [Found : 
loss at 100° in a vacuum, 4-6. (C,9H,,0,N,).,3HNO,,2H,O requires 2H,O, 4.5%. Found for 
salt so dried: C, 55:8; H, 6-7; N, 11-9; OMe, 7-3. (C,.H,,O,N;),,3HNO, requires C, 55-8; 
H, 6-7; N, 12-0; OMe, 7-6%]. 
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Solutions of the base in sulphuric acid or nitric acid show a marked blue fluorescence, and a 
solution in dilute sulphuric acid is not hydrogenated in presence of palladium catalyst. 

This substance had not the properties of the ‘‘ niquinotoxine ” which might be expected to be 
produced in this reaction and its high levorotation suggested that it might be the unknown 
epi-C,-dihydroniquidine. The latter was prepared from epi-C,-quinidine, by the series of re- 
actions used in the conversion of quinidine into dihydroniquidine, the intervening products 
being iododihydro-epi-C,-quinidine, prisms from ether, m. p. 150—155° (decomp.) (Found : 
I, 27-7. Cy gH,,0,N,I requires I, 28-1%), and epi-C,-niquidine (probably a mixture of the two 
isomerides), the latter being hydrogenated to the required epi-C,-dihydroniquidine, which, 
when dissolved in alcohol and the solution made just acid to Congo-red, deposited a sesquihydro- 
bromide, silky needles, m. p. 240° (decomp.), [a]}* — 102-2° (N/10-sulphuric acid), identical 
with the sesquihydrobromide of the transformation product from dihydroniquidine. 


The authors desire to record their thanks to Mr. R. Maidstone for assistance in the preparative 
work, and to Messrs. Bennett and Clark for the microanalyses. 
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50. Methyl Ethers of Arabo-ascorbic Acid and their Isomerism. 


By E. G. E. Hawkins, E. L. Hirst, and J. K. N. Jongs. 


The behaviour of d-arabo-ascorbic acid on methylation with diazomethane has 
been studied with the view of comparing it with that of the stereochemically related 
l-ascorbic acid. It is found that the hydroxyl group at C, is the most acidic and 
reacts most readily, giving 3-methyl d-arabo-ascorbic acid (IV). The acid (IV) is 
convertible into the 2: 3-dimethyl derivative (V), the lactone ring of which opens 
normally in the presence of alkali. Regeneration of 2: 3-dimethyl d-arabo-ascorbic 
acid does not take place on acidification of the salts, the product being the iso-derivative 
(VII) containing a second ring system formed by the addition of the hydroxyl group 
at C, to the double bond. The iso-derivative behaves as a glucoside and in aqueous 
acid gives, after rearrangement, 2-methyl d-arabo-ascorbic acid. The latter in turn 
gives on methylation the normal 2: 3-dimethyl derivative. There is therefore a 
close analogy with the behaviour of J-ascorbic acid. 


THE lactone ring in 2 : 3-dimethyl ascorbic acid (I) opens in the usual way under the 
influence of alkalis, giving a salt of this acid. Acidification, followed by lactonisation 
of the free acid, no longer yields the original 2 : 3-dimethyl ascorbic acid but gives an 
isomeric modification (II) in which a new ring has been formed by the addition of the 
hydroxyl group at C, to the double bond (Haworth, Hirst, Smith, and Wilson, J., 1937, 
829; compare Micheel, Annalen, 1935, 519, 70; 1936, 525, 66). Similar observations were 
made with 2 : 3-dimethyl gluco-ascorbic acid (Haworth, Hirst, and Jones, J., 1937, 549) 
and it appeared that this type of ison:-risation might be a general feature of the ascorbic 
go | hari 
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acid group. In the present paper experiments on the methyl ethers of d-arabo-ascorbic 
acid are described. Since this analogue differs from ascorbic acid only in the configuration 
of the groups attached to C;, an opportunity was presented to see what effects on the 
formation and stability of the new ring system might result from such a change in the 
stereochemical arrangement of the molecule. 

The d-arabo-ascorbic acid (III) required was prepared by the action of sodium meth- 
oxide on methyl 2-keto-d-gluconate (Maurer and Schiedt, Ber., 1933, 66, 1054). The 
methylation of d-arabo-ascorbic acid with diazomethane proceeds in two well-marked 
stages. The first product, formed when the substance is titrated with diazomethane 
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(1 mol.), is 3-methyl d-arabo-ascorbic acid (IV), m. p. 102°, [«]p — 26° in water. This 
acts as a monobasic acid towards alkali (without opening of the lactone ring), gives a blue 
colour with ferric chloride, thereby indicating that the hydroxyl at C, is not methylated, 
and displays a strong absorption band at 4 2450 A. (e 9000) in slightly acidified water. In 
alkaline solution the head of the band moves to 42750 A. (e ca. 7000). At this stage a 
difference between the behaviour of ascorbic acid and arabo-ascorbic acid manifests itself 
in that with the latter substance no trace is detectable of the isomeric -derivative which 
accompanies the 3-methyl derivatives of both ascorbic acid and gluco-ascorbic acid when 
the methylation is carried out under these conditions. 
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The properties of 3-methyl arabo-ascorbic acid are very similar to those of 3-methyl 
ascorbic acid and on further methylation by diazomethane 2 : 3-dimethyl d-arabo-ascorbic 
acid (V) is produced as a syrup, [«]p — 20° (in water), which shows a strong absorption 
band at 2380 a. In contrast with the behaviour of the monomethyl derivative, dimethyl 
d-arabo-ascorbic acid reacts towards alkali as a normal lactone, giving a salt by opening 
of the lactone ring. The salts display neither unsaturation nor selective absorption and we 
are inclined to the view that isomerisation with formation of the 3 : 6-oxide ring present 
in iso-dimethyl ascorbic acid takes place simultaneously with the fission of the lactone 
ring (VI). Lactonisation of the free acid does not result in regeneration of 2 : 3-dimethyl 
arabo-ascorbic acid and the product, dimethyl iso-d-arabo-ascorbic acid (VII), shows no 
selective absorption in the ultra-violet region and has properties exactly analogous with 
those of dimethyl iso-ascorbic acid. Occasionally, as is the case also with the latter 
substance, distillation of the iso-derivative results in rearrangement with formation of 
the normal 2 : 3-dimethyl arabo-ascorbic acid, but the conditions necessary for this could 
not be ascertained with any degree of certainty. An observation of special structural 
interest emerged from a study of the action of methyl-alcoholic hydrogen chloride on 
dimethyl iso-arabo-ascorbic acid. It has already been pointed out (Haworth, Hirst, 
Smith, and Wilson, loc. cit.) that the methoxyl group at C, in the 7so-derivative is glucosidic 
in type and undergoes hydrolysis in the same way as that in ordinary glycosides. Strong 
confirmatory evidence of this comes from the observations that in anhydrous methyl- 
alcoholic hydrogen chloride (VII) remains unchanged, but when water is added, loss of 
methyl alcohol by hydrolysis takes place, accompanied by opening of the second ring and 
formation of 2-methyl d-arabo-ascorbic acid of normal structure (VIII). The latter, which 
resembles 2-methy]l /-ascorbic acid in giving a red colour with ferric chloride, gives rise to 
the normal 2 : 3-dimethyl derivative (V) on methylation with diazomethane. 


EXPERIMENTAL. 
3-Methyl d-Avabo-ascorbic Acid.—To a solution of d-arabo-ascorbic acid (4 g.) in dry methyl 
alcohol, an ethereal solution of diazomethane was added slowly at — 10° until a faint yellow 
colour persisted. -On removal of the solvent at 15° under diminished pressure, a syrup was 











248 Methyl Ethers of Arabo-ascorbic Acid and their Isomerism. 


obtained which soon crystallised. The solid, after being triturated with acetone-light petroleum, 
was recrystallised from acetone, giving 3-methyl d-arabo-ascorbic acid in colourless needles, 
m. p. 102°, [«]}” — 26° in water (c, 2-6). A further crop of crystalline material was obtained 
on concentration of the solvent used for trituration (total yield, 75%). The acid gave a blue 
colour with ferric chloride, required 1 equiv. of alkali for neutralisation of its aqueous solution 
(indicator, phenolphthalein), and reacted slowly with aqueous iodine in acid solution (Found : 
C, 44-1; H, 5-6; OMe, 16-5. C,H,,O, requires C, 44-2; H, 5-3; OMe, 16-3%). 

2: 3-Dimethyl d-Avabo-ascorbic Acid.—-This was obtained either by direct methylation of 
d-arabo-ascorbic acid by the above method, an excess of diazomethane being used, or by the 
treatment of the 3-methyl derivative in dry methyl alcohol with a slight excess of ethereal 
diazomethane at — 5°. It was a syrup (yield, quantitative) which could not be crystallised, 
n2” 1-4990, [a]? — 20° in water (c, 5-0), — 37° in methyl alcohol (c, 5-3) (Found ; OMe, 30-5. 
C,H,,0, requires OMe, 30-4%). It gave no colour with ferric chloride and did not react with 
iodine in aqueous solution. Its aqueous solution-was neutral but reacted slowly with n/100- 
alkali, taking up finally 1 equiv. by opening of the lactone ring. The rotation of the sodium 
salt so formed was [a]?”” — 25° in water (c, 1-0). During the reaction with alkali the character- 
istic absorption band of 2: 3-dimethyl d-arabo-ascorbic acid at 2380. (in water; e, 9000) 
gradually disappeared and the sodium salt showed only general end-absorption. 

Dimethyl iso-d-Arabo-ascorbic Acid.—2 : 3-Dimethyl d-arabo-ascorbic acid was allowed to 
react with a slight excess of n/20-barium hydroxide in an atmosphere of nitrogen, first at room 
temperature (30 mins.) and then at 50° for 30 minutes. The reaction was followed spectro- 
photometrically and its completion was indicated by the disappearance of the absorption band 
at 12380 a. Sulphuric acid, equivalent to the barium hydroxide, was added and the precipitated 
barium sulphate was removed. The absorption spectrum of the solution at this stage had no 
trace of a band at 12380 a. and consequently it was evident that no 2: 3-dimethyl d-arabo- 
ascorbic acid had been regenerated. On evaporation of the aqueous solution dimethyl iso-d- 
arabo-ascorbic acid was obtained as a syrup, nj" 1-4980, which showed no tendency to crystallise. 
Its rotation in water was small ([a]) ca. — 5°) and its absorption spectrum showed no band 
at 12380 a. but merely end-absorption below 12200 a. (Found: OMe, 28-4. C,H,,0, requires 
OMe, 30-4%). It gave no colour with ferric chloride; its aqueous solution was neutral, but in 
presence of alkali it took up 1 equiv. Attempts were made to prepare from it an amide of 
the type so readily formed from dimethyl iso-l-ascorbic acid, but no crystalline derivative could 
be isolated. 

On occasions simple distillation of the iso-derivative resulted in regeneration of normal 
2: 3-dimethyl d-arabo-ascorbic acid, b. p. ca. 140°/0-002 mm.; [a]? — 22° in water; OMe, 
31-3% ; absorption band at 42380 a., which disappears in alkaline solution. On other occasions, 
however, the iso-derivative distilled unchanged at 145°/0-002 mm. and we were unable to deter- 
mine the conditions governing the possibility of regeneration on distillation (compare Haworth, 
Hirst, Smith, and Wilson, Joc. cit.). 

When the iso-derivative (0-4 g.) was boiled with dry 3% methyl-alcoholic hydrogen chloride 

(30 c.c.), no absorption band appeared for some time. After 6 hours, a weak band corresponding 
to that of furfural (decomposition product) began to appear at 12750 a. After neutralisation 
of the acid with silver carbonate, followed by filtration and removal of the solvent, dimethyl 
iso-d-arabo-ascorbic acid was recovered practically unchanged (no absorption band; no colour 
with ferric chloride; OMe, 28%). On the other hand, if the methyl-alcoholic hydrogen chloride 
contained 10% of water, an absorption band at 12400—2450 a. quickly made its appearance 
and reached its maximum intensity in 8 hours. The product (yield, 75%), isolated in the usual 
way, was now a monomethyl derivative of normal structure, which, since it was not the 3- 
methyl derivative described above, must be the 2-methyl derivative. It gave a deep red colour 
with ferric chloride (compare 2-methyl /-ascorbic acid; Joc. cit.) and its absorption spectrum 
had a single intense band at 12400—2450 a. (Found: OMe, 16-5. C,H,,O, requires OMe, 
16-3%). On methylation with diazomethane (for conditions, see above) it gave normal 2: 3- 
dimethyl d-arabo-ascorbic acid, characterised by the following properties: nj 1-4985; [a]p 
— 38° in methyl alcohol, — 19° in water; no colour with ferric chloride; neutral, but took up 
1 equiv. of alkali when heated with n/10-sodium hydroxide; absorption band at (2380 a. 
in neutral solution, no band in alkaline solution (Found: OMe, 29-9. Calc., 30-4%). 


The authors thank Imperial Chemical Industries Ltd. for a grant and the Department of 
Scientific and Industrial Research for a maintenance grant awarded to one of them (E. G. E. H.) 
[Received, December 17th, 1938.] 
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51. The Isolation of Derivatives of 2-Methyl Glucose and 3-Methyl 
Glucose from a Partly Methylated Cellulose. 


By W. J. HEDDLE and E. G. V. PERCIVAL. 


The products of the hydrolysis of a partly methylated cellulose, prepared according 
to Piwonka (Ber., 1936, 69, 1965) by the methylation in the cold of a sodium cupri- 
cellulose complex, gave 2-methyl glucosephenylhydrazone and 3-methyl glucosazone ; 
the second compound has already been isolated by Piwonka (loc. cit.) from the same 
source. The absence of derivatives of 6-methyl glucose is noteworthy and the possi- 
bility that the primary alcohol residues are shielded in some way is strengthened by 
these observations. 


IN a previous paper (Heddle and Percival, J., 1938, 1690), it was shown that potassium 
hydroxide-cellulose on methylation with anhydrous methyl sulphate yielded a partly 
methylated cellulose (OMe, 5—9%), among the hydrolysis products of which the only 
monomethyl glucose to be detected was 2-methyl glucose. Attention was drawn to the 
results of Piwonka (Ber., 1936, 69, 1965), who, using ramie fibre, isolated a derivative of 
3-methyl glucose after methylating a sodium cupri-cellulose complex in aqueous solution 
and hydrolysing the ‘‘ hemi-methyl cellulose ’’ obtained. These experiments have been 
repeated on cotton cellulose and Piwonka’s result is confirmed in so far as 3-methyl glucose 
can certainly be identified (as the glucosazone) in the mixture produced on hydrolysis, but 
2-methyl glucosephenylhydrazone also has been isolated in good yield, so there is no doubt 
that, when cotton cellulose is used, methylation takes place at both these positions in certain 
of the anhydroglucose units and is not confined exclusively to position 3. No 6-methyl 
glucosazone nor any dimethyl glucosazone could be detected, although it has been shown that 
position 6 is the most reactive group in a- and 6-methylglucosides (Heddle and Percival, 
loc. cit.), cellobiose (Percival and Ritchie, J., 1936, 1765), and sucrose (Percival, J., 1935, 
648). This strengthens the view that in cellulose these residues either are shielded in some 
way or may be involved in the cross-linkages which are presumed to hold the long chains 
of 6-glucopyranose units together (Cox, Ann. Reports, 1937, 34, 189). 

Compton (J. Amer. Chem. Soc., 1938, 60, 2823), who has methylated cellulose dispersed 
in dibenzyldimethylammonium hydroxide, has also isolated a crystalline derivative of 
2-methyl glucose on hydrolysis of the partly methylated cellulose so obtained, and Lieser 
(Annalen, 1929, 470, 104) has shown by similar means that position 2 is involved in xan- 
thate formation. Schorigin and Makarowa-Semljanskaja (Ber., 1936, 69, 1713), by treating 
cellulose in liquid ammonia with sodium and subsequently with methyl iodide, obtained a 
partly methylated cellulose, and hydrolysis yielded a mixture of monomethyl glucoses 
which gave an osazone of low methoxyl content (OMe = 2%). This may be taken as 
evidence of the presence of a considerable proportion of 2-methyl glucose. 

Evidence that the methylation of certain of the primary alcoholic residues in cellulose 
is hindered in some way is also furnished by Karrer and Escher (Helv. Chim. Acta, 1936, 
19, 1192), who found it difficult to introduce the full methoxyl content on methylation of 
cellulose acetates, and on hydrolysis of the methylated cellulose produced (OMe = 42-5— 
43%) a dimethyl glucose was obtained which was converted into the crystalline 2 : 3- 
dimethyl 4 : 6-di-p-toluenesulphonyl methylglucoside of Oldham and Rutherford (J. Amer. 
Chem. Soc., 1932, 54, 366). These independent observations from a variety of sources 
appear to agree with our results and support the view that in some anhydroglucose units 
position 2 is especially reactive and that substitution in position 6 is difficult. 


EXPERIMENTAL. 

Perparation of Partly Methylated Cellulose.—The methods adopted were identical with those 
described by Piwonka (loc. cit.) as far as could be judged from his paper, except that surgical 
cotton was used instead of ramie fibre. After treatment with cupric chloride (0-5 mol. per 
anhydroglucose unit) and 17% sodium hydroxide solution, pressing and drying, a product was 
obtained containing approximately 5 mols. of sodium hydroxide per anhydroglucose unit, 
although several trial experiments were necessary to determine the correct degree of the pressing 
out of the adhering liquid. Methylation at room temperature in aqueous suspension with 
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methyl sulphate (6-8 mols.) was carried out for 1 hour and the product was filtered off and washed 
with dilute hydrochloric acid and alcohol until all copper was removed. The dried fibrous 
products obtained in good yield in this way had methoxyl contents ranging from 9 to 11%. 

Isolation of Monomethyl Glucoses.—Simultaneous hydrolysis and glucoside formation was 
carried out by contact of the partly methylated cellulose (5 g.) with 1% methyl-alcoholic hydro- 
gen chloride after the method of Irvine and Hirst (J., 1923, 123, 518). A longer period of 
heating was necessary than for trimethyl] cellulose and even after 150 hours at 130° an insoluble 
residue (1-0 g.) remained, but this was substantially unchanged material (OMe, 8%) and a 
quantity obtained from several experiments gave on hydrolysis a mixture of sugars similar to 
that described below. Neutralisation with silver carbonate and evaporation gave a syrup 
(3-8 g.), from which by distillation at 180—190° (bath temp.) /0-04 mm. a fraction (1-8 g.) was 
obtained, [a]}7" + 77° in water (c, 0-4), mj” 1-4690 (Found: OMe, 30-4. Calc. for C,H,,0, : 
OMe, 29°8%). This mixture of monomethyl methylglucosides was hydrolysed with 5% hydro- 
chloric acid at 100° until the rotation had fallen to a constant value (2-5 hours), and the sugars 
were isolated as a clear syrup (1-1 g.) in the usual way. [a«]}”° + 57° in water (c, 0-5) (Found : 
OMe, 15-7. Calc. for C;,H,,0,: OMe, 16-0%). 

Isolation of 2- Methyl Glucosephenylhydrazone. —The above syrup (0-5 g.) was mixed with 
water (0-2 c.c.), phenylhydrazine (1-0 g.), and acetic acid (0-05 c.c.) and kept at 0° for 3 days. 
The white crystals of the phenylhydrazone produced were removed, and addition of dry ether 
to the filtrate caused the separation of a further crop. Yield, 0-22 g.; m. p. 177°. After 
recrystallisation from alcohol the product had [a]}7’ —11° in pyridine (c, 0-9), and m. p. 179°, 
unchanged on admixture with an authentic specimen prepared from 2-methy] glucose dibenzyl- 
mercaptal. This experiment was twice repeated (Found: C, 54-6; H, 7:3; OMe, 10-6; N, 
9-7. Calc. for Cys;H,,O;N,: C, 54-9; H, 7-1; OMe, 10-9; N, 9-85%). 

Osazone Formation. The Isolation of Glucosazone and 3-Methyl Glucosazone.—Another 
specimen of the mixed methyl glucoses (1-0 g.; OMe, 155%) prepared as above was subjected 
to osazone formation in the usual way. The crude osazone (0-35 g.) had OMe, 4:2%. Re- 
crystallisation from alcohol gave glucosazone, m. p. 200°, unchanged on admixture with an 
authentic specimen (OMe, nil). A further quantity of the crude osazone (0-8 g.; OMe, 4%) 
was extracted with chloroform for 4 minutes at 60° and at room temperature for 12 hours. The 
undissolved material (0-45 g.) was chiefly glucosazone and one recrystallisation from alcohol 
was sufficient to purify it. The solution was treated with light petroleum (b. p. 60—80°) and 
after filtration of the product (I) (0-12 g.) a further quantity (II) (0-1 g.) was deposited over- 
night. The filtrate was evaporated to yield a reddish gum (IIT) (0-01 g.). 

OMe, %. M. p. 

73 169—172° 

7-9 169—172 

76 —_ 
Both (I) and (II) were recrystallised from alcohol and water to give a pale yellow osazone, m. p. 
177—178°, which had m. p. 160° on admixture with authentic 6-methyl glucosazone (m. p. 
182—183°) and 177° on admixture with authentic 3-methyl glucosazone (m. p. 177—178°) 
(Found: C, 61-0; H, 6-5; OMe, 7-9; N, 14-9. Calc. for C,,H,,O,N,: C, 61-3; H, 6-5; OMe, 
8-3; N, 15-0%). It thus appears that the crude osazone is a mixture of 3-methyl glucosazone 
and glucosazone, the latter having been derived from the 2-methyl glucose in the mixture. 
These results were twice confirmed. 

Thanks are expressed to the Carnegie Trust for the award of a Teaching Fellowship to one of 
us (E. G. V. P.) and to the Earl of Moray Endowment and Imperial Chemical Industries Ltd. 
for grants. 

Kinc’s BurLpincs, UNIVERSITY OF EDINBURGH. [Received, January 13th, 1939.} 





52. Studies in the Sterol Group. Part XXXIX. The Structures of 
Ergosterol, Lwmisterol, Pyrocalciferol, and isoPyrocalciferol. 
By T. KENNEDy and F. S. Sprinc. 


Pyrocalciferyl acetate yields a “ pinacol”’ diacetate on irradiation with sunlight 
in the presence of eosin—a reaction also observed with ergosterol, dehydroergosterol, 
and dehydrolumisteryl acetate, but not with lumisterol or isopyrocalciferyl acetate. 
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It is concluded that a positive ‘‘ pinacol”’ reaction in the ergosterol series indicates 
a tvans-orientation of the methyl group attached to C,, and the hydrogen attached 
to C,, and that lumisterol, the primary photoisomeride of ergosterol (I), differs from 
the latter solely in the orientation around Cp. 


In Part XXXVII (Heilbron, Kennedy, Spring, and Swain, J., 1938, 869) it has been 
shown that the four stereoisomers ergosterol, lumisterol, pyrocalciferol, and isopyro- 
calciferol may be represented as the four theoretically possible isomers of (I), in which 
the stereovariants are C, and Cy, and not as the four isomers in which C, and Cy, are the 
stereovariants. A possibility which has not been excluded is that in which Cs, Cy, and 
Cy) are all variable centres of asymmetry; the orientation of each of these centres in 
ergosterol being arbitrarily indicated by +, the following representations are in agreement 
with the established chemical relationships : 
Ge" Gx  “e 


Ergosterol + + 
isoPyrocalciferol 4 } + Dehydroergosterol + + 


emery ae £0) 2) ip \> Dehydrolumisterol — — 
There is no evidence available to indicate whether the orientation around Cy in lumisterol 
is the same as or different from that in ergosterol. These configurations account for the 
formation of dehydroergosterol (II) from either ergosterol or tsopyrocalciferol and of 
dehydrolumisterol (II) from either lumisterol or pyrocalciferol (Windaus and Dimroth, 


HMe-CH:CH-CHMe:CHMe, Hy, Hy, 
Me 
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Ber., 1937, 70, 376; Heilbron, Spring, and Stewart, J., 1935, 1221). Furthermore, e7- 
lumisterol would be represented by [C, +; Cy +(?); ee —] and thus differs from either 
ergosterol or isopyrocalciferol, a fact established by Heilbron, Kennedy, Spring, and 
Swain (loc. cit.). 

The relationship of the four stereoisomers has been defined more closely by a study 
of “‘ pinacol” formation in the ergosterol series. By irradiation of an alcoholic solution 
of ergosterol and eosin with sunlight in the absence of oxygen, Windaus and Borgeaud 
(Annalen, 1928, 460, 235) obtained a sparingly soluble bimolecular oxidation product, 
“ergopinacol.” The structure of “‘ ergopinacol’’ has not been established; it is not a 
true pinacol, since it is completely resistant to lead tetra-acetate * and it readily forms 
a diacetate which in its turn is easily hydrolysed. A possible constitution for ‘ ergo- 
pinacol”’ has been suggested by Inhoffen (Naturwiss., 1937, 25,125). On thermal degrad- 
ation ‘‘ ergopinacol ’’ evolves methane and gives meoergosterol (III) (Inhoffen, Annalen, 
1932, 497, 130; Bonstedt, Z. physiol. Chem., 1929, 185, 165; Honigmann, Amnalen, 
1934, 511, 292) in which ring B is aromatic, the two asymmetric centres Cy and Cy, being 
thereby removed. Lumisterol, in contrast to ergosterol, will not undergo photochemical 
oxidation to give a “‘ pinacol ”’ (Dimroth, Ber., 1936, 69, 1123), an observation which we 
have confirmed. Furthermore, it has been shown that dehydrolumisteryl acetate (Dimroth, 
loc. cit.) and dehydroergosterol (Windaus and Linsert, Annalen, 1928, 465, 148) both readily 
yield bimolecular ‘ pinacol”’ derivatives, the velocity of reaction in both cases being 
greater than in that of ergosterol. These facts strongly suggest that C, is the determining 
factor in “ pinacol’”’ formation. In order to test this theory, pyrocalciferyl and iso- 
pyrocalciferyl acetates have now been subjected to the “ pinacol ”’ reaction. If “‘ pinacol” 
formation is governed by the orientation around Cg, since isopyrocalciferol differs from 


* This observation was made in these laboratories by Dr. K. M. Samant in 1933 in an attempt to 
prepare the then unknown ergostatrienone. 
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ergosterol solely in the orientation of this centre, it should not give a “ pinacol.” This we 
find to be the case, isopyrocalciferyl acetate being unaffected by long irradiation with 
sunlight in the presence of eosin and absence of oxygen, there being no observable decolor- 
ation of the solution. In the second place, since lumisterol and pyrocalciferol differ solely 
in the orientation around C, and since the former does not give a “ pinacol,”’ the latter 
should do so. We find that pyrocalciferyl acetate * readily yields a ‘‘ pimacol”’ diacetate, 
m. p. 196°, [«]?°" — 80°. Pyrolysis of this ‘‘ pinacol ” diacetate yields neoergosteryl acetate 
identical with that directly obtained from “‘ ergopinacol”’ diacetate. Thus a new experi- 
mental link has been forged between the two pairs ergosterol-isopyrocalciferol on the one 
hand and lumisterol—pyrocalciferol on the other. It can now be concluded with a con- 
siderably higher degree of probability than heretofore that during the photochemical 


changes 


ergosterol —-> lumisterol —-> tachysterol —-> calciferol 


the orientation of the hydroxyl group remains unaltered. Whilst it was conceivable that, 
during the pyrolysis of calciferol, partial epimerisation at C, occurred with formation of 
pyrocalciferol, this is now highly improbable, since such an assumption would necessitate 
that, during the pyrolysis of pyrocalciferol “ pinacol ” diacetate, epimerisation of the same 
centre occurs in the reverse sense. 

A consideration of “‘ pinacol’’ formation now allows of a decision to be made con- 
cerning the relative orientation of C, in ergosterol and lumisterol. The inability of lumi- 
sterol (I) to form a pinacol, together with the positive ‘‘ pinacol”’ reaction of ergosterol 
(I) and the two dehydrosterols dehydrolumisterol and dehydroergosterol (II) in which 
the steric effect of the C,-hydrogen has been removed, suggests that the C,)-methyl group 
and the C,-hydrogen atom are cis-oriented in lumisterol and érans-oriented in ergosterol. 
This conclusion requires that these centres be cis-oriented in isopyrocalciferol and trans- 
oriented in pyrocalciferol, these representations being completely in harmony with the 
established chemical relationships and the “ pinacol’’ rule. Employing for ergosterol 
a cis-configuration for the C,-hydroxyl group relative to the C,>-methyl group, we arrive at 
the following configurations : 
Pinacol 
formation. ° . C,. Cy. Cree 


+ = i ee + } -> Dehydroergosterol + 


Pyrocaleiterol 1. + }>Dehydrolumisterol + 


oy wae ore: 


Ergosterol. a oe 
CoH, 


Lumisterol. Dehydrolumisterol. 


* Using pyrocalciferol, Dimroth (loc. cit.) failed to observe “‘ pinacol”’ formation. This result is 
probably due to the relatively great solubility of the free “ pinacol.” 
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EXPERIMENTAL. 


Pyrocalciferol ‘‘ Pinacol” Diacetate—Pyrocalciferyl dinitrobenzoate was prepared by 
Busse’s method (Z. physiol. Chem., 1933, 214, 211) and had m. p. 170—171°, [a]}” + 194° 
(} = 1, c = 0-1 in chloroform). Hydrolysis of the ester gave pyrocalciferol, m. p. 94—95°, 
[u}%" + 508° (1 = 1, c = 0-03 in alcohol), acetylation of which gave pyrocalciferyl acetate, 
m. p. 81—82°, [a]? + 407° (1 = 1,c = 0-09 in chloroform). A solution of pyrocalciferyl acetate 
(1-4 g.) and eosin (1-4 g.) in alcohol (110 c.c.) was boiled to expel the air, and the flask sealed 
while hot. After 3 days’ exposure to sunlight, a crystalline mass had separated. The irradi- 
ation was continued with intermittent shaking for 2 weeks; the colour of the solution had then 
considerably diminished. The separated mass was collected and crystallised from alcohol, 
from which pyrocalciferol ‘‘ pinacol’”’ diacetate separated in long needles, m. p. 196°, [«]}” — 80° 
(i = 1, c = 0-06 in chloroform) (yield, 10%) (Found: C, 82-0; H, 10-4. Cg ,H,.O, requires 
C, 82:3; H, 10-4%). 

neoErgosteryl Acetate.—Pyrocalciferol ‘‘ pinacol”’ diacetate (120 mg.) was heated for 2 
hours at 180—190°/0-1mm. The pressure was then reduced to 0-0001 mm., and the temperature 
maintained at 180—190°. The distillate was crystallised from acetone, from which neo- 
ergosteryl acetate separated in needles, m. p. 121—122° (Found: C, 82-4; H, 9-8. Calc. for 
Cy9Hy,0,: C, 82°35; H, 10-05%). No depression of the m. p. occurred when this specimen 
was mixed with authentic neoergosteryl acetate prepared in the same manner from “ ergo- 
pinacol ”’ diacetate. 

THE UNIVERSITY, MANCHESTER. [Received, December 10th, 1938.]} 





53. Some Guanyl- and Guanido-naphthalenes. Group 
Migration in Cyanonaphthalenes. 


By Harotp Kine and E. V. WRIGHT. 


A new class of trypanocidal agents was described by King, Lourie, and Yorke (Lancet, 
1937, ii, 1360). The most active representatives were aliphatic long straight-chain 
diguanidines or diamidines. The present paper records some incidental observations 
which have been made during the preparation of diamidines and diguanidines in 
which the aliphatic chain has been replaced by a naphthalene nucleus. On the 
biological side it has been found that such alteration of the carrier of the polar groups 
does not greatly modify the trypanocidal activity. Furthermore, the aliphatic 
straight chains can also be replaced by cyclic hydroaromatic structures. On the 
chemical side, migration of cyano-groups from the B- to the «-position has been 
observed in the mild pyrogenic preparation of dicyanonaphthalenes. 


IT was shown by King, Lourie, and Yorke (loc. cit.; Ann. Trop. Med. Parasit., 1938, 
32, 177) that a marked trypanocidal action is exhibited by aliphatic diguanidines, di- 
isothioureas and diamidines of a certain molecular size, maximum activity being shown by 
undecanediamidine, NH,°C(°NH)-[CH,],,°C(-NH)-NH,. The most favourable require- 
ments for trypanocidal activity seemed to be a central carbon chain of about 10 to 12 carbon 
atoms with terminal strongly basic, polar groups. The present communication records the 
synthesis of allied compounds in which the aliphatic chain is replaced by a naphthalene 
nucleus. 

In the preparation of naphthylenediamidines (diguanylnaphthalenes) the necessary 
intermediates are dicyanonaphthalenes, and during the preparation of 2 : 7-dicyanonaph- 
thalene by distillation of potassium 2-cyanonaphthalene-7-sulphonate with potassium 
cyanide the formation of a by-product, 1 : 7-dicyanonaphthalene, was observed. The 
same two cyanonaphthalenes were formed when sodium naphthalene-2 : 7-disulphonate 
was used, so in both cases a partial migration of the cyano-group from the 2- to the 
1-position takes place. 

An exactly analogous reaction takes place when sodium 2-cyanonaphthalene-6-sulphon- 
ate is distilled with potassium cyanide. The distillate is mainly 2 : 6-dicyanonaphthalene 
mixed with a small proportion of 2: 5-dicyanonaphthalene. Migration thus takes the 
same course as was found previously, the cyano-group tending to move to the 1-position, 
which, at the temperatures involved, is presumably the more stable position. 

s 
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2:6- and 2:7-Dicyanonaphthalenes gave 2:6- and 2: 7-naphthylenediamidines in 
the usual way via the imino-ethers; the sparing solubility of the dicyanonaphthalenes 
raised experimental difficulties which were overcome by use of dioxan as the solvent for 
the preparation of the imino-ethers. It is known that l-cyanonaphthalenes cannot be 
converted into amidines and in agreement 1: 7-dicyanonaphthalene gave the hydro- 
chloride of 1-naphthonitrile-7-amidine (I). Although l-amidines were unobtainable, the 
corresponding guanidines could be made. Thus 1 : 5-naphthylenediamine dihydrochloride, 
treated repeatedly with cyanamide, gave 1 : 5-diguanidonaphthalene (II), isolated as the 
dinitrate. Under similar conditions 2: 7-naphthylenediamine dihydrochloride gave 2 : 7- 


NH:C(‘-NH)-NH, CNH 


NH-C(:NH)-NH, 
(II.) (III.) 


diguanidonaphthalene dinitrate and 7-guanido-2-naphthylamine nitrate. On the other hand 
1 : 8-naphthylenediamine dihydrochloride with cyanamide gave aminoperimidine hydro- 
chloride (III), previously obtained by Sachs (Amnalen, 1909, 365, 143) by heating 1 : 8- 
naphthylenediamine with ammonium thiocyanate to 160°. 

In our experience complete conversion of the second amino-group in aromatic diamines 
into the guanidine group is often difficult, repeated treatment with a large excess of 
cyanamide being necessary. 4:4’-Diaminoazobenzene dihydrochloride, for instance, 
treated with 30 molecular proportions of cyanamide, gave only the nitrate of 4-guanido- 
4’-aminoazobenzene (IV). Wheeler’s excellent method (Amer. Chem. J., 1903, 29, 478) 
for the preparation of guanidines by the action of methylisothiourea hydriodide on an amine 
applies only to aliphatic amines, with a few exceptions. It was successfully used for the 
conversion of 4: 4’-dipiperidyl into 1 : 1’-diguanyl-4 : 4'-dipiperidyl dihydrochloride (V), 
but in the case of 2 : 4’-dipiperidyl, only a monoguany] derivative, presumably 1’-guanyl- 
2: 4'-dipiperidyl dihydriodide (V1), was obtained. 


Hy-CHy yc NH CH,CHw y.--NH 
CH<¢H CH. ‘ H<CH;-CHON aay 
2HI 


| 2HCl 
NH . HyCH, wy. mee, | CH,-CH 
NC __NHCR yy HH CHOON CNH H<yH-CH, Cs 
(IV.) ’ (V.) ’ (VI) 


We are indebted to Professor Warrington Yorke and Dr. E. M. Lourie of the Liverpool 
School of Tropical Medicine for testing these amidines and guanidines for trypanocidal 
action. As the table shows, the methylene chain of the aliphatic compounds can be 
replaced by the aromatic naphthalene nucleus with retention of activity. 

Trypanocidal Therapeutic effect 
Substance. titre in vitro. Toxicity.* in infected mice. 


1 : 5-Diguanidonaphthalene dinitrate 64/256,000 e 5 Nil 
2:7- ’ Curative 


Aminoperimidine hydrochloride , 


Nil 
4 6-Naphthylenediamidine dihydrochloride ,000, . Considerable 
: 7- ; ° . Curative 


:- Naphthonitrile-7-amidine hydrochloride 000 . Nil 

1: 1’- ee -4 : 4’-dipiperidyl dihydrochloride x ° Slight 

1 “Guanyl-2 : 4’-dipiperidyl dihydriodide . il 
* M.L.D. in mg. per 20 g. mouse. 


EXPERIMENTAL. 


Potassium 2-Cyanonaphthalene-7-sulphonate.—A solution of sodium 2-naphthylamine-7- 
sulphonate (12-3 g.) and sodium nitrite (3-8 g.) in water (320 c.c.) was run into a stirred solution 
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of ice-cold sulphuric acid (90 c.c.; 20%). The solid crystalline diazo-sulphonate was collected 
and, whilst still damp, added in small portions during 30 minutes to a solution kept at 50—60°, 
prepared from copper sulphate (25 g.), potassium cyanide (32 g.), and water (150 c.c.). When 
cold, the solution was acidified, and the cuprous cyanide removed and extracted with hot 
water, which was added to the main filtrate. On concentration potassium 2-cyanonaphthalene- 
7-sulphonate crystallised. It was soluble in 1-4 parts of boiling water and crystallised in golden- 
brown plates or rhombs (Found: Loss at 120°, 13-6, 13-2. C,,H,O,;NSK,2}H,O requires 
H,O, 14:2%. Found for the dried solid: K, 14:2. C,,H,O,;NSK requires K, 144%). 

Preparation of 1: 7- and 2: 7-Dicyanonaphthalenes.—(a) From potassium 2-cyanonaphthalene- 
7-sulphonate. A mixture of the potassium salt (8-3 g.) and potassium cyanide (12 g.) was heated 
in a stream of carbon dioxide until no more solid sublimed. The crude dinitrile (1-6 g.), 
crystallised from glacial acetic acid (23 c.c.), gave pure 2 : 7-dicyanonaphthalene (0-7 g.), m. p. 
268°. The mother-liquors contained a much more soluble solid, which on crystallisation 
from alcohol gave 1: 7-dicyanonaphthalene, m. p. 158—159°, identical with an authentic 
specimen (see below). 

(b) From sodium naphthalene-2 : 7-disulphonate. This salt in 2-5 g. batches was mixed with 
potassium cyanide (3-75 g.) and heated as described under (a). The sublimate (1-6 g. from 
12-5 g. of sodium salt) was crystallised from glacial acetic acid (20 c.c.) and gave 2 : 7-dicyano- 
naphthalene, m. p. 268° (yield, 22%). The mother-liquors deposited a more soluble solid 
(0-4 g.), m. p. 144—147°, which on sublimation and crystallisation from alcohol gave 1: 7- 
dicyanonaphthalene, m. p. 158—159° (Found: C, 81-0; H, 3-4; N, 15°8. Calc.: C, 80-9; 
H, 3-4; N, 15:7%). This dinitrile was identical with an authentic specimen prepared from 
sodium 2-cyanonaphthalene-8-sulphonate (see below). 

1: 7-Dicyanonaphthalene from sodium 2-cyanonaphthalene-8-sulphonate. The salt was 
prepared in 82% yield from sodium 2-naphthylamine-8-sulphonate (Bradbrook and Linstead, 
J., 1936, 1739). By distillation with potassium cyanide in a current of carbon dioxide, it (10 g.) 
gave 1 : 7-dicyanonaphthalene (1-9 g.), m. p. 158°. On sublimation in a high vacuum and sub- 
sequent crystallisation from alcohol the m. p. was raised to 161—162° and was unchanged 
on repeated crystallisation. Kruber and Shade (Ber., 1936, 69, 1727) give m. p. 152—154°; 
Bradbrook and Linstead give 167°.* 

2: 7-Naphthylenediamidine Dihydrochloride.—2:7-Dicyanonaphthalene (3-6 g.) was dis- 
solved in boiling dioxan (80 c.c.). To the cooled solution, which had partly crystallised, 
absolute ethyl alcohol (3-7 g.; 4 mols.) was added, and the mixture then saturated at 0—5° 
with hydrogen chloride. The mixture was kept for 14 days at 0° and, after removal of the 
excess of hydrogen chloride by pumping, the fine needles of the imino-ether hydrochloride 
were collected, quickly transferred to a pressure bottle, treated with saturated ethyl-alcoholic 
ammonia (150 c.c.), and heated at 40—50° for 8 hours. When cold, some diamidine dihydro- 
chloride and ammonium chloride had separated. [It is preferable not to collect the solid 
at this stage, but to pump off the ammonia and transfer the contents of the bottle to a flask, 
remove all solvent, and crystallise the residue from boiling water (60 c.c.).] The yield of 2: 7- 
naphthylenediamidine dihydrochloride, which crystallised in needles and was unmelted at 290°, 
was 97% (Found: Loss at 100°, 6-0. C,,H,.N,,2HCI,H,O requires H,O, 6-0%. Found 
for dried material: Cl, 24-4. C,,.H,.N,,2HCl requires Cl, 24-9%). 

2: 7-Diguanidonaphthalene Dinitrate.—2:7-Naphthylenediamine dihydrochloride (2-3 g.) 
in absolute ethyl alcohol (30 c.c.) was refluxed for 7 hours with cyanamide (10 mols.). As the 
diazo-reaction of a sample was still strongly positive, boiling was continued for a further 14 
hours with addition of cyanamide (20 mols. in all) at intervals of 34 hours. The solvent was 
removed, and the residue dissolved in water and precipitated with ammonium nitrate. The 
crystalline precipitate was recrystallised from water and separated in two forms, plates and 
needles. These were separated by fractional crystallisation, the plates being the less soluble. 
The plates (0-26 g.), m. p. 251—252°, proved to be 7-guanido-2-naphthylamine nitrate (Found : 
C, 50:0; H, 4:9. C,,H,.N,,HNO, requires C, 50-2; H, 50%). This salt is soluble in 35 parts 
of boiling water and crystallises in rhomb-shaped plates. Its diazo-solution has a yellow 
colour and couples with alkaline 6-naphthol, forming a purple precipitate. The needles (1-12 
g.), m. p. 209°, proved to be 2: 7-diguanidonaphthalene dinitrate (Found: C, 37-0, 36:9; H, 
4-9, 4-9; N, 29:0. C,,H,,N,,2HNO,;,H,O requires C, 37-3; H, 4:7; N, 29-0%). 

Preparation of 1:6- and 2: 6-Dicyanonaphthalenes from Sodium 2-Cyanonaphthalene-6- 
sulphonate.—A mixture of the sulphonate (Bradbrook and Linstead, Joc. cit.) (10 g.) and potas- 

* Professor Linstead kindly supplied a specimen of this dinitrile and we confirm the m. p. given 
by him. 
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sium cyanide (15 g.) was heated so long as a sublimate was formed; yield, 2-3g. This crystallised 
from glacial acetic acid (160 c.c.) in long needles of 2 : 6-dicyanonaphthalenc, m. p. 294—297°. 
The mother-liquor on concentration gave a much more soluble substance (0-3 g.), m. p. 205— 
207°, which was proved to be 1 : 6-dicyanonaphthalene by direct comparison with a specimen, 
m. p. 205—207°, prepared from pure sodium naphthalene-1 : 6-disulphonate. Weissgerber 
and Kruber (Ber., 1919, 52, 345) give m. p. 208—210°; Bradbrook and Linstead give m. p. 211°. 

2: 6-Naphthylenediamidine Dihydrochloride.—2 : 6-Dicyanonaphthalene (1-7 g.) was boiled 
with dioxan (50 c.c.), absolute ethyl alcohol added (1-84 g.; 4 mols.), and the solution, con- 
taining a suspension of crystals, saturated with hydrogen chloride at 0° and kept in a sealed 
vessel for 14 days. The hydrogen chloride was then pumped off, and the crystals of the imino- 
ether hydrochloride were collected and heated at 40—50° with saturated alcoholic ammonia 
for 8 hours in a pressure bottle. The ammonia and solvent were removed, and the residue boiled 
with water and filtered from unchanged dicyanonaphkthalene (0-6 g.). The filtrate deposited 
long needles of 2 : 6-naphthylenediamidine dihydrochloride (1-0 g.), unmelted at 300° (Found : 
Cl, 24-4. C,,H,,N,,2HCl requires Cl, 24-9%). 

1 : 5-Diguanidonaphthalene Dinitrate (I11).—1: 5-Naphthylenediamine dihydrochloride (3-5 
g.) was digested for 6 hours with cyanamide (6-7 g.; 10 mols.) in boiling ethyl alcohol (50 c.c.), 
and again for 12 hours after addition of a further quantity (7-0 g.) of cyanamide. The solvent 
was removed, the residue dissolved in water, and ammonium nitrate added in excess. The 
crude mixture of nitrates was extracted by grinding with cold water to remove material giving 
a diazo-reaction. The residue, crystallised from water, gave 1: 5-diguanidonaphthalene di- 
nitrate (0-5 g.) in clusters of microscopic rods or prisms, unmelted at 300° (Found: C, 39-2; 
H, 4-5; N, 30-5. C,,H,gO,N, requires C, 39-1; H, 4-4; N, 30-4%). 

Aminoperimidine Hydrochloride (III).—1: 8-Naphthylenediamine dihydrochloride (3-1 g.) 
was refluxed with cyanamide (6 g.) in absolute ethyl alcohol (50 c.c.) for 10 hours. The alcohol 
was distilled from the dark solution, and the residue crystallised from water. Aminoperimidine 
hydrochloride separated in long rods (Found: Loss at 100° in a high vacuum, 6-8. Calc. 
for C,,H,N;,HCI,H,O: H,O, 7-6%. Found for dried material: C, 59-6; H, 4-7; N, 19-2; 
Cl, 16-0. Calc. for C,,H,N;,HCl: C, 60-1; H, 4:6; N, 19-1; Cl, 16-1%). 

1 : 5-Dicyanonaphthalene.—Sodium naphthalene-1 : 5-disulphonate (10 g.), dry-distilled with 
potassium cyanide (15 g.), gave 1: 5-dicyanonaphthalene (2-7 g.), m. p. 265° after crystallis- 
ation from alcohol. Attempts to convert this substance into the iminoethyl ether were 
unsuccessful in dioxan or benzene, the dinitrile being recovered unchanged. 

1-Naphthonitrile-7-amidine Hydrochloride.—1 : 7-Dicyanonaphthalene (1-2 g.) was dissolved 
in boiling dioxan (10 c.c.), and the solution cooled, mixed with absolute ethyl alcohol (1-25 g.; 
4 mols.), and saturated with hydrogen chloride at 0°. After 10 days, the excess of hydrogen 
chloride was pumped off, and the crystalline mass collected and treated with saturated alcoholic 
ammonia (80 c.c.) in a pressure bottle at 40—50° for 8 hours. The ammonia was pumped off, 
the solvent removed by distillation, and the residue crystallised from water. 1-Naphthonitrile- 
7-amidine hydrochloride separated in long silky needles (0-65 g.), m. p. 296—297° (Found: Cl, 
15-1. C,,H,N;,HCl requires Cl, 15-3%). 

4-Guanido-4'-aminoazobenzene Nitrate ——4:4'-Diaminoazobenzene dihydrochloride (2-85 
g.) was boiled in alcoholic solution (30 c.c.) with cyanamide (4-2 g.) for 8 hours, and a further 
8-4 g. of cyanamide added in 2-1 g. portions every four hours. The solvent was removed, and 
the residue taken up in a little water and precipitated with solid ammonium nitrate. The 
crude nitrate, crystallised four times from water, gave 4-guanido-4'-aminoazobenzene nitrate in 
yellow needles (0-8 g.), m. p. 257° (decomp.). Further quantities were obtained from the 
mother-liquors (Found: C, 49-7, 49-8; H, 4-6, 4-6; N, 31-9, 32-0. C,,H,,N,,HNO, requires 
C, 49-2; H, 4-8; N, 30-9%). This salt dissolves in excess of dilute mineral acids with an intense 
cherry-red colour. Careful examination of the mother-liquor failed to reveal the presence 
of any homogeneoys material which gave no diazo-reaction. 

1: 1’-Diguanyl-4 : 4'-dipiperidyl Dihydrochloride (V).—Dipiperidyl (1-68 g.) containing some 
carbonate was dissolved in water (25 c.c.), methylisothiourea hydriodide (4-4 g.) added, and 
the mixture warmed to 50°. As there was no reaction, N-sodium hydroxide (20 c.c.) was added, 
and the temperature gradually raised until methylthiol was evolved at about 80°. After 30 
minutes at this temperature the solution was concentrated to one-half its volume; on keeping, 
1 : 1’-diguanyl-4 : 4’-dipiperidyl dihydriodide separated in large crystals (2-05 g.). Without 
further characterisation, it was converted by moist silver chloride into the dihydrochloride, 
which crystallised from water in elongated glassy tablets (0-9 g.), m. p. 361° (efferv.) (Found : 
C, 39-6, 39-4; H, 8-4, 8-4; N, 23-8, 23-9; Cl, 19-7, 19-6. C,,H,,N,,2HCI1,2H,O requires C, 
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39-9; H, 84; N, 23-3; Cl, 196%). The original mother-liquors on further concentration J 
gave an oily layer which slowly crystallised. On crystallisation from 2-7 parts of hot water, 
monoguanyl-4 : 4'-dipiperidyl hydriodide separated in bold prisms, m. p. 136—137°, raised by 
drying at 100° to 166° (Found: C, 37-1, 37-2; H, 6-9, 7-0; N, 15-5, 15-3. C,,H,.N,,HI,H,O 
requires C, 37-1; H, 7-1; N, 15-7%). 
1’-Guanyl-2 : 4'-dipiperidyl Dihydriodide (V1).—2: 4’-Dipiperidyl (Evans and Parkes, /. 
Soc. Chem. Ind., 1938, 57, 303) (1-68 g.) in water (25 c.c.) was treated with methylisothiourea 
hydriodide (4-36 g.; 2 mols.). Reaction took place when the temperature reached 80° and was 
complete after 30 minutes. When the solution was concentrated to a very small volume, 
1’-guanyl-2 : 4'-dipiperidyl dihydriodide crystallised in plates (1-73 g.). For analysis the salt 
was recrystallised from a small volume of water (Found: C, 27-1, 27-0; H, 5-0, 5-1; N, 11°8, 
11-8. C,,H,.N,,2HI,H,O requires C, 27:3; H, 5-4; N, 116%). It melted indefinitely at 
about 123°. There was no evidence for the formation of a disubstituted derivative. 















We are indebted to the Clayton Aniline Co., Manchester, for generous gifts of several 
naphthalene compounds which greatly facilitated this work. 
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54. The Metallic Derivatives of Hydrazones and of the Oxime- 
Hydrazones of Benzil. H 





By T. W. J. TAytor, (Mrs.) N. H. CALLow, and C. R. W. FRANCIS. 





This paper describes experiments on the formation of metallic complexes, containing 
metals such as iron and nickel, by organic compounds which contain the hydrazone 
group, —C:N-NH,. Several such complexes are described, and it is shown that stereo- 
chemical configuration plays a part in complex formation in the hydrazones just as 
it does in the oximes. The hydrazone complexes are, however, profoundly different from 
the oxime complexes and are much more difficult to purify; consequently, it is 
impossible to argue on any analogy to the oxime complexes, and the stereochemical 
deductions which it was hoped to make concerning the configurations of the hydrazones 
are of little value. 





OL ESE AA he PRN nest marek tege ne 










THE chance observation that benzilmonohydrazone, COPh-CPh:N-NHeg, reacts in alcoholic 
solution with nickel acetate to give a dark reddish, insoluble complex containing nickel 
has led to experiments undertaken in the hope that metallic-complex formation would 
throw light on the stereochemical configurations of the hydrazones. For few types of 
hydrazones are methods known whereby configurations can be assigned with any certainty 
(see, e.g., Busch, Friedenberger, and Tischbein, Ber., 1924, 57, 1785; Hieber and Sonnenkalb, 
Annalen, 1927, 456, 86). The stereochemical configurations of certain classes of oxime 
have been found to be connected with their ability to form co-ordination complexes (for 
references see Taylor and Baker, “‘ The Organic Chemistry of Nitrogen,”’ 1937, pp. 193 
et seq.) and it was thought that, with this knowledge, the behaviour of the hydrazone 
complexes might lead to the information desired. This hope has been frustrated by the 
fact that most of the hydrazone complexes obtained are considerably less stable than the 
oxime complexes and that no satisfactory method for their purification could be devised ; 
they separate as intractable, fine precipitates, and only one complex could be obtained 
crystalline. 

The Benzilmonohydrazone Complex.—Benzilmonohydrazone reacts with nickel acetate 
in a variety of solvents to give a red complex which separates slowly ; the yield is higher if 
ammonia is added or if pyridine is used as solvent, and this, coupled with the fact that no 
complex is obtained when nickel chloride is used instead of the acetate unless ammonia 
is also added, indicates that replacement of a hydrogen atom is involved in complex 
formation. This view is strengthened by indications that a complex is formed with benzil- 
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monophenylhydrazone, although it could not be isolated, but there are no such indications 
with benzilmonophenylmethylhydrazone (COPh-CPh:N-NMePh), in which both hydrogen 
atoms are replaced by hydrocarbon radicals. The colour change when sodium ethoxide 
is added to an alcoholic solution of the monohydrazone also indicates that the hydrazone 
can behave as a weak acid, since it is very much like the colour change caused by adding 
alkali to «-benzilmonoxime. 

The monohydrazone complex is slightly soluble in benzene to give a dark red-brown 
solution. Hence it is almost certainly not a salt and does not contain the metal as a complex 
ion. It is probable that the nickel atom is held by two covalencies and two co-ordinate 
links, as in the majority of its metallic complexes. The nickel content of this complex 
varied between 10-34% and 15-10% without any marked difference in the appearance or 
properties of the samples. Those of lower nickel coptent almost correspond in composition 
to a complex R,Ni (R = COPh:CPh:N-NH-), but the analyses of the majority of the 
preparations approximate fairly closely to the unexpected formula R,Ni,, and the compos- 
ition scarcely changes when they are rapidly precipitated from benzene solution or are 
washed with solvents.. This complex is only slowly attacked by hydrogen sulphide and 
not at all by potassium cyanide, but it is decomposed by nitric acid to give either benzil 
or benzoylphenylketazine (COPh:CPh:N-N:CPh-COPh) according to the conditions; 
both of these compounds are formed from the original hydrazone by the action of mineral 
acids. The benzene solution of the hydrazone complex decomposes slowly, particularly 
in air, and the product has a higher nickel content. 

The “‘ Azine Complex.’’—A peculiar reaction takes place when the nickel complex of 
benzilmonohydrazone is prepared in boiling acetone solution. If the insoluble precipitate 
is removed, a small quantity of a new complex (here called the “‘ azine complex ’’) separates 
in red needles on cooling. This is a stable and definite substance. Its composition and 
molecular weight are in agreement with the formula C,,H,,0,N,Ni, which may be built 
up from 2COPh-CPh:N-NH, + (CH,),CO + Ni — H,OQ — 2H. The same complex may 
also be prepared in small yield from nickel acetate, benzilmonohydrazone, and benzil 
acetone azine (COPh:CPh:N-N:CMe,), although the last compound forms no complexes 
under any conditions. A further important point is that the azine complex does 
not react further with acetone even on prolonged treatment. These facts shed some 
light on the constitution of the azine complex and afford a possible explanation of the 
behaviour of the hydrazone complex. The acetone has clearly reacted with the imino (or 
amino)-groups of the hydrazone, but one acetone molecule is sufficient for two hydrazone 
residues present in the azine complex, and after this there is no further reaction. Hence 
the acetone residue must form a kind of bridge between the two hydrazone residues and 
the formula of the azine could be of the type (I), which can also be written as (II). This 
formula implies one of the two possible configurations of the hydrazone group. Similar 
formule but with four-atom rings (III, IV) are possible with the other configuration. 
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Hence the formation of the azine complex does not settle the stereochemical problem 
except in so far as formula (I) or (II) is preferable on general grounds to (III) or (IV). 
The reaction with acetone shows that the hydrazone complex must contain reactive 
imino-groups, and its instability and indeterminate nature may thus be explained. 
Reactions of Other Compounds containing the -CO-CR:N-NH, Group.—Other compounds 
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containing the group *CO-CR:N-NH, form nickel complexes with properties similar to those 
of benzilmonohydrazone, but they are even less stable. tert.-Butylglyoxal can be prepared 
by the oxidation of pinacolone with selenium dioxide. Its monohydrazone forms a complex 
of composition approximating to R,Ni,, but this is decomposed by water with separation 
of nickelous hydroxide. The behaviour of the two geometrically isomeric monohydrazones 
of camphorquinone showed that stereochemical configuration is of importance for complex 
formation ; the «-monohydrazone (m. p. 206°) gives no sign of complex formation under any 
conditions, but the 6-compound (m. p. 102°) gives a red colour with nickel acetate when 
ammonia is added, although no solid complex could be isolated. Hence it would seem 
that the stereochemical configurations of benzilmonohydrazone and of ¢ert.-butylglyoxal- 
hydrazone are the same as those of the ®-hydrazone of camphorquinone. According to 
Forster and Zimmerli (J., 1910, 97, 2156), the configuration of the latter is (V), and if this 
is true, complex formation in these hydrazones must involve the formation of a six-membered 
ring, the nickel atom being presumably attached to the oxygen atom by a co-ordinate link 
and to the nitrogen by a covalent link, replacing hydrogen. This is the opposite to what 
te a 

O N O N>O 
(V.) H,N~ aMe (VI.) 


would be expected, since no complexes are formed by $-benzilmonoxime, which is known, 
from the work of Meisenheimer (Ber., 1921, 54, 3206), and of Pfeiffer and Richarz (Ber., 
1928, 61, 103), to have a configuration corresponding to (V), and all complexes of the 
monoximes are undoubtedly of the type (VI). It would also imply the unstable 
four-membered ring structure (III) for the azine complex. 

Because of the intractable nature of the complexes so far described, the observations 
have been extended to other compounds containing the hydrazone group. Since replace- 
ment of one hydrogen atom of the hydrazone group seems to be necessary for formation 
of the hydrazone complexes, and this may be the reason for their instability, it seemed that 
a compound which contained, in addition to the hydrazone group, another acidic group 
in a suitable spatial position might form stable complexes, and that evidence might be forth- 
coming of the stereochemical configuration of the hydrazone group. Salicylaldoxime, which 
exists in only one form, is known to form stable complexes with certain metals (Ephraim, 
Ber., 1930, 63, 1928 ; 1931, 64, 1215; Brady, J., 1931, 105), the structure of which is known 
both from chemical evidence (Feigl and Bondi, Ber., 1931, 64, 2819) and from X-ray 
investigation of the crystal (Cox, Pinkard, Wardlaw, and Webster, J., 1935, 459; Cox and 
Webster, ibid., p.731). Salicylaldehydehydrazone, of which, again, only one form is known, 
also affords complexes with copper, nickel, cobalt, and ferric iron. They are, however, 
much less stable than the corresponding oxime complexes and are as difficult to separate 
and purify as the benzilhydrazone derivatives. They present no true analogies with the 
complexes of salicylaldoxime, and no trustworthy deduction as to the configuration of the 
hydrazone can be made from their behaviour. It is possible that the differences are due, 
not to a difference in stereochemical configuration, but to the presence in the hydrazone 
molecule of two nitrogen atoms, each of which is capable of uniting with a metal atom 
by a co-ordinate link, so that the complex formed is of the chain type, with many molecules 
linked together through metallic atoms. 

The oxime-hydrazones of benzil gave more definite results, leading to useful deductions 
about the configurations. There should be four geometrical isomerides, but only one 


CPh——CPh CPh———CPh  (Ph——(CPh CPh——CPh 
OH:N N-NH, N-OH NH,'N N-OH N:-NH, OH'N NH,'N 
(VIL) (VIIL.) (IX.) (X.) 
has been described, viz., that obtained by Forster and Dey (J., 1912, 101, 2234) and by 
Darapsky and Spannaegel (J. p7. Chem., 1915, 92, 289) from $-benzilmonoxime. If the 


configuration of the oxime group has not changed, the configuration of this oxime-hydrazone, 
which. we call the 8-compound, must be (VIII) or ([X).. Contrary to Forster and Dey, 
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we find that «-benzilmonoxime forms a new and less soluble oxime-hydrazone, which we 
call the «-oxime-hydrazone. No other oxime-hydrazones could be prepared. There is 
an obvious analogy between the oxime-hydrazones and the dioximes 

CPh—CP h of benzil; in the latter class the amphi-compound is the least stable, 
O<N N-NH, so that the two missing oxime-hydrazones are very probably the 
H atin as OH amphi-compounds (IX) and (X), and on this view the two known 

2 a. 2 compounds, « and 8, have the configurations (VII) and (VIII), 

NH, +O respectively. The physical properties of the two oxime-hydrazones 

CPh—CPh Support this conclusion because they differ just as do the «- and 
(XI) 8-dioximes. Now, the last two compounds differ sharply in their 
behaviour towards the salts of the transitional metals; the 6-dioxime 
forms no complexes, but the a-dioxime forms very stable complexes with nickel and 
palladium (Tschugaev, Z. anorg. Chem., 1905, 46, 144). The same difference exists 
between the two oxime-hydrazones, the $B-compound giving no indication of complex 
formation and the «- combining with several metals to give complexes of which the most 
characteristic is the magenta ferrous compound, R,Fe,2H,0, the structure of which is very 
probably (XI). 

This contrast between the «- and 6-benziloxime-hydrazones can be taken, on the analogy 
of the dioximes, to be further evidence that the «-oxime-hydrazone has configuration 
(VII) and the 6-compound (VIII), although (IX) is not excluded for the latter. 

The corresponding cobalt complex, which is much less soluble in organic solvents and 
behaves more like a compound of high molecular weight, may have a similar structure 
without the water molecules, its complexity being due to co-ordination of the free amino- 
groups to other cobalt atoms. It seems to be a cobaltous compound and not cobaltic, 
because it is formed rapidly from cobalt acetate and only slowly from chloropentammino- 
cobaltic chloride. 

Certain additional observations are given in the next section. 


EXPERIMENTAL. 


The nickel complex of benzilmonohydrazone can be obtained most conveniently by dissolving 
4-5 g. of the hydrazone (Curtius and Thun, J. pr.’Chem., 1891, 44, 176) in hot alcohol and adding 
an alcoholic solution of nickel acetate (5 g.); the colour changes to dark red, and the complex 
begins toseparate immediately. When the cooled solution is filtered, a dark red solid is obtained, 
which can be freed from excess of hydrazone by extraction with hot alcohol; yield, 5g. Ifa 
little acetic acid is present, there is no colour change and no complex is formed; the presence 
of a little ammonia makes no difference to the yield, but with large excess (alcohol and an equal 
volume of ammonia, d 0-880) very little complex is obtained and benzoylphenylketazine, 
COPh-CPh:N-N:CPh-COPh, m. p. 202°, separates. The same complex is formed when acetone 
replaces alcohol, but with pyridine as solvent the yield is small. With nickel chloride there 
is no colour change; subsequent addition of ammonia precipitates the red complex. 

The complex is insoluble in water, alcohol, acetone, acetic acid, and light petroleum, but 
dissolves to some extent in benzene, chloroform, carbon tetrachloride, nitrobenzene, tetralin, 
pyridine, and quinoline; the solutions are dark red, except that in quinoline, which is purple. 
The complex can be precipitated from benzene solution with light petroleum or alcohol, but 
always with much loss; it is difficult to wash with most solvents and tends to become pasty; 
it decomposes indefinitely in the range 200—230°. It is fairly stable in the solid state, but 
decomposes slowly in solution, the colour changing to brown-yellow; the solid recovered from 
these yellow solutions was gummy (Ni, 245%). Extraction with benzene of samples of the 
red solid which had been kept some time left an insoluble yellow residue (Ni, 26-56%). The red 
complex was analysed for nickel by decomposition with concentrated nitric acid; the diluted 
solution was filtered from the benzil formed, and the nickel estimated with dimethylglyoxime. 
The results of the many analyses may be summarised as follows: if the precipitation from 
benzene solution had taken much time through slowness in filtering, etc., the nickel content 
was above 18% and usually 20—21%; with the most rapid precipitation and washing possible, 
the values were 10-56, 10-34, 11-13% [(C,4H,,ON,),Ni requires Ni, 11-6%], but a large number 
of samples contained Ni, 14—15%. Molecular-weight determinations gave inconsistent results. 
Prof. S. Sugden kindly measured the magnetic moment of the complex and found it to be 
paramagnetic (y = 9-6 x 10-*); it thus resembles the nickel complexes of acetylacetone and 
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of oximinoketones (Cambi, R. Inst. Lombardo Sci. Lettre Rend., 1933, 66, 1091; Cambi and Szegé, 
Ber., 1931, 64, 2391). 
Benzilmonohydrazone forms a palladium complex which is yellow but otherwise resembles 
the nickel complex in most of its properties; its composition is again indefinite and varies between 
the values expected for R,Pd and RPd. With copper salts there is no complex formation, but 
only reduction by the hydrazone group to metallic copper, and there is no sign of complex 
formation with cobaltous or cobaltic compounds. 
Behaviour of Other Hydvrazones towards Nickel Acetate, etc.—Benzilmonophenylhydrazone 
(Biilow, Annalen, 1886, 286, 197) in pyridine with nickel acetate gives a dark red colour similar 
to that with the monohydrazone, but the colour is destroyed by adding water and is not observed 
in alcoholic solution. Benzilmonophenylmethylhydrazone (Kohlrausch, Aunalen, 1889, 253, 16) 
does not give a red colour in either solvent; the same is true for benzilsemicarbazone (Biltz 
and Arnd, Ber., 1902, 35, 344), which is surprising in view of the properties of the semicarbazone 
group. There is no sign of complex formation with deoxybenzoinhydrazone (Curtius and 
Blumer, J. pr. Chem., 1895, 52, 136) or with benzoinhydrazone (ibid., p. 124); the latter 
compound only reacts with copper salts to reduce them to metal, and the results with it stand 
in marked contrast to the ready formation of metallic complexes by benzoinoxime (‘‘ cuproin ” 
Benzildihydrazone gives a yellow-green complex when treated with nickel acetate in alcohol ; 
this is insoluble in all organic solvents except pyridine, and is decomposed to the dihydrazone 
when washed with water; a sample washed with alcohol contained Ni, 19-3%. 
6-Camphorquinonehydrazone gives an immediate deep red colour with nickel acetate in 
alcohol, intensified by adding aqueous ammonia, but no solid complex could be isolated; the 
a-compound does not show this reaction. 
tert.-Butylglyoxal, CMe,-CO-CHO.—Pinacolone (93 g.) was refluxed with purified selenium k 
dioxide (68 g.) in an oil-bath at 110—120° for 20 hours. The resulting dark yellow liquid 
was decanted into an equal bulk of water, and the mixture distilled with a 50-cm. column; 
at 81—95° a mixture of pinacolone and water came over, and at 95—-98° a homogeneous yellow 
distillate. The latter was repeatedly extracted with ether, the united extracts dried over i 
calcium chloride, and the ether removed ; the residue, a yellow oil, boiled at 115°. On standing 
overnight it was converted into a colourless crystalline mass, which was recrystallised from 
light petroleum (b. p. 60—80°); m. p. 85°; yield, 20 g. (27% on the selenium dioxide used). 
As with methylglyoxal, this is a hemihydrate (Found: C, 58-6; H, 8-9. C,.H,.0O,,}H,O requires 
C, 58-5; H, 8-9%). It is soluble in water, and the solution reduces ammoniacal silver nitrate, 
but not Fehling’s solution, and gives white flocks of a glyoxaline with ammonia. ; 
tert.-Butylglyoxalmonohydrazone, CMe,*CO-CH:N-NH,.—The preceding compound was ; 
warmed with hydrazine hydrate (1 mol.) in aqueous-alcoholic or alcoholic solution for 5—30 
minutes; extraction with ether, drying the extract with magnesium sulphate, and removal of 
the ether gave a colourless solid; recrystallised from light petroleum, this had m. p. 81°. The 
compound is volatile in steam; as it readily reacts with copper oxide, the analyses for nitrogen 
were unsatisfactory (Found: C, 56-5; H, 9-2. CsH,,ON, requires C, 56-3; H, 9-4%). 
With nickel acetate in alcohol and a few drops of aqueous ammonia, a cherry-red colour 
appears, and after boiling, a dark red solid separates [Found : Ni, 21-5. Calc. for CgH,,ON,Ni: Ni, 
316%. Calc. for (C,H,,ON,),Ni: Ni, 18-7%]. This complex is soluble in benzene to give a 
rich red solution, but is not precipitated by adding light petroleum or alcohol; it is decomposed 
by water, nickelous hydroxide being formed. 
Benzil Acetone Azine, COPh*CPh:N-N:CMe,.—This compound is not formed by boiling 
benzilmonohydrazone with acetone for long periods. When, however, benzil is heated in alcohol 
with acetonehydrazone (Staudinger and Gaule, Ber., 1916, 49, 1905) for 6 hours, it crystallises 
from the solution on cooling together with unchanged benzil; the two were separated by repeated 
recystallisation from alcohol. It forms thick yellow needles, m. p. 86° (Found: N, 10-8. 
C,,H,,ON, requires N, 10°6%). The same compound is also formed by refluxing benzilmono- 
hydrazone in acetone with a little nickel acetate. After cooling, the nickel complex of the 
hydrazone and the azine complex (see below) are filtered off, and the bulk of the acetone distilled 
from the filtrate; the residue deposits the azine together with the azine complex, and these are 
separated by recrystallisation from warm (not boiling) alcohol, in which the latter is sparingly 
soluble. No indications of complex formation were observed when this azine was treated with 
derivatives of iron, nickel, and cobalt under a variety of conditions. 
The “* Azine Complex.’’—The above azine (1 mol.) was heated in alcohol with nickel acetate 
(1 mol.), and an alcoholic solution of benzilmonohydrazone (1 mol.) added slowly with shaking. 
After 6 hours’ boiling under reflux, the hydrazone complex which had formed was separated 
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from the hot solution, and on cooling, a small quantity of the azine complex separated in 
bright red needles; more was obtained from the mother-liquor. The same compound is more 
readily obtained by adding nickel acetate (1 mol.) in alcoholic solution to benzilmonohydrazone 
(2 mols.) in acetone and boiling under reflux for 6 hours ; the azine complex is worked up as before. 
The yield is about 5%. In this case the mother-liquor also contains the azine described above. 
The azine nickel complex can be recrystallised from alcohol; it then has m. p. 239—240°. It is 
sparingly soluble in cold alcohol and light petroleum, and more soluble in benzene, acetone, 
and carbon disulphide. It is unaffected by dilute mineral acids and by hydrogen sulphide and 
sodium sulphide in aqueous alcohol, but is decomposed by nitric acid and hot concentrated 
hydrochloric acid to give benzil and the salt of nickel; this method of decomposition was used 
in the analyses for nickel [Found: C (micro), 68-0; H (micro), 4:8; N, 10:3; Ni, 10-6. 
C3,H,,O,N,Ni requires C, 68-3; H, 4-8; N, 10-3; Ni, 10°8%]. The solubility in benzene is not 
large enough for good molecular-weight determinations, but 0-1294 g. in 20-14 g. of benzene 
gave A = 0-067°, whence M = 502 (Calc.: 545). 

Attempts to obtain a similar compound with palladium in place of nickel failed; the yellow 
hydrazone complex of palladium was formed, but boiling in acetone led to reduction to metallic 
palladium. 

Benzil benzaldehyde azine, COPh*CPh:N-N:CHPh, was obtained by heating benzilmono- 
hydrazone with the equivalent of purified benzaldehyde in alcohol until the smell of benzaldehyde 
disappeared (? hour). Whena little water was added to the cooled solution, the azine separated. 
It crystallised in yellow needles, m. p. 151°, from alcohol; yield 66% (Found: N, 91. 
C,,H,,ON, requires N, 90%). All attempts to obtain a nickel complex of this azine and benzil- 
monohydrazone, analogous to the azine complex described above, failed. 

The Metallic Derivatives of Salicylaldehydehydrazone——When salicylaldehydehydrazone 
(Cajar, Ber., 1898, 31, 2803) is treated with nickel acetate or copper acetate in alcohol, finely 
divided precipitates are formed; the former is yellow and the latter ochre-coloured. Both are 
insoluble in water and all organic solvents, and tend to become colloidal when washed with hot 
benzene; they are attacked by dilute mineral acids, acetic acid, and ammonia, giving salicyl- 
aldehydeazine, m. p. 216°, and are partly decomposed by boiling with water. The copper 
complex detonates with warm nitric acid, and, unlike the nickel complex, is stable to aqueous 
sodium hydroxide. Samples of both complexes, analysed for carbon, hydrogen, nitrogen, and 
the metal, gave figures in rough agreement with the formule R,Ni and R,Cu. 

The Oxime-hydrazones of Benzil.—The action of hydrazine hydrate on §-benzilmonoxime 
(Taylor and Marks, J., 1930, 2305) was repeated as described by Forster and Dey (J., 1912, 
101, 2234); the m. p. of the B-oxime-hydrazone was 171°. No indication of complex formation 
between this compound and iron, nickel, cobalt, or palladium was observed. 

a-Benziloxime-hydvazone.—a-Benzilmonoxime (23 g.) in alcohol was refluxed with hydrazine 
hydrate (5-5 g.); after 1 hour white crystals began to separate, and after 6 hours these were 
collected, washed with alcohol, and recrystallised from pyridine—-alcohol; m. p. 216°, yield 
6-6 g. (Found: N, 17-7. C,,H,,;ON, requires N, 17-6%). The filtrate on standing deposited 
1 g. of benzilmonohydrazone, and 13 g. of a-benzilmonoxime were also recovered. «-Benzil- 
oxime-hydrazone is insoluble in alcohol, benzene, xylene, and chloroform, and dissolves in pyridine, 
dioxan, and aqueous sodium hydroxide. It forms complexes with metallic salts in pyridine or 
dioxan; with nickel salts there is a red colour similar to that given by benzilmonohydrazone, 
with copper salts a yellow colour, with ferrous salts an intense rose-red colour, and with cobalt 
salts a very dark brown colour. 

Ferrous Complex of a-Benziloxime-hydrazone.—To a hot pyridine solution of the oxime- 
hydrazone (2 mols.) an aqueous solution of ferrous sulphate (1 mol.) was added ; an intense rose- 
red colour appeared immediately. After the solution had been heated for 2 minutes and cooled, 
20% aqueous sodium hydroxide was added to precipitate unchanged iron. The pyridine layer 
was separated and filtered, and pyridine distilled off from the moist solution under reduced 
pressure at or below 40°. The deep purple residue was dissolved in the minimum of chloroform 
(in which the «-oxime-hydrazone is insoluble), the solution filtered, and the complex precipitated 
by addition of an equal volume of light petroleum (b. p. 60—80°). The mixture was cooled to 
— 20°, and the complex collected and washed with light petroleum ; 2-4 g. of the oxime-hydrazone 
gave 1-5 g. of the ferrous complex. The substance could not be obtained crystalline : removal 
of the solvent from its solution leaves a hard red varnish. It is somewhat soluble in alcohol, 
acetone, benzene, and ethyl acetate, and very soluble in pyridine, chloroform, dioxan, and 
tetrachloroethane. It is not completely decomposed by mineral acids in the cold, and only 
slowly on heating, but its pyridine solution is immediately decolorised by mineral acids. 
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Analysis of a sample washed with much light petroleum indicates that the compound is a 
dihydrate, and this recalls the hygroscopic nature of the ferrous complexes of certain oximino- 
ketones (Taylor and Ewbank, J., 1926, 2818) (Found: C, 60-2; H, 5:2; N, 149; Fe, 9-6. 
C,sH,,O,N,Fe,2H,O requires C, 59-2; H, 4:9; N, 14-8; Fe, 98%). 

The cobalt complex of this oxime-hydrazone forms a dark brown, non-crystalline powder, 
m. p. 119°, which can be obtained, probably somewhat impure, by the interaction of the compound 
in pyridine with cobalt acetate, followed by precipitation with a limited amount of water. 
The same complex is formed slowly if chloropentamminocobaltic chloride replaces the cobalt 
acetate. It is fairly soluble in alcohol and very soluble in chloroform, pyridine, dioxan, and 
benzene, and can be precipitated from benzene solution with light petroleum. Its brown 
colour and solubilities are reminiscent of the cobaltous complexes of certain oximino-ketones 
described by Ponzio (Gazzetta, 1922, 52, i, 285) and by Taylor (J., 1931, 2025). 

It is curious that the metallic derivatives of hydrazones which have been investigated 
are amorphous and (except the azine complex described above) cannot be obtained crystalline, 
whereas the metallic derivatives of oximes usually crystallise well and are easy to purify. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, September 22nd, 1938.) 





55. The Dissociation Constants of m-Halogenated Phenols and of some 
of their Mononitro-derivatives. 


By HERBERT H. HopGson and REGGIE SMITH. 


The dissociation constants of the m-halogenated phenols have been measured 
in aqueous and in 30% aqueous-alcoholic solutions, and the data of Bennett, Brooks, 
and Glasstone (J., 1935, 1821) confirmed. The dissociation constants of 2-, 4-, and 
6-nitro-3-fluorophenol, 2- and 4-nitro-3-chloro- and 2- and 4-nitro-3-bromo-phenol 
have also been obtained in 30% aqueous alcohol to ascertain the combined effect of the 
nitro-group and the halogen atom. 


BENNETT, Brooks, and GLASSTONE (J., 1935, 1821) have recorded the dissociation con- 
stants of all the monohalogenated phenols in solution in aqueous alcohol (30% of ethyl 
alcohol by vol., 24-79% by weight), in connexion with a study of the polar influences of 
halogens in substituted aromatic compounds (1bid., p. 1827). Since one of the present 
authors was in possession of the complete set of 2-, 4-, and 6-nitro-m-halogenophenols 
(Hodgson and Moore, J., 1925, 127, 1599; 1926, 155; 1927, 630; Hodgson and Nixon, 
J., 1928, 1879), it appeared of interest to find the combined effect of the halogen atom and 
the nitro-group on the dissociation constants of the phenols in which they were substituents. 

The nitro-m-halogenophenols are only sparingly soluble in 30% alcohol and of necessity 
0:005n-solutions had to be used; even at this dilution, solutions of 6-nitro-3-chloro-, -3- 
bromo-, and -3-ioedo-phenols could not be made. The paper therefore records data for all 
the 2- and 4-nitro-3-halogenophenols and for 3-fluoro-6-nitrophenol. Bennett, Brooks, and 
Glasstone (loc. cit., p. 1822) state that the order of the strengths of acids is the same at 
least in water and in 30% alcohol. Dissociation constants in water, however, are con- 
siderable multiples of those in aqueous alcohol, ¢.g., K, x 101° for m-fluorophenol is 5-25 
in water and 1-51 in 30% alcohol, and therefore we considered that measurements in 
aqueous 90% alcohol (the composition required to bring 3-iodo-6-nitrophenol into 0-005N- 
solution) would not be justified. Measurements of the four m-halogenophenols have been 
made in 0-005N-solutions in water, and the orders of the magnitudes of the dissociation 
constants found to be the same as for 30% aqueous alcohol. The data of Bennett, Brooks, 
and Glasstone for 30% aqueous alcohol, therefore, have been confirmed, though our results 
are slightly lower (see Table). 

The dissociation constants of the m-halogenophenols, except m-fluorophenol (< m- 
iodophenol), show uniformity, whether in water or in 30% alcohol, in the anticipated 
order of their inductive (— J) effects, viz. Cl>Br>I. The anomalous minimum 
value exhibited by m-fluorophenol is completely reversed when the powerful effect of 
the nitro-group is combined with it whether in the 2-, 4-, or 6-position. The dissociation 
constants of all the halogenonitrophenols now measured not only exhibit entire uniformity 
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and in the order 6-nitro-m-Hal. > 2-nitro-m-Hal. > 4-nitro-m-Hal., but they are all 
greater than the dissociation constants of the o-, m-, and #-nitrophenols. Further, in all 
cases the dissociation constant of the fluoronitro-member of the series is greater than 
that of its chloro-, bromo-, or iodo-analogue, the order being F > Cl > Br>TI. It would 
appear, therefore, that, whatever may be the cause of the exceptional minimum value for 
fluorine in m-fluorophenol, it has been removed in the fluoronitrophenols, since the data 
clearly indicate addition and not subtraction of the nitro- and the halogeno-effect. 


EXPERIMENTAL. 


The substances were prepared according to the directions given in the papers cited; they 
were distilled under reduced pressure several times (where possible), and recrystallised im- 
mediately before use. P 

The dissociation constants were evaluated from measurements of the pq values of 0-005n- 
solutions (50 c.c.) at various stages of neutralisation by 0-005N-sodium hydroxide. Accurate 
determinations of the pg values were made by means of a glass electrode of the bulb type, used 
in conjunction with a direct py-reading electrometer valve potentiometer. The glass electrode 
was trustworthy and gave reproducible results. The bulb electrode contained n-hydrochloric 
acid saturated with quinhydrone, into which dipped a platinum wire connected to a gold- 
plated terminal, and was totally immersed in the solution whose py value was required; 
this solution was connected by means of a bridge tube (with tap), containing saturated potassium 
chloride, to a standard electrode of the saturated calomel type. The entire apparatus was 
supported inside a copper thermostat maintained at 25-0° + 0-05°. The potentiometer was of 
the electrometer triode type operated from a 12-volt battery, and was calibrated to read directly 
in py units. Potassium hydrogen phthalate and borax were used throughout for buffer solu- 
tions to standardise the electrode and the meter; the calibrations were checked before each 
titration. In all the measurements, the glass electrode was left for 10 minutes before the py 
value of the titrated solution was read. The potential of uncertain magnitude which occurs at 
the liquid junction between the saturated potassium chloride solution and the solution to be 
measured was neglected throughout (cf. Bennett, Brooks, and Glasstone, loc. cit., p. 1824). 

Dissociation Constants of Phenols at 25-0°.—The actual titrations are not included, since our 
experimental details are identical with those of Bennett, Brooks, and Glasstone (loc. cit.). 


In 30% ethyl alcohol. 
Mean Limits Mean Limits 
Phencl. Pra: of Dxg. | = Phenol. Pra of pra. Ras 

m-F luoro- 9-82 9-81—9-84 1-51x10-1 9-48 9-46—9-50 3-31 x 10-1° 
3-Fluoro-6-nitro- 6-63 6-62—6-65 2-34x10-’ 3-Bromo-2-nitro- 6°78 6-76—6-79 1-66 x10-7 

3-Fluoro-2-nitro- 6-70 6-67—6-73 1-99x10-? 3-Bromo-4-nitro- 6-84 6-83—6-85 1-45x10-7 

3-Fluoro-4-nitro ... 6-78 6-76—6-80 1-66x10-? m-Iodo- 9-51 9-50—9-53 3-09 x 10-1° 
m-Chloro- 9-44 9-43—9-46 3-63x10-1 3-Iodo-2-nitro- ... 6-89 6-88—6-90 1-29 10-7 

3-Chloro-2-nitro-... 6:75 6-73—6-76 1-78x10-7 3-Iodo-4-nitro- ... 6-94 6-92—6-96 1-15x10-? 

3-Chloro-4-nitro-... 6-80 6-78—6-81 158x107 


In water. 


m-Fluoro- , 9-26—9-28 5:37x10-1° m-Bromo- 9-11 9-09—9-12 7-76 x10-1?° 
m-Chloro- . 9-05—9-08 8-51x10-° m-Iodo- 9-17 9-15—9-18 6-76 x 10-1° 


The authors thank Messrs. F. Hobson and E. Marsden, B.Sc., for valuable help and Imperial 
Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
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56. Reactions of aB-Unsaturated Cyclic Aldehydes and Ketones. 
Part IV. d-Cryptone and trans-d-Cryptol. 


By A. KILLEN MACBETH and F. L. Winzor. 


d-Cryptone, when reduced by aluminium isopropoxide, yields d-cryptol. The latter 
is obtained stereochemically pure by repeated crystallisation of the p-nitrobenzoate, 
which on hydrolysis gives d-cryptol having [«]?° + 146-4°. The alcohol is further 
characterised by its a-naphthylurethane. 
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d-Cryptol is the tvans-epimer, since on catalytic hydrogenation it yields a di- 
hydrocryptol characterised by -an a-naphthylurethane, m. p. 159°, which is known 
to have the tramns-configuration. 

On oxidation, pure d-cryptol gives d-cryptone having [a]p + 102°. 


d-CRYPTONE (I) was isolated from water-fennel oil (compare Berry, Macbeth, and Swanson, 
J., 1937, 1448) and reduced by Ponndorf’s method. The d-cryptol obtained had [«]p + 66°, 
but repeated crystallisation of the p-nitrobenzoate from methyl alcohol gave a specimen of 
the ester ([«]p + 174°, unchanged after further crystallisation) which on hydrolysis yielded 
pure d-cryptol having [a]}?°° + 146-4° in alcohol. 

The epimeric forms of dihydrocryptol have been characterised by a series of crystalline 
derivatives (Gillespie, Macbeth, and Swanson, J., 1938, 1820) and it has since been estab- 
lished that the alcohol giving an «-naphthylurethane, m. p. 159-5°, has the ¢vans-configura- 
tion (III), whereas the epimer yields an «-naphthylurethane, m. p. 113° (Cooke, Gillespie, 
and Macbeth, unpublished work). Since both d- and /-cryptol on hydrogenation give the 
dihydrocryptol characterised by the a-naphthylurethane of higher melting point, their 
configurations are established as the ¢vans-forms (II). 


CO aye Ai HO-C-H 


Gyn o> Gye —> Gt, 
CH 


CH, CH, CH, 
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Samples of d-cryptone from water-fennel oil are partially racemised («p + 52-16°, 
+ 75:1°), but a ketone of greater stereochemical purity ([«]p + 102°) has been obtained by 
oxidation of pure d-cryptol. It is not claimed that this material is stereochemically pure 
on account of the small amounts available for experimental purposes and in view of the 
higher value recorded by Galloway, Dewar, and Read (J., 1936, 1595) for /-cryptone 
([«]p — 119-3°). 

EXPERIMENTAL, 

d-Cryptone from Water-fennel Oil.—The sample of water-fennel oil was kindly distilled for us 
by Messrs. Stafford Allen and Sons, Ltd.; its physical constants, d3j. 0-8811, nf 1-4788, [a]p + 
21-4° (homogeneous), were in good agreement with those previously recorded (see Berry, Macbeth, 
and Swanson, Joc. cit.). 

The ketone was extracted by treating the oil (300 g.) with its own volume of neutral sodium 
sulphite solution (50%), 10% sulphuric acid being added as required to neutralise the alkali 
liberated during the reaction. After separation of the aqueous extract, and its treatment with 
ether to remove traces of oil, the ketone was liberated by the addition of 40° sodium hydroxide 
solution and simultaneously extracted with ether. From the washed and dried ethereal solu- 
tion, crude d-cryptone (10 g.), ap + 75-1° (homogeneous), was recovered. A better yield of 
ketone, of higher rotation, was obtained by such direct extraction than was isolated in the 
previous work after rigorous fractionation of the oil. 

d-Crypiol_—The above sample of d-cryptone (10 g.) was reduced with aluminium (0:8 g.) 
dissolved in dry isopropyl alcohol (40 c.c.), the slow constant-volume distillation being con- 
tinued for some 5 hours. The isopropyl alcohol was collected as a first fraction in the steam- 
distillation of the reaction mixture. The crude d-cryptol [7 g.; ap + 66° (homogeneous, 
1 dm.)] recovered from the subsequent distillate was, without further purification, converted 
into the p-nitrobenzoate by the action of p-nitrobenzoyl] chloride (9-5 g.) and pyridine. After 
three crystallisations from methyl alcohol pure d-crypiol p-nitrobenzoate (5 g.) was isolated in 
pale yellow flakes, m. p. 84°, [«]}° + 174° (c 2, chloroform). These values were unchanged 
after further crystallisation (Found: N, 4:9. C,,H,,0,N requires N, 4:84%). 

Pure d-cryptol was obtained by refluxing the above pure ester for 30 minutes with 5% 
methyl-alcoholic potassium hydroxide (25 c.c.), followed by steam-distillation and extraction 
with ether. It had b. p. 72°/2 mm., uj” 1-4796, and [a]. + 146-4° (c 2, alcohol). 

A mixture of a-naphthyl isocyanate (0-9 g.) and pure d-cryptol (0-6 g.) solidified after 2 hours; 
the a-naphthylurethane (0-65 g.) separated from light petroleum (b. p. 60—90°) in the same 
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crystalline form as the /-cryptol derivative. TRecrystallisation from the same solvent gave 
d-cryptol-a-naphthylurethane, m. p. 118°, [«]}” + 135-3° (c 2-03, alcohol). After precipitation 
from alcoholic solution by water and further recrystallisation from light petroleum this separated 
in clusters of needles, m. p. 118-5°, [«]}” + 136-2° (c 1-47, alcohol) (Found: N, 4-6. C,,H,,;0,N 
requires N, 45%). 

trans-Dihydrocryptol.—A solution of d-cryptol (0-5 g.) in alcohol (20 c.c.) containing palladised 
charcoal (0-4 g.) rapidly absorbed somewhat more than the theoretical amount of hydrogen. 
After filtration and removal of the solvent, the dihydrocryptol (0-4 g.) was converted into the 
a-naphthylurethane by the addition of a-naphthyl isocyanate (0-6 g.). On crystallisation 
(twice) from light petroleum, fluffy felted needles (0-5 g.) were obtained, m. p. 158°, not depressed 
by authentic ¢rvans-dihydrocryptol-«-naphthylurethane. 

Oxidation of d-Cryptol to d-Cryptone.—On addition of a warm (40°) solution of potassium di- 
chromate (2-4 g.) in water (12 g.) containing concentrated sulphuric acid (2 g.) to pure d-cryptol 
(0-7 g.) the characteristic dark additive compound was immediately formed, and on shaking, 
oxidation took place with rise of temperature to 58—60° and liberation of the ketone. An 
ethereal extract of the product, washed till colourless and dried with anhydrous magnesium 
sulphate, gave, on removal of the solvent and distillation, d-cryptone (0-4 g.), b. p. 78°/3 mm., 
nz 1-4811, [a]? + 102° (c 2-73, alcohol). The ketone was characterised by the semicarbazone, 
which after three crystallisations from dilute methyl alcohol had m. p. 187—188° and [a]? + 33° 
(c 1-0, chloroform) (Found: N, 21-5. Cj, 9H,,ON, requires N, 21-5%), and the 2: 4-dinitro- 
phenylhydrazone, which after three crystallisations from methyl alcohol was obtained in red 
needles, m. p. 135—136° (Found: N, 17-5. Calc.: N, 17-6%). 


We express our thanks to Mr. Gilbert E. Smith and Messrs. Stafford Allen and Sons, Ltd., 
for their help in distilling the water-fennel oil used in the work. 
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57. Polycyclic Aromatic Hydrocarbons. Part XIX. 
By J. W. Cook, (Mrs.) A. M. Rosinson, and (Miss) E. M. F. Roe. 


The Friedel-Crafts reaction between 9: 10-dihydroanthracene and _ succinic 
anhydride leads, in nitrobenzene solution, to 6-9-(9 : 10-dihydro)anthroylpropionic acid 
(I). Thus, substitution occurs at a saturated carbon atom, in a molecule in which 
aromatic rings with free positions are present. 


In the synthesis of 1’-methyl-1 : 2-benzanthracene (Cook and Robinson, J., 1938, 505) use 
was made of the ready isolation of 8-2-anthroylpropionic acid from the products of inter- 
action of anthracene and succinic anhydride (compare Fieser and Peters, J. Amer. Chem. 
Soc., 1932, 54, 4355). Isomerides were also formed, so that the yield of this keto-acid was 
less than 20%, and in the expectation that 9 : 10-dihydroanthracene would undergo substi- 
tution almost exclusively in position 2 we have studied the condensation of this hydro- 
carbon with succinic anhydride, in an attempt to improve the synthesis of 1’-methyl-1 : 2- 
benzanthracene. A homogeneous keto-acid was obtained, but this could be oxidised with 
great facility to 9: 10-anthraquinone and hence was £-9-(9 : 10-dthydro)anthroylpropionic 
acid (I). On account of the known tendency for dihydroanthracene derivatives to undergo 


H CO[CH,},°CO,H H [CH,],°CO,H 


™\ 
ON /\/\S O\4/\/S 
(I.) ae a ian. a 7} (II.) 


vi od 


H H H H 


dehydrogenation under the influence of aluminium chloride, it was necessary to exclude 
the possibility that our product was 8-9-anthroylpropionic acid. This was done by 
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spectroscopic comparison, which shows clearly that the keto-acid conforms to the 
dihydroanthracene type rather than to the more complex anthracene type of absorption 
(see Figure), and also by reduction (Wolff-Kishner method) to y-9-(9 : 10-dihydro)- 


anthranylbutyric acid (II), the dihydro-character of which was established by its 
dehydrogenation to y-9-anthranylbutyric acid. 


This unusual type of substitution, replacement of aliphatically-bound hydrogen during 
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a Friedel-Crafts reaction in a molecule in which aromatic rings with free positions are also 


present, illustrates the exceptional reactivity of the methylene groups of 9 : 10-dihydro- 
anthracene. Under the same conditions diphenylmethane underwent normal nuclear 
substitution with the production of 6-p-benzylbenzoylpropionic acid. There are numerous 
examples of substitution (halogenation, oxidation, nitration) in a methylene group attached 
to an aromatic nucleus, but such substitution is very exceptional in the Friedel-Crafts 
reaction. The closest analogy to the example now recorded is the facile conversion of 
e-phenyl-n-amy]l chloride into phenyleyclopentane rather than benzsuberane by cyclisation 
with aluminium chloride (v. Braun and Deutsch, Ber., 1912, 45, 1267). 


The Friedel-Crafts reaction with saturated hydrocarbons is commonly regarded as 





268 Cook and de Worms: 


proceeding through an intermediate unsaturated hydrocarbon formed by the dehydrogen- 
ating action of aluminium chloride (see, for example, Zelinsky and Tarassowa, Amnalen, 
1934, 508, 115; Nenitzescu and Cantuniari, ibed., 1934, 510, 269; Nenitzescu and Cur- 
caneanu, Ber., 1938, 71, 2063). In the case of 9 : 10-dihydroanthracene such a mechanism 
seems excluded, for the intermediate compound would be anthracene, which is known to 
undergo considerable substitution in the lateral rings under the conditions used. Hence we 
conclude that direct replacement of hydrogen is the most probable course of the reaction. 


EXPERIMENTAL. 


8-9-(9 : 10-Dihydro)anthroylpropionic Acid (I) (compare Meister Lucius and Briining, D.R.P. 
376,635).—Succinic anhydride (2-8 g.), aluminium chloride (3-7 g.), and 9: 10-dihydroanthracene 
(5 g.) were added consecutively, with stirring, to nitrobenzene (28 g.), and the ice-cooled suspen- 
sion was subsequently stirred for 5 hours. The product was-decomposed with ice and hydro- 
chloric acid, the solvent removed in steam, and the residue extracted with dilute sodium carbon- 
ate solution; the solution was filtered from unreacted dihydroanthracene (2-4 g.), and the acidic 
product precipitated (3 g.). A single crystallisation from alcohol gave pure B-9-(9 : 10-dihydro)- 
anthroylpropionic acid (1), which after recrystallisation from benzene formed colourless needles, 
m. p. 160—161° (Found: C, 77-0; H, 58. C,gH,,O, requires C, 77-1; H, 5-75%). Its semi- 
carbazone formed colourless needles (from methyl alcohol), m. p. 203—204° (decomp.) (Found : 
C, 67-4; H, 5-7. C,,H,,0O,N; requires C, 67-6; H, 5-7%). 

Oxidation of the keto-acid with chromic acid in boiling acetic acid or with ice-cold dilute 
alkaline permanganate gave anthraquinone, m. p. 279—280°, identified by comparison with an 
authentic sample. 

y-9-(9: 10 Dihydvo)anthranylbutyric Acid (II).—The aforesaid semicarbazone (2 g.) was 
heated in a sealed tube at 180° for 18 hours with sodium ethoxide (2 g. of sodium in 30 c.c. of 
absolute alcohol). The resulting y-9-(9 : 10-dihydro)anthranylbutyric acid (I1) (5 g. from 10 g. of 
semicarbazone) formed colourless plates (from ligroin), m. p. 132—133° (Found: C, 81-1; H, 6-8. 
C,,H,,0, requires C, 81-2; H, 68%). A by-product of the reduction was an unidentified 
neutral compound which crystallised from benzene in yellowish prismatic needles, decomposing 
above 220°. 

y-9-Anthranylbutyric Acid—The dihydro-acid (1 g.) was heated with sulphur (0-12 g.) at 
220—230° for 1} hours. The dehydrogenated acid was recrystallised from benzene (yield, 
0-75 g.; m. p. 184—186°) and purified by crystallisation of its sodium salt from a little dilute 
sodium carbonate solution. y-9-Anthranylbutyric acid formed pale yellow prisms (from benzene), 
m. p. 187-5—188-5°, and was oxidised to anthraquinone by sodium dichromate in boiling acetic 
acid (Found: C, 81-9; H, 6-1. C,,H,,O, requires C, 81-8; H, 6-1%). 

8-p-Benzylbenzoylpropionic Acid.—The condensation of diphenylmethane and _ succinic 
anhydride was carried out as described above and gave 8-p-benzylbenzoylpropionic acid, m. p. 
125—126° (from alcohol) (Found: C, 76-0; H, 5-8. (C,,H,,O, requires C, 76-1; H, 6-0%). 
Oxidation with hot dilute alkaline permanganate solution gave p-benzoylbenzoic acid, m. p. 
195—196° (lit., 194°). 

Our thanks are due to the International Cancer Research Foundation and to the British 


Empire Cancer Campaign for grants which have supported the investigations described in this 
and the following communication. 
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58. Polycyclic Aromatic Hydrocarbons. Part XX. 
By J. W. Cook and C. G. M. DE Worms. 


5-isoPropyl-1 : 2-benzanthracene, which could not be obtained from 5-keto- 
5:6: 7: 8-tetrahydro-1 : 2-benzanthracene and isopropylmagnesium bromide, has been 
synthesised from ethyl 1: 2-benz-5-anthroate and methylmagnesium iodide. The 
requisite 1 : 2-benz-5-anthroic acid was obtained by degradation of 1 : 2: 5: 10-dibenz- 


9-anthrone. 
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INTRODUCTION of a methyl group into position 10 of the 1 : 2-benzanthracene molecule gives 
a potent carcinogenic hydrocarbon, whereas an tsopropy] group in this position is ineffective. 
On the other hand, 6-isopropyl-1 : 2-benzanthracene is much more active than the 6-methyl 
compound. These curious relationships led us to synthesise 5-isopropyl-1 : 2-benzanthracene 
for comparison with the 5-methyl compound. A series of 5-alkyl-1 : 2-benzanthracenes has 
been prepared by the action of Grignard reagents on 5-keto-5 : 6: 7 : 8-tetrahydro-1 : 2- 
benzanthracene, but this method failed in the case of the isopropyl compound (J., 1933, 
1592; 1937, 393; and unpublished experiments), so that in this case an alternative route 
was necessary. A satisfactory method is now recorded. 

The pert ring-closure of 1 : 1’-dinaphthyl ketone to 1 : 2: 5: 10-dibenz-9-anthrone (I) 
’ has been mentioned in the patent literature (Scholl, D.R.-P. 239,761) and also the synthesis 
of a dibenzanthrone of undetermined constitution from 1 : 2-benzanthraquinone by the 
glycerol method (Badische Anilin und Soda Fabrik, D.R.-P. 181,176). Repetition of the 
latter synthesis has shown that the product is likewise 1 : 2: 5: 10-dibenz-9-anthrone, 
although for preparative purposes the former method is to be preferred. 
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Oxidation of the dibenzanthrone with chromic acid in boiling acetic acid led to 1 : 2- 
benzanthraquinone-5-carboxylic acid (II), which was reduced to 1 : 2-benz-5-anthroic acid, the 
ethyl ester of which reacted with methylmagnesium iodide to give a carbinol, dehydrated by 
picric acid to 5-isopropenyl-1 : 2-benzanthracene (III). 5-tsoPropyl-1 : 2-benzanthracene 
was obtained from (III) by catalytic hydrogenation. 


EXPERIMENTAL. 


1: 2:5: 10-Dibenz-9-anthrone (I).—The 1: 1’-dinaphthyl ketone required for this was most 
suitably obtained by hydrolysis of the ketimine resulting from 1-naphthylmagnesium bromide 
and 1-naphthonitrile (Tschitschibabin and Korjagin, J. Russ. Phys. Chem. Soc., 1913, 45, 1828), 
the procedure of Newman (J. Amer. Chem. Soc., 1937, 59, 2472) for the preparation of 1-naph- 
thonitrile being simplified as follows : , 

A mixture of 1-bromonaphthalene (150 g.) and cuprous cyanide (75 g.) was slowly heated to 
270° and the temperature maintained at this point for 4 hour, during which a violent reaction 
sometimes set in. The temperature was then raised so that the nitrile distilled (b. p. ca. 290°; 
yield, 96 g. = 86%); purification was completed by redistillation under reduced pressure. 

For cyclisation, 1: 1'-dinaphthyl ketone (80 g.) was intimately mixed with anhydrous 
aluminium chloride (320 g.) and sodium chloride (80 g.), and the mechanically stirred mixture 
was slowly heated to 100°, at which temperature the mass fused and hydrogen chloride was 
liberated. After continued stirring at 100° for an hour, the black viscous liquid was poured on 
much ice. After the aluminium chloride complex was fully decomposed, the solid was collected 
and extracted five times with glacial acetic acid. Much tarry material remained undissolved. 
The crystalline product obtained from the extract was recrystallised from acetic acid (charcoal) ; 
it then had m. p. 182—185° (yield, 21 g. = 27%). For analysis, a sample was sublimed in a 
vacuum and then recrystallised from glacial acetic acid. 1: 2:5: 10-Dibenz-9-anthrone (I) 
formed orange needles, m. p. 184—185° (Found : C, 89:8; H, 48. Calc. for C,,H,,0: C, 89-95; 
H, 43%). 

1: ae Acid (II).—A solution of chromic acid (90 g.) in 80% 
acetic acid (200 c.c.) was added during 14 hours to a boiling suspension of finely powdered 
1: 2:5: 10-dibenz-9-anthrone (21 g.) in acetic acid (400 c.c.). After a further hour’s boiling, 
the solution was evaporated under reduced pressure, the residue dissolved in water and treated 
with excess of dilute sodium carbonate solution, and the chromium hydroxide repeatedly 
extracted with boiling dilute sodium carbonate solution. The orange filtrate was acidified, and 
the precipitated acid dissolved in a small volume of boiling 2n-sodium carbonate. On cooling, 


T 
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the sodium salt of 1 : 2-benzanthvaquinone-5-carboxylic acid (II) separated in gold spangles 
(10-1g.). The free acid, not obtained analytically pure, crystallised from a large volume of acetic 
acid in yellow needles, m. p. 295—296° (Found : C, 74-7; H, 3-3. CH 9O, requires C, 75-4; 
H, 3-3%). The methyl ester, obtained with methyl alcohol and hydrogen chloride, formed 
golden needles (from methyl alcohol), m. p. 163—165° (Found: C, 75:8; H, 4:0. Cg 9H,,0, 
requires C, 75-9; H, 3-8%). 

The structure of the acid (II) was confirmed by oxidation with permanganic acid to anthra- 
quinone-1 : 2 : 5-tricarboxylic acid, identified by comparison of its trimethyl ester with an 
authentic specimen (Cook, J., 1933, 1592). 

1 : 2-Benz-5-anthroic Acid.—A solution of stannous chloride (37 g.) in hydrochloric acid (120 
c.c.) was added to a boiling suspension of the sodium salt of the quinone-acid (10 g.) in acetic acid 
(900 c.c.) and the whole was boiled for an hour and then poured into water. The red precipitate 
was collected as rapidly as possible and reduced with zinc dust (70 g.) and boiling n-sodium 
hydroxide (800 c.c.) (9 hours). The resulting acid was purified through its somewhat sparingly 
soluble sodium salt and was then recrystallised from acetic acid. 1: 2-Benz-5-anthroic acid 
(3-8 g.) formed yellow leaflets, m. p. 286—287° (Found : C, 82-9; H, 4-4. C,gH,,O, requires C, 
83-8; H, 44%). 

The amide, formed by the action of dry ammonia on a benzene solution of the acid chloride, 
formed colourless leaflets (from dioxan), m. p. 309—310° (Found : C, 83-9; H, 5-0. C,,H,,ON 
requires C, 84-1; H, 4-8%), and was dehydrated to the nitrile, orange needles, m. p. 190—191° 
(from benzene—alcohol) (Found : C, 89-9; H, 4-6. C,,H,,N requires C, 90-1; H, 4.4%), by boiling 
phthalic anhydride (compare Waldmann and Oblath, Ber., 1938, 71, 366). Ethyl 1 : 2-benz-5- 
anthroate, prepared by esterification with alcoholic hydrogen chloride, formed fluffy yellowish 
needles (from hexane), m. p. 89—90° (Found: C, 84:1; H, 5:3. C,,H,,O, requires C, 84-0; 
H, 5-4%). 

5-isoPropenyl-1 : 2-benzanthvacene (III).—The foregoing ester (2-8 g.) was added to an ice- 
cold filtered Grignard solution prepared from methyl iodide (3-3 c.c.), magnesium turnings (1-3 g.), 
and anhydrous ether (40c.c.). The solution was allowed to warm to room temperature and was 
then boiled for 2 hours, and decomposed with ice and hydrochloric acid. The crude tertiary 
carbinol isolated from the ethereal solution was boiled in alcoholic solution for 2 hours with picric 
acid (3 g.). On cooling, the dark red picrate of 5-isopropenylbenzanthracene (3-75 g.; m. p. 
137—139°) crystallised. The hydrocarbon obtained from this picrate formed a gum which 
slowly crystallised ; recrystallisation was not attempted. 

The s.-trinitrobenzene complex of 5-isopropenyl-1 : 2-benzanthracene formed light red needles 
(from benzene—alcohol), m. p. 155° (Found: C, 67-5; H, 3-95. C,,H,.,CgH,O,N, requires C, 
67:3; H, 40%). It underwent fission when its dilute solution in benzene was passed through a 
column of alumina (compare Fieser and Hershberg, J. Amer. Chem. Soc., 1937, 59, 2502; 1938, 
60, 945, 1664). The picrate, prepared from the regenerated hydrocarbon, crystallised from 
benzene in ruby-red needles, m. p. 141—142° (Found: C, 65-5; H, 3°85. C,,H,,.,C,H,O,N, 
requires C, 65-2; H, 3°85%). 

5-isoPropyl-1 : 2-benzanthracene.—The crude unsaturated hydrocarbon (III), from 3-75 g. of 
picrate, was shaken in alcoholic solution (100 c.c.) for 12 hours with hydrogen and palladium- 
black (0-25 g.). The product was purified through its picrate, sublimed at 120°/0-001 mm., and 
recrystallised from alcohol. 5-isoPropyl-1 : 2-benzanthracene formed colourless needles, m. p. 
111—112° (Found : C, 93-1; H, 6-8. C,,H,, requires C, 93-3; H, 6-7%), and gave a picrate 
which crystallised from benzene in dark red needles, m. p. 166-5—167-5° (Found : C, 64-6; H, 
4-3. C,,H1.,C,H,O,N, requires C, 64:9; H, 42%), and a s.-trinitrobenzene complex which 
formed bright red needles, m. p. 168-5—169-5° (Found: C, 67-1; H, 4:5. C,,H,,,C,H,;O,N; 
requires C, 67-05; H,4-4%). Oxidation of the hydrocarbon with sodium dichromate (2 parts) in 
boiling acetic acid (25 parts) gave 5-isopropyl-1 : 2-benzanthraquinone, canary-yellow needles 
(from alcohol), m: p. 80—82° (Found : C, 83-8; H, 5-5. C,,H,,O0, requires C, 84-0; H, 5-4%). 

Note on 8-Methyl-1 : 2-benzanthracene (By J. W. Cook and J. IBatL).—In Part XVII (J., 
1938, 505) was recorded the synthesis of 8-methyl-1 : 2-benzanthracene, m. p. 107°, unaltered 
after regeneration of the hydrocarbon from its picrate, m. p. 161—162°, or its s.-trinitrobenzene 
complex, m. p. 164—165°. A further quantity of hydrocarbon of the same m. p. has now been 
prepared, but it was found that the m. p. was raised by recrystallisation from benzene, and after 
further purification through the s.-trinitrobenzene complex the hydrocarbon crystallised from 
alcohol in well-formed, thick, hexagonal plates, m. p. 117—118°. The picrate prepared from this 
material had m. p. 158—159°, and the s.-trinitrobenzene complex had m. p. 167—168°. These 
values should be substituted for those previously recorded. 
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The crystals of pure 8-methyl-1 : 2-benzanthracene were orthorhombic. The main face was 
{001} and the crystals also showed small {100} faces. The remaining faces were {111}. The unit 
cell dimensions were: a, 14-28 a; b, 12-264; c, 14-444. The space group was Dj{—Pcab, and 
there were 8 molecules per unit cell. 

It was possible that the lower-melting substance represented a different crystalline modifica- 
tion, but the crystals were too small and irregular for X-ray examination. When recrystallised 
by slow evaporation of a dilute alcoholic solution, they gave crystals, m. p. 114—116°, the X-ray 
analysis of which gave results identical with those cited above. Hence there is little doubt that 
the product, m. p. 107°, was impure. 


RESEARCH INSTITUTE OF THE Royat CANCER HospITAL (FREE), 
Lonpon, S.W. 3. (Received, December 29th, 1938.] 





59. The Configuration of Glucosamine (Chitosamine). 
By W. N. Hawortu, W. H. G. LAKE, and S. PEAT. 


Chitosamine, the amino-hexose from chitin, has been alternatively described 
as glucosamine or mannosamine. Numerous attempts to solve this problem of 
configuration have failed because of the Walden inversion which occurs under certain 
conditions of deamination to the hexose. The investigation which follows has been 
designed to eliminate, by a synthetic procedure, one of the alternatives, mannose 
or glucose, as the parent sugar of chitosamine. The method has been to prepare 
a dimethyl 2 : 3-anhydromethylmannoside which has been shown to give rise, with 
alkali or sodium methoxide, to both a glucose derivative and an altrose derivative. 
The opening of the anhydro-ring in the dimethyl 2: 3-anhydromethylmannoside 
was then carried out by the agency of ammonia, which gave rise to a derivative of 
3-amino-altrose on the one hand and of 2-amino-glucose on the other. The latter was 
shown to be identical with chitosamine, which may now be considered configurationally 
to be glucosamine and therefore related to the parent sugar glucose. 


THE synthesis of glucosamine by Fischer and Leuchs (Ber., 1903, 36, 24) established its 
constitution as being that of a 2-amino-hexose but left open the question of the con- 
figuration at the second carbon atom. Many investigations were directed in the succeed- 
ing period towards a solution of this problem but a direct chemical approach has not hitherto 
been possible. 

Consequent upon studies carried out in this laboratory on the properties of anhydro- 
sugars we have been able to devise a synthetic method which distinguishes between the 
alternative configurations (glucose or mannose) for glucosamine and which indeed proves 
that glucosamine belongs, in a configurational sense, to the glucose, and not to the mannose 
series. It has been shown that the fission by alkali (sodium methoxide or sodium hydroxide) 
of the ethylene oxide ring in anhydro-sugars leads to the formation of two isomeric sugars, 
consequent upon the independent rupture of the two bonds of the oxide oxygen atom. 
In each case the ring opening is accompanied by a Walden inversion on that carbon atom 
of the ethylene oxide ring at which the break occurs. Thus 3: 4-anhydroallose gives a 
mixture of glucose and gulose (Peat and Wiggins, J., 1938, 1088); 2: 3-anhydroallose, a 
mixture of glucose and altrose (idem, ibid., p. 1810). A mixture of glucose and altrose is 
obtained also from 2 : 3-anhydromannose (Lake and Peat, J., 1938, 1417). Furthermore, 
when the alkaline agent is sodium methoxide, a methoxyl group becomes attached to the 
carbon atom at which Walden inversion occurs. Thus, to quote only one example of 
what seems to be a general rule, 2 : 6-dimethyl 3 : 4-anhydro-8-methylalloside, when boiled 
with sodium methoxide, gives a mixture of 2:3: 6-trimethyl 6-methylglucoside and 
2:4: 6-trimethyl 6-methylguloside (J., 1938, 1088). 

The fission of the anhydro-ring may also be effected by the action of ammonia, the 
same sequence of events being observed here as with sodium methoxide. Two amino- 
sugars are formed, the amino-group becoming attached in each case to that carbon atom 
at which Walden inversion occurs. For example, 2: 3-anhydroallose gives 2-amino-altrose 
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and 3-amino-glucose. That the glucose derivative is correctly described as 3-amino-glucose 
and not as 2-amino-glucose follows from the fact that the same compound is produced by the 
action of ammonia on 3 : 4-anhydroallose (J., 1938, 1810). These considerations suggest 
a method for the synthesis of a derivative of 2-amino-glucose. Such a synthesis would, 
if successful, finally remove all dubiety concerning the configuration of naturally occurring 
glucosamine. 

It was shown in a previous paper (Lake and Peat, loc. cit.) that 4: 6-dimethyl 2 : 3- 
anhydro-8-methylmannoside behaves normally towards alkaline reagents and gives, when 
treated with sodium methoxide, a mixture of 2:4: 6-trimethyl $-methylglucoside and 
3: 4:6-trimethyl 6-methylaltroside. The constitution of each of the trimethyl methyl- 
hexosides was established by oxidative methods and no doubt exists that the methoxyl 
group has entered at position 3 in the altrose product and at position 2 in the glucose. If 
the behaviour of the anhydro-compound towards ammonia is also normal, then a mixture 
of derivatives of 2-amino-glucose and 3-amino-altrose is to be expected. 

This expectation has been realised. A syrup having the composition of a dimethyl 
amino-methylhexoside was obtained in quantitative yield when 4: 6-dimethyl 2: 3- 
anhydro-$-methylmannoside (I) was heated under pressure with anhydrous methyl-alcoholic 
ammonia. The N-acetyl derivative of this product crystallised completely and by frac- 
tional crystallisation it was found possible to separate this derivative into two isomers 
(A) and (B). Fraction A (m. p. 150°) constituted 90% of the whole and fraction (B) (m. p. 
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187°) 10%. It was established, in the first place, that (A) was a derivative (II) of 3-amino- 
altrose. The free hydroxyl group of (II) was methylated by treatment of the substance 
with methyl iodide and silver oxide, and the product (III) shown to be identical with 
fully methylated N-acetyl epi-glucosamine. The latter substance was prepared from the 
methyl epi-glucosamine hydrochloride of Bodycote, Haworth, and Hirst (J., 1934, 151). 
These authors showed conclusively that the amino-group in efi-glucosamine is situated on 
C, and it follows that fraction (A) is also a derivative of a 3-amino-hexose. Moreover, 
since the amino-group has entered at Cg, it is clear, from the principles enunciated above, 
that the introduction of the amino-group will have been accompanied by a Walden in- 
version on C, and that (A) is correctly described as 4 : 6-dimethyl 3-acetamido-B-methyl-d- 
altropyranoside (II). 

The recognition of fraction (A) as a derivative of 3-amino-altrose necessarily implies 
that the smaller fraction (B) is a derivative of 2-amino-glucose and is in fact 4: 6-dimethyl 
2-acetamido-8-methyl-d-glucopyranoside (IV). It is to be observed that there is a quantitative 
difference in the action of sodium methoxide and of ammonia on dimethyl 2 : 3-anhydro- 
methylmannoside. With the first reagent the altrose and glucose derivatives are formed 
in equal amounts, but with ammonia, the altrose member of the pair greatly pre- 
ponderates. The methylation of (IV) gave 3:4: 6-trimethyl 2-acetamido-$-methy]- 
d-glucopyranoside (V). This substance proved to be identical in properties (m. p. 195— 
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196°; [«]%° — 30° in water and + 19° in chloroform) with the substance described by 
Cutler, Haworth, and Peat (J., 1937, 1979) as N-acetyl trimethyl 8-methylglucosaminide 
(m. p. 195°; [«]>* — 29° in water and [a] +- 19-6° in chloroform) and prepared by them 
from glucosamine by acetylation and methylation. The identity of the two products was 
confirmed by mixed m. p. determination, no depression being observed. 

This result has two main consequences. It proves that the derivatives of glucosamine 
described by Cutler, Haworth, and Peat (loc. cit.) have the pyranose structure and it 
establishes, beyond reasonable doubt, that the biologically important hexosamine, glucos- 
amine or chitosamine, is configurationally related to d-glucose and not to d-mannose. 

A further point deserves attention. The description of fraction (B) (above) as a 2- 
amino-hexose does not depend entirely upon analogy. That the amino-group must be 
attached in position 2 follows from the fact that (V) is identical with the product from glucos- 
amine and the latter is certainly a 2-amino-hexose. The entry of the amino-group in this 
position when the ethylene oxide ring is disrupted indicates that Walden inversion takes 
place on this carbon atom and the product (IV) has therefore the configuration of glucose. 


EXPERIMENTAL. 


The Action of Ammonia on 4: 6-Dimethyl 2 : 3-A nhydro-B-methylmannoside.—The anhydro- 
compound (m. p. 69°; [a]}” + 24° in water) (1-25 g.) was dissolved in dry methyl alcohol 
(50 c.c.) which had been saturated with ammonia at 0°, and the solution heated in a sealed 
tube at 130° for 30 hours. The product after removal of solvent was a viscous syrup (1-28 g.) 
having the composition of a dimethyl methylhexosaminide. After distillation at 125°/0-02 
mm. it showed nf” 1-4780 and [«]}" — 103° in methyl alcohol (c, 2-84) (Found: OMe, 41-8%; 
M, by van Slyke estimation of amino-group, 227. Calc. for C,H,,0;N: OMe, 42:1%; M, 
221). A quantity of the syrupy amino-methylhexoside was accumulated by this method. 

Crystalline derivatives were not formed when the dimethyl amino-methylhexoside (0-51 g.) 
was boiled with acetic anhydride and fused sodium acetate. The product (0-69 g.) was a very 
viscous syrup which distilled unchanged at 185°/0-:004 mm. It had the composition of a 
dimethyl amino-methylhexoside diacetate (Found : OMe, 30-3. C,;H,,;0,N requires OMe, 30-5%). 

Preparation of Dimethyl Acetamido-methylhexoside.—To a cooled solution of the dimethyl 
amino-methylhexoside (0-83 g.) in dry methyl alcohol (15 c.c.) was added acetic anhydride 
(2 c.c.), and the mixture kept at room temperature for 12 hours. Thereafter the solution 
was diluted with water, neutralised with sodium bicarbonate, and evaporated to dryness at 
45°. The solid residue was extracted with chloroform, the extract dried with anhydrous mag- 
nesium sulphate, and the solvent removed from it under diminished pressure. The product 
was a thick syrup which crystallised completely after distillation at 184° (bath temp.) /0-005 mm. 

The same product was obtained when the syrupy diacetate (see above) was treated in methyl- 
alcoholic solution with a trace of sodium (this method removed only the O-acetyl). The di- 
methyl acetamido-methylhexoside so prepared is a mixture of 4: 6-dimethyl 3-acetamido-8- 
methyl-d-altropyranoside (II) and 4: 6-dimethyl 2-acetamido-8-methyl-d-glucopyranoside (IV). 
Fractional crystallisation was carried out in ethyl acetate and ethyl acetate—light petroleum. 
The most suitable solvent was later found to be chloroform-light petroleum. In this way 
8-64 g. of the dimethyl acetamido-methylhexoside (from 7:56 g. of the dimethyl amino- 
methylhexoside; 96% yield) was separated into two fractions (A) and (B). 

Fraction (A) (altrose derivative) formed prismatic crystals, m. p. 150°; [a]? — 108-0° 
in methyl alcohol (c, 3-2); yield, 7-7 g. (89% of total) (Found: C, 49-9; H, 8-0; N, 5-7; 
OMe, 35-2. C,,H,,0O,N requires C, 50-2; H, 8-0; N, 5-3; OMe, 35-3%). 

Fraction (B) (glucose derivative) crystallised in fine needles, m. p. 187°; [a]j® — 21-5° 
in methyl alcohol (c, 2-48); yield, 0-8 g. (9:-4% of total) (Found: C, 50-2; H, 8-1; N, 5-2; 
OMe, 35-1%). 

2:4:6-Tvimethyl 3-acetamido-B-methylaliroside (III) was obtained when fraction (A) 
(0-48 g.) was methylated by three treatments with Purdie’s reagents. It distilled at 160° 
(bath temp.) /0-01 mm. as a viscid syrup which crystallised on trituration with ether. The 
crystals separated from ethyl acetate in large colourless prisms, m. p. 116°; [«]}” — 97-7° 
in chloroform (c, 3-52); [«]{° — 87-0° in water (c, 2-67); [«]}° — 83-0° in methyl alcohol (c, 
1:98). Yield, 0-3 g. (Found: C, 52:2; H, 8-5; N, 5-3; OMe, 44-4. C,,H,,0,N requires 
C, 52-0; H, 8-3; N, 5-1; OMe, 44-7%). This product was accompanied by a small amount 
of a mobile oil, b. p. 130° (bath temp.) /0-01 mm., the nature of which is being investigated. 
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Methylation of Fraction (B).—The methylation was accomplished by three treatments 
with methyl iodide and silver oxide, the presence of a litle acetone being advantageous. The 
product, 3:4: 6-trimethyl 2-acetamido-$-methyl-d-glucopyranoside (V), crystallised from 
ethyl acetate in needle clusters and showed m. p. 195—196°; [a]>” — 30° in water (c, 0-82, 
micro-tube) and [«]?” — 19° in chloroform (c, 1-86, micro-tube) (Found: C, 52-0; H, 8-4; 
N, 5:3; OMe, 44:4%). The substance showed no depression of m. p. in admixture with the 
N-acetyl trimethyl $-methylglucosaminide prepared by Cutler, Haworth, and Peat (loc. cit.) 
from natural glucosamine. The m. p. of a mixture of (II) and (IV) was ca. 164° (depression) 
and of a mixture of (III) and the product from glucosamine was 108° (depression). 

Acetylation and Methylation of Methyl epi-Glucosamine Hydrochloride.—3-p-Toluenesulphonyl 
triacetyl 6-methylglucoside was converted by the method of Bodycote, Haworth, and Hirst 
(loc. cit.) into methyl epi-glucosamine hydrochloride. The latter substance (0-35 g.) was treated 
in methyl-alcoholic solution (8 c.c.) with acetic anhydride (1 c,c.) and silver acetate (0-1 g.). 
After being shaken at room temperature for 12 hours, the solution was filtered and evaporated 
to small bulk at 30°. Addition of ether threw down a gelatinous precipitate, which was washed 
with ether to remove acetic anhydride, dissolved in methyl alcohol, and reprecipitated by the 
addition of ether. Repetition of this process gave a pure product, 3-acetamido-$-methyl- 
altroside, which crystallised in needles from methyl alcohol-ether; m. p. 169° (softening at 
166°); [a]?°° — 123° in methyl alcohol; yield, 0-27 g. This material (0-15 g.) was methylated 
by four treatments with methyl iodide and silver oxide (methyl alcohol was added as solvent 
in the first three methylations). The product separated from ethyl acetate—petrol in prisms, 
m. p. 116° and [«]}° — 81° in methyl alcohol (micro-tube). In admixture with the trimethyl 
3-acetamido-8-methylaltroside prepared as above described, it showed no depression of melting 
point. 
Tue A.E. Hrtts LABORATORIES, 

THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, December 9th, 1938.] 








60. Some Derivatives of Methylated Glucosamine. 


By W. O. CUTLER and S. PEAT. 


A study has been made of the relative stability towards acid of the a- and the 
6-form of each of the following: N-acetyl trimethyl methylglucosaminide, N-acetyl 
trimethyl benzylglucosaminide, N-benzoyl trimethyl methylglucosaminide, and N-benzoyl 
trimethyl benzylglucosaminide. With each pair there is observed an irreversible 
transformation of the $-form into the a-form under the influence of acid alcohol and 
possible explanations of the superior stability of the «-forms are discussed. 

The preparation of the «- and the 8-form of trimethyl methylglucosidyl-2-trimethyl- 
ammonium iodide is described and comment is made on the extreme stability of these 
quaternary ammonium iodides towards alkaline reagents and towards acid methyl 
alcohol. From the a-isomeride, trimethyl 2-dimethylamino-a-methylglucoside was 
prepared by distillation. This tertiary amine also was stable towards alkali. 





COMMENT was made by Cutler, Haworth, and Peat (J., 1937, 1981) on the unusual stability 
towards acid alcohol of the «-form of N-acetyl trimethyl methylglucosaminide. When 
either the «- or the 8-form of a methylglycoside is heated with methyl-alchoholic hydrogen 
chloride, there is established an equilibrium mixture of the two forms, but N-acetyl tri- 
methyl 6-methylglucosaminide is converted by the same reagent completely into the «-form 
and the conversion is irreversible. 

The question has been further investigated in regard to a series of N-acyl glucosaminides. 
In addition to N-acetyl trimethyl 8-methylglucosaminide (Ia; R= A = Me) we have 
prepared and examined the $-forms of N-acetyl trimethyl benzylglucosaminide (Ib; A = Me, 
R = CH,Ph), N-benzoyl trimethyl benzylglucosaminide (Ic; A = Ph, R = CH,Ph), and 
N-benzoyl trimethyl methylglucosaminide (Id; A = Ph, R = Me) and have found that each 
is converted in acid alcohol into the corresponding «-isomeride and that the change is 
irreversible. 

The superior stability of the «-forms might suggest that the irreversible 8 —-> « change 
is structural rather than configurational in character. Since it is only with glucosaminides 
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in which the amino-group is acylated that the irreversible 8—~> « transformation is 
observed, it would seem that, if the change is not simply a change of configuration on C,, 
it implies the chemical interaction of the glucosidic group with the N-acyl group. The 
most likely course for such interaction to take would be in the formation of an ortho-acid 
linkage. As it is now possible to represent derivatives of glucosamine by configurational 
formule (see preceding paper), the alternative modes of expressing the 8 —-> « change 
are (I) —~> (II) (configurational) and (I) > (III) (structural). That the §-forms can 
only be represented as true glucosides (I) follows from their mode of formation, whereby the 
glucosidic substituent is introduced into the molecule before the amino-group is acylated. 
The migration of the glucosidic radical, R, implied by the conversion of (I) into (III) is 
not improbable, for we have demonstrated that during the 8 —-> « change, the radical 
R becomes detached (at least momentarily) from the molecule.. Thus, in effecting the 
irreversible transformation of N-benzoyl trimethyl $-benzylglucosaminide (Ic) into the 
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a-isomeride, the reagent used is a 2% solution of hydrogen chloride in benzyl alcohol. 
When, however, methyl alcohol is used instead of benzyl alcohol as solvent, an exchange 
of benzyl and methyl radicals takes place and the product is not the a-benzyl derivative 
but N-benzoyl trimethyl «-methylglucosaminide. Furthermore, from the fact that no 
such exchange of radicals occurs when the «-form of N-benzoyl trimethyl benzylglucos- 
aminide is boiled with methyl-alcoholic hydrogen chloride, it follows that no tendency 
exists at all for the glucosidic radical, R, to separate when in the “‘ «’’ position or for the 
8 ——> a change to be reversed under the action of anhydrous acid. 

There is thus nothing inherently unreasonable in the description of the a-forms of 
N-acylglucosaminides as derivatives of ortho-acids (III). Nevertheless many ,facts are 
not in harmony with this conception. For example, the N-acyl «-glucosaminides do not 
show the properties characteristic of true ortho-acetates (cf. Haworth, Hirst, and Miller, 
J., 1929, 2469; Bott, Haworth, and Hirst, J., 1930, 1395), which are hydrolysed by 
aqueous acid with a velocity greatly exceeding the velocity of hydrolysis of a normal 
acetylated methylglycoside. In the amino-glucoside series the reverse is true. Whereas 
N-acetyl trimethyl «-methylglucosaminide is not substantially affected by boiling 0-01 
N-hydrochloric acid, the 8-isomeride (which is a true glucoside) is slowly hydrolysed with 
the partial loss of both the glycosidic methyl and the N-acetyl group. This point is not 
stressed, for there is an obvious alternative explanation of the difference in stability of 
N-acetyl a-methylglucosaminide and the ortho-acetate of methylmannoside, namely 
that it is the presence of the NH-group in the ring system of the former substance (III) 
which is responsible for the enhanced resistance to acid hydrolysis. 
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Again, if N-acetyl trimethyl «~-methylglucosaminide has the structure (IIIa), it is unlikely 
that the acetyl group would be detached by hydrolysis whilst leaving the glycosidic methyl 
intact. Yet this result is obtained by digestion of the glucosaminide with 7% methy]l- 
alcoholic hydrogen chloride, the product being trimethyl «-methylglucosaminide hydro- 
chloride (V). It is considered improbable that the glycosidic methyl is simultaneously 
removed and then replaced during this reaction, for the reason that it is impossible to 
form a methylglucosaminide by the action of methyl-alcoholic hydrogen chloride on either 
glucosamine or 3 : 4: 6-trimethyl glucosamine. The reverse change, the regeneration of 
N-acetyl trimethyl a-methylglucosaminide by the acetylation of (V), is also unlikely if 
the first-named substance has the constitution (IIIa). Nevertheless, this reaction proceeds 
with the greatest ease (Cutler, Haworth, and Peat, loc. cit.). 

Perhaps the most potent argument against the hypothesis of an ortho-acid structure 
in the a-forms is based on analogy with the behaviour of the equivalent derivatives. of 
3-amino-glucose (cf. Peat and Wiggins, J., 1938, 1810). The 8-form of trimethyl 
3-acetamido-methylglucoside (VI) is converted by methyl-alcoholic hydrogen chloride 
(1%) into the «-form (VII) and polarimetric observation of a solution of the pure «-isomeride 
in boiling acid alcohol shows that the transformation cannot be reversed. The analogy 
is complete and it is obvious that interaction between the N-acetyl group and the methyl- 
glycosidic group in (VII) is impossible on stereochemical grounds. 

The discussion set out here has been concerned with N-acylated glucosaminides. The 
nitrogen atom in these substances does not bear a charge and it is of some interest to find 
that the usual 8 —> a change does not take place in quaternary ammonium salts where 
the nitrogen atom bears a positive charge. We encountered substances of this type 
during an attempt to effect the de-amination of glucosamine by the method of Irvine and 
Hynd (J., 1912, 101, 1128). These authors experienced great difficulty in the methylation 
of the amino-group when £-methylglucosaminide was treated with methyl iodide and silver 
oxide in methyl-alcoholic solution. We have found that the methylation can be achieved 
with ease by the action of methyl iodide and silver oxide on triacetyl 6-methylglucos- 
aminide hydrobromide (VIII). Not only are methyl groups introduced into the amino- 
group, but the O-acetyl groups are replaced also by methyl groups and the product is 
trimethyl B-methylglucosidyl-2-trimethylammonium iodide (IX). 
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The quaternary iodide (IX) is not converted by methyl-alcoholic hydrogen iodide 
into the «-isomeride, but is recovered unchanged after boiling with this reagent. Tri- 
methyl a-methylglucosidyl-2-trimethylammonium iodide is prepared by the methylation, 
with Purdie’s reagents, of trimethyl a-methylglucosaminide. The «-form shows the same 
stability towards acid alcohol as is shown by the B-form. Extreme stability is also exhibited 
by these quaternary ammonium iodides towards alkali, for each form is recovered unchanged 
after prolonged boiling with either saturated barium hydroxide solution or aqueous sodium 
hydroxide. By distillation in a high vacuum, however, the iodide (a-form) is dissociated 
into trimethyl 2-dimethylamino-methylglucoside (X) and methyl iodide. The tertiary 
amine (X), like the iodides, is unaffected by strong alkali, its behaviour in this respect being 
remarkably different from that of the 2-dimethylamino-methylglucoside of Irvine and 
Hynd (loc. ctt.). 


EXPERIMENTAL. 


Tetrabenzoyl B-Methylglucosaminide.—Triacety] B-methylglucosaminide hydrobromide (1-0 g.), 
dissolved in 10% sodium hydroxide solution (40 c.c.), was shaken with benzoyl chloride (4 c.c.) 
for 12 hours (it was necessary to cool the mixture during the first } hour). Theinsoluble product. 
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was washed with water and dissolved in chloroform and the solution, after extraction with water, 
was dried over magnesium sulphate and evaporated. After two recrystallisations from ethyl 
alcohol, éetrabenzoyl B-methylglucosaminide was obtained in colourless needles, m. p. 182° (yield 
75%). It showed [«]}* + 18-7° in chloroform (c, 0-32) (Found: C, 68-8; H, 5-2. C,;H;,0.N 
requires C, 69-0; H,5-1%). This substance was unsuitable for methylation owing to the stability 
of the benzoyl ester groups towards alkali. 

N-Benzoyl Triacetyl B-Methylglucosaminide.—Triacetyl 8-methylglucosaminide hydrobromide 
(0-57 g.) in water (15 c.c.) was shaken at room temperature for 14 hours with benzoyl chloride 
(0-2 c.c.) and silver carbonate (0-4 g.). The mixture was shaken with chloroform, filtered, and 
the chloroform solution washed with water (4 times). Evaporation of the chloroform solution 
gave N-benzoyl triacetyl 8-methylglucosaminide, which was crystallised from ethyl alcohol. 
Yield, 0-61 g. The product was insoluble in water, ether, and carbon tetrachloride. It was 
easily soluble in chloroform and acetone. It had m. p. 222° and [a]#* + 29-6° in chloroform 
(c. 0-54) (Found: C, 56-8; H, 5-6; N, 3-3; O-acetyl, 30-9. C,).H,,0O,N requires C, 56-8; H, 
5-9; N, 3-3; O-acetyl, 30-6%). 

N-Benzoyl Trimethyl 8-Methylglucosaminide.—This was prepared by the methylation of 
the triacetate in acetone sclution with methyl sulphate and 30% sodium hydroxide solution. 
It separated from ethyl alcohol in long needles, m. p. 198°, [«]}?° + 29-6° in chloroform (c, 0-30) 
(Found: C, 60-2; H, 7-5; N, 4:5; OMe, 36-4. C,,H,,;0,N requires C, 60-3; H, 7-4; N, 4:2; 
OMe, 36-6%). The substance was insoluble in water or ether and easily soluble in alcohol, 
acetone, chloroform, and pyridine. It was recovered unchanged after boiling for 16 hours with 
10% aqueous-alcoholic sodium hydroxide. When boiled for 10 hours with 2% methyl-alcoholic 
hydrogen chloride, it was quantitatively converted into the a-isomeride (m. p. 162°). The 
N-benzoyl derivative was distinguished from the N-acetyl analogue in that the benzoyl group 
was not removed by boiling with 7% methyl-alcoholic hydrogen chloride. 

N-Benzoyl trimethyl a-methylglucosaminide was prepared in 95% yield by the action of 
benzoyl chloride on a solution of trimethyl «-methylglucosaminide hydrochloride in 20% 
aqueous sodium hydroxide. It had m. p. 162° and [a]}®* + 122-8° in chloroform (c, 0-648) 
(Found: C, 60-5; H, 7-5; N, 4:2; OMe, 37-00%). The substance was stable to alkali and to 
7% methyl-alcoholic hydrogen chloride. On boiling with the latter reagent no change in rotation 
occurred, showing that, as with the N-acetyl analogues, the change $-form ——> a-form is 
irreversible. 

Triacetyl «-Benzylglucosaminide Hydrobromide.—Acetobromoglucosamine (5 g.) was dissolved 
in benzyl alcohol (100 c.c.) containing 1% of anhydrous pyridine. After 12 hours, the solvent 
was removed by distillation at 80—85° (bath temp.)/0-03 mm. The residue, after extraction 
with cold ethyl acetate, was recrystallised from methyl alcohol—ether—petrol. The substance 
decomposed at 237—240° and showed [a]} + 24-2° in chloroform (c, 0-99) (Found: C, 47-7; 
H, 5-5; N, 2-7. Calc. for C,gH,,0,NBr: C, 47-9; H, 5-6; N, 2-9%). It was soluble in water. 

Tetra-acetyl B-benzylglucosaminide was prepared by the acetylation of triacetyl 6-benzyl- 
glucosaminide hydrobromide with acetic anhydride and silver acetate in dry methyl alcohol 
at room temperature. The product had m. p. 163° and [a]}’ — 38-3° in chloroform (c, 0-63). 
It was only slightly soluble in water (Found: C, 58-4; H, 5-7; N, 3:3; O-acetyl, 29-4. 
C,,H,,0,N requires C, 57-8; H, 6-1; N, 3-2; O-acetyl, 29-5%). 

N-Acetyl trimethyl B-benzylgiucosaminide was prepared from the tetra-acetate by treatment 
with methyl sulphate and 40% sodium hydroxide solution at 50° in the presence of carbon 
tetrachloride. Yield, 0-3 g. from 0-5 g. The compound had m. p. 174° and [a]}* — 36-2° in 
chloroform (c, 0-44) (Found: C, 60-8; H, 7:5; N, 3-8; OMe, 25-8. C,,H,,O,N requires C, 
61:2; H, 7:6; N, 3:9; OMe, 26-3%). It was slightly soluble in water and was recovered un- 
changed after boiling with 10% aqueous-alcoholic sodium hydroxide. 

Conversion into the a-isomeride. N-Acetyl trimethyl 8-benzylglucosaminide (0-15 g.) was 
heated at 75° with benzyl alcohol (25 c.c.) containing 2% of dry hydrogen chloride, the reaction 
being followed polarimetrically : [a]) — 29-6° (initial reading); + 57-5° (25 mins.); + 82-3° 
(50 mins.); -+ 102-1° (160 mins.); + 106-5° (34 hrs.); -+- 111-8° (5 hrs); + 118-2° (constant 
value, 7hrs.). The solution was now diluted with chloroform and neutralised with lead carbonate, 
and the solvents removed in a high vacuum. N-Acetyl trimethyl a-benzylglucosaminide, m. p. 
138°, was isolated in 75% yield (Found: OMe, 26-1%). The conversion was complete, no 
trace of the B-isomeride being detected. 

N-Benzoyl triacetyl B-benzylglucosaminide was obtained in 97% yield when triacetyl B-benzyl- 
glucosaminide hydrobromide (2 g.) was treated in water (100 c.c.) with benzoyl chloride (0-3 g.) 
and silver carbonate (0-6 g.). It had m. p. 216° and [a]}?° — 6-4° in chloroform (c, 1-24) (Found : 
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C, 62-2; H, 5-8; N, 2-8; O-acetyl, 26-0. C,,H,,O,N requires C, 62-5; H, 5-8; N, 2-7; O-acetyl, 
26-3%). The substance was soluble in acetone and chloroform, insoluble in water and carbon 
tetrachloride. 

N-Benzoyl trimethyl 8-benzylglucosaminide was prepared in the usual way by the methylation 
of the triacetate with methyl sulphate and sodium hydroxide in acetone solution. It showed 
m. p. 180° and [a] — 21-75° in chloroform (c, 0-23) (Found : C, 66-1; H, 7-3; N, 3-7; OMe, 
22-8. C,,;H,,O,N requires C, 66-3; H, 7-4; N, 3-4; OMe, 22-3%). It was insoluble in water 
and was recovered unchanged after boiling with alkali. Conversion into the «-isomeride was 
quantitatively effected by warming at 75° with 2% benzyl-alcoholic hydrogen chloride. The 
reaction was followed polarimetrically : []54g, — 39-8° (initial value); -+- 24-1° (10 mins.) ; 
+ 113-2° (60 mins.); -+ 134-5° (140 mins., constant value). N-Benzoyl trimethyl a-benzyl- 
glucosaminide crystallised from alcohol in needles, m. p. 184°; [a]? + 123-2° in chloroform 
(c, 0-50) (Found : C, 66-3; H, 7-0; N, 3-5; OMe, 22-8%). 

The Action of Methyl-alcoholic Hydrogen Chloride on the Benzylglucosaminides.—(a) N- 
Benzoyl] trimethyl «-benzylglucosaminide (29 mg.) was boiled with 2% methyl-alcoholic hydrogen 
chloride (30 c.c.) for 24 hours. No polarimetric change occurred ([a]p + 164°) and unchanged 
a-form (25 mg.) was recovered from the solution. 

(b) N-Benzoyl trimethyl §-benzylglucosaminide (0-10 g.) was boiled with 2% methyl- 
alcoholic hydrogen chloride (30 c.c.), and the following polarimetric changes observed: [a]p — 
26-9° (initial value); 0-0° (20 mins.); -+ 45-1° (1$ hrs.); -+- 62-7° (2-1 hrs.); + 92-5° (4 hrs.) ; 
+ 102-3° (5 hrs.); + 113-5° (7} hrs., constant value). The solution was neutralised with lead 
carbonate; the product, isolated in the usual manner, was N-benzoyl trimethyl a-methyl- 
glucosaminide m. p. 161° (alone or in admixture with an authentic specimen). Yield, 98 mg. 

(c) N-Acetyl trimethyl 6-benzylglucosaminide (0-21 g.) was boiled with 2% methyl-alcoholic 
hydrogen chloride (30 c.c.): [a]p — 34-4° (initial value); 0-0° (25 mins.); + 44-8° (1} hrs.) ; 
+ 77-5° (2-1 hrs.); + 106-2° (4 hrs.); + 112-1° (5 hrs.); + 117-6° (74 hrs., constant value). 
The product was a mixture of N-acetyl trimethyl «-methylglucosaminide (m. p. and mixed 
m. p. 150°) (yield, 152 mg.) and trimethyl a-methylglucosaminide hydrochloride, m. p. 237° 
(yield, 38 mg.). 

The Action of 0-01ln-Hydrochloric Acid on the Glucosaminides.—(a) N-Acetyl trimethyl 
B-methylglucosaminide (68 mg.) was heated on a boiling water-bath with 0-01n-hydrochloric 
acid (10 c.c.). The reaction was followed polarimetrically: [a], — 25-6° (initial reading) ; 
— 21-0° (2 hrs.); — 14-0° (6-3 hrs.); — 8-4° (10-5 hrs.); — 3-2° (16 hrs.); + 5-4° (244 hrs.) ; 
+ 13-1° (35 hrs.); + 14-1°(40hrs.). The solution now reduced Fehling’s solution and an estima- 
tion of iodine value showed that the glycosidic methyl had been removed. The very small 
value obtained in a van Slyke estimation of amino-nitrogen indicated that the N-acetyl group 
was still intact. After warming with alkali, the solution gave a positive Ehrlich reaction. 

(b) N-Acetyl trimethyl a-methylglucosaminide under the same conditions with 0-1% 
hydrochloric acid showed [a]p + 103° (initial reading); + 106° (24 hrs.); + 112° (9 hrs.); 
+ 115° (18 hrs.). The reaction was thus very slight, the increase in rotation being due probably 
to concentration of the solution. Fehling reduction, iodine value, and van Slyke estimation 
showed that very little hydrolysis of either the glycosidic methoxyl or N-acetyl had occurred. 
The Ehrlich test was negative. 

(c) N-Benzoyl trimethyl $-methylglucosaminide (98-8 mg.) in acetone (5 c.c.) and 0-02N- 
hydrochloric acid (5 c.c.) were heated on a boiling water-bath. The volume was kept constant 
by the addition of acetone: [a]p + 6-1° (initial value); + 10-1° (4$ hrs.); + 14-2° (8} hrs.) ; 
+ 24-3° (20 hrs.); -+- 29-3° (28 hrs.); + 33-4° (39 hrs.); + 43-5° (50 hrs.); + 44-5° (60 hrs.) ; 
+ 45-6° (80 hrs.). The solution (after removal of acetone) reduced Fehling’s solution and, 
after being warmed with alkali, gave a positive Ehrlich reaction. 

(d) N-Acetyl trimethyl 6-benzylglucosaminide with 0-01N-hydrochloric acid, carried out 
at the same time as (a): [a]p) — 30-5° (initial value); — 27-1° (2 hrs.); — 20-3° (6-3 hrs.) ; 
— 13-6° (10-5 hrs.) ; -+--3-4° (16 hrs.); + 13-6° (24-5 hrs.); + 20-3° (35 hrs.); + 22-1° (40 hrs.). 
The solution now reduced Fehling’s solution and, after warming with alkali, gave.a positive 
Ehrlich reaction. 

(e) N-Benzoyl trimethyl §-benzylglucosaminide (93 mg.), as under (c): [a]p — 34-4° 
(initial reading); — 23-7° (6 hrs.); —7-5° (20 hrs.); + 3-4° (30 hrs.); + 10-8° (40 hrs.) ; 
+ 18-2° (48 hrs.); + 25-8° (60 hrs.); + 26-9° (80 hrs.). The product was reducing to Fehling’s 
solution and gave a positive Ehrlich reaction after treatment with alkali. 

Methylation of Trimethyl a-Methylglucosaminide.—The methylated glucosamine (0-6 g.) 
was dissolved in methyl iodide (10 c.c.), and dry silver oxide (4 g.) slowly added. A vigorous 
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reaction ensued and cooling was necessary. Thereafter the solution was boiled for 12 hours. 
The methyl iodide was distilled, and the residue extracted with chloroform. Evaporation of the 
chloroform gave a syrup, which was dissolved in hot water, and the solution extracted repeatedly 
with chloroform. The aqueous solution was taken to dryness; the residue (0-77 g.), which 
crystallised on trituration with petrol, was recrystallised from chloroform-ether-—petrol. The 
product was trimethyl a-methylglucosidyl-2-trimethylammonium iodide. The m. p. was not 
definite (softening at 45°), [«]}?° + 119-1° in chloroform (c, 0-57) (Found: C, 39-0; H, 6-9; 
N, 2:9; O- and N-methyl, 25-8; ionised I, 31-3. C,;H,,0,;NI requires C, 38-6; H, 6-9; N, 
3-4; O- and N-methyl, 25-9; ionised I, 314%). The salt was soluble in water but insoluble in 
ether, hydrocarbons and carbon tetrachloride. It was recovered unchanged after boiling for 
14 hours with either a saturated solution of barium hydroxide or a 10% solution of potassium 
hydroxide. On distillation of the iodide at 160° (bath temp.) /0-03 mm., dissociation occurred ; 
the mobile oil which distilled (n?”* 1-4530) had the composition of trimethyl dimethylamino- 
methylglucoside (X) (Found: O- and N-methyl, 32-6. C,,H,;0,;N requires O- and N-methyl 
34-2%). It was non-reducing and contained no iodine. The tertiary amine (X) was recovered 
unchanged after boiling for 12 hours with either saturated barium hydroxide solution or 10% 
sodium hydroxide solution. 

Direct Methylation of Triacetyl 8-Methylglucosaminide Hydrobromide.—Digestion of this 
triacetate with methyl iodide and dry silver oxide was attended by de-acetylation and simul- 
taneous methylation, the product being trimethyl ®-methylglucosidyl-2-trimethylammonium 
iodide, m. p. 145°; [a]#” — 12-9° in chloroform (c, 0-70) (Found: O- and N-methyl, 25-8; 
ionised I, 31-2%). The usual transformation of the $-form into the «-form in acid alcohol did 
not take place with the quaternary ammonium iodide. The $-isomeride was recovered unchanged 
after boiling with 1% methyl-alcoholic hydrogen iodide. 

Action of Methyl-alcoholic Hydrogen Chloride on Trimethyl 3-Acetamido-a-methylglucoside.— 
The material (see Peat and Wiggins, loc. cit.) (0-10 g.) was boiled for 4 hours with 1% methyl- 
alcoholic hydrogen chloride. No rotation change occurred ([«]p + 162°) and the a-glucoside 
was recovered unchanged, m. p. and mixed m. p. 156°. Yield, 70 mg. 


The authors wish to express their gratitude to Professor W. N. Haworth, F.R.S., for his 
interest in this work and to Mr. L. F. Wiggins for carrying out the experiments with 3-amino- 
methylglucoside. 


Tue A. E. Hirtts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, December 9th, 1938.] 





61. Structure of a Condensation Product of 5-Methylcoumaranone. 


By WItson BAKER and R. BANKs. 


An extremely stable condensation product of 5-methylcoumaranone has been 
shown by molecular weight determination to be the benzene derivative (III). 


COUMARANONES containing the unsubstituted group -CH,°CO* readily undergo self-con- 
densation, two types of product having been recognised (Fries and Pfaffendorf, Ber., 1910, 
43,212; 1911, 44,114). The first type is bimolecular (as II or a modification thereof due 
to migration of a methylene hydrogen atom), and the second type, prepared from the first 
by further condensation, was assumed to be quadrimolecular and to contain a cycloocta- 
tetraene ring. The molecular weights of the compounds could not be determined owing to 
their very sparing solubility. 

Investigation of the condensation products of the readily accessible 5-methylcoumara- 
none (I) showed that, as with other simple coumaranones, treatment with sodium in ether 
gave the bimolecular product (II), isolated as its acetyl derivative, 3-acetoxy-5 : 5'-dimethyl- 
2 : 3'-dicoumaronyl, and that treatment of this acetyl derivative with hydrogen chloride in 
acetic acid gave a more complex, very stable, pink compound, (C,H,O),. The molecular 
weight of this compound was found by the modification of Rast’s method due to Carlsohn 
(Ber., 1927, 60, 473) ; eight determinations gave the average value of 340, but experiments 
with known substances of high molecular weight showed that a correction of approximately 
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35 units should be added to these results, bringing the average molecular weight to 375, 
in good agreement with the theoretical value, 390, for the trimeric formula (C,H,O),. 
The substance must, therefore, be s-tris-5-methyl-2 : 3-coumaronobenzene (III), this struc- 
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ture being in complete harmony with its remarkable stability (see below). The almost 
exactly similar analogues derived from coumaranone and 6-methylcoumaranone must also 
be regarded as derivatives of benzene, and not, as previously, of cyclooctatetraene. The 
production of termolecular (III) from bimolecular products (II) is known in other condens- 
ation reactions, for example, in the self-condensation of «-hydrindone to truxene (triben- 
zylenebenzene), and is always possible if the bimolecular condensation process is reversible. 


EXPERIMENTAL. 


3-A cetoxy-5 : 5'-dimethyl-2 : 3'-dicoumaronyl (Acetyl derivative of II).—5-Methylcoumara- 
none (II) (9 g.) (Fries and Finck, Ber., 1908, 41, 4278; owing to the different system of number- 
ing employed, the compound is there referred to as 4-methylcoumaranone) in dry ether (60 c.c.) 
was treated with sodium (1-5 g.) in small portions, refluxed for } hour, and the decanted solution 
treated with excess of acetyl chloride and poured into water. Evaporation of the ether left a 
solid, which was collected, washed, thoroughly triturated with methyl alcohol, and crystallised 
from alcohol (yield 5 g., m. p. 124°). After three further crystallisations from alcohol (charcoal) 
it formed fine, colourless needles, m. p. 127° (Found: C, 75-1, 75-1; H, 5-3, 5:1. Cy9H 4,0, 
requires C, 75-0; H, 50%). In concentrated sulphuric acid it dissolved to a bright cherry-red 
solution with a strong yellowish-green fluorescence. 

s-Tris-5-methyl-2 : 3-coumaronobenzene (III).—The once crystallised acetyl compound (1-5 g.) 
was heated at 100° for 8 hours in a sealed tube with acetic acid (15 c.c.) which had been saturated 
with hydrogen chloride at room temperature. The resulting solid was collected, washed with 
hot acetic acid, dried (0-5 g.), and crystallised from xylene. It formed small, pale orange-red 
needles which melted above 440° without decomposition but with considerable sublimation 
(Found: C, 83-1; H, 4:9. C,,H,,0, requires C, 83-1; H, 47%). Itdissolved on warming with 
concentrated sulphuric acid to a solution which slowly became deep brownish-green. 


Molecular Weight Determination.— 
Depression of 
Substance, g. Camphor, g. solidifying point. Mol. wt. 
0-0037 0-1220 3-5°, 3-7° 346, 328 
0-0039 0-1349 3, 3- 350, 330 
0-0035 0-1264 “1, 3 358, 358 
0-0042 0-1473 5, 3 325, 325 


Tue Dyson Prerrins LABORATORY, OXFORD UNIVERSITY. [Received, January 9th, 1939.) 





62. Halogen Derivatives of the Methyl Ethers of Orcinol, p-Orsellinic 
Acid and Phloroglucinolcarboxylic Acid. 
By C. T. Catam and A. E. OxForp. 


Conditions for the chlorination of methyl p-orsellinate dimethyl ether to its 2 : 6- 
dichloro-derivative are described. From the latter are prepared 2: 6-dichloro-3 : 5- 
dimethoxy- and 2: 6-dichloro-3-hydroxy-5-methoxy-p-toluic acids, 2: 6-dichloro-3 : 5- 
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dimethoxyterephthalic acid, 2: 6-dichloro-5-methoxy-m-cresol, and 2 : 6-dichloro-orcinol 
dimethyl ether. 2-Bromo-3 : 5-dimethoxybenzoic acid and methyl 3-chloro-2: 4: 6- 
trimethoxybenzoate also are described. 


In the course of work upon the constitution of the chlorine-containing mould metabolic 
products geodin and erdin (Raistrick and Smith, Biochem. J., 1936, 30, 1315; Clutterbuck, 
Koerber, and Raistrick, ibid., 1937, 31, 1089) it became necessary to synthesise 2 : 6- 
dichloro-3 : 5-dimethoxy-p-toluic acid (I; R = H) for comparison with an acid obtained by 
degradation of the above mould products. The chlorination of methyl #-orsellinate di- 
methy] ether (II) proceeded smoothly in carbon tetrachloride solution at room temperature 
in presence of excess of chlorine and a little aluminium—mercury couple as catalyst, to yield 
a dichloro-derivative, the structure of which was proved to be (I; R = Me) by hydrolysis 
to the acid, followed by oxidation of the methyl side chain by boiling alkaline potassium 
permanganate, a dibasic acid C,,H,O,Cl, being obtained. Since no chlorine is eliminated 
in the oxidation, it follows that both atoms are attached to the nucleus; hence the only 
possible structures for the original chloro-ester and the acid obtained by oxidation are 
(I; R-= Me) and (III) respectively. 


Me Me CO,H Me Me 

ci” NCI a’ Nc ci’ \cl cl’ cl 

MeOl JoMe McOl JoMe MeOl JOMe MeOl JOR MeOl JoMe 
SO,R S0,Me “0,H N 
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Alkaline hydrolysis of (I; R = Me) yields what is apparently a monobasic acid, 
Cy9Ho90,Cl,, which on crystallisation from water is converted wholly into the simple acid 
CipHy90,Cl, (I; R =H). The structure of the bimolecular acid is under investigation. 

Decarboxylation of (I; R= H) by 80% (by weight) sulphuric acid at 125—130° 
yielded 2 : 6-dichloro-5-methoxy-m-cresol (IV; R =H), which on methylation yielded 


2 : 6-dichloro-3 : 5-dimethoxytoluene (IV; R= Me). This compound (m. p. 133—134°) 
was proved by a mixed melting point determination to be identical with a specimen kindly 
supplied by Professor T. J. Nolan, University College, Dublin, who prepared the compound 
by the direct chlorination of orcinol dimethyl ether (unpublished work, private communic- 
ation), a method which of course cannot fix with certainty the orientation of both chlorine 
atoms. The dichloro-ester (I; R = Me), when similarly treated with sulphuric acid, gave 
also 2 : 6-dichloro-3-hydroxy-5-methoxy-p-toluic acid in fair yield. 

In an attempt to synthesise dihydroerdin trimethyl ether the nitrile corresponding to 
(I; R=H), vtz., 2: 6-dichloro-3 : 5-dimethoxy-p-toluonitrile (V), was prepared, but all 
attempts to link it with the orcinol nucleus by the Hoesch reaction with zinc chloride as 
catalyst, or with orcinol dimethyl ether with aluminium chloride as catalyst, failed. The 
latter catalyst apparently led only to complete demethylation of the nitrile. Similarly, all 
attempts to introduce a nitro-group, without alteration of the rest of the molecule, into the 
free position in (IV; R = Me) failed, as did attempts to link this compound with phthalic 
and 3 : 5-dimethoxyphthalic anhydrides by means of the Friedel-Crafts reaction (alumin- 
ium chloride as catalyst). It is clear, therefore, that the two methoxy-groups in (IV; 
R = Me) greatly influence the reactivity of the position between them, whether free or 
substituted [cf. Turner (J., 1915, 107, 1459) on the non-reactivity of 2 : 6-diethoxybenzo- 
nitrile towards Grignard reagents]. 

In connection with other constitutional work on a third chlorine-containing mould 
metabolic product, griseofulvin, C,,H,,0,Cl, isolated from the mycelium of Penicillium 
griseo-fuluum, it became necessary to synthesise methyl 3-chloro-2 : 4 : 6-trimethoxybenzoate 
for comparison with a substance obtained by oxidation of the metabolic product and sub- 
sequent methylation of one of the degradation products. The required chloro-ester was 
readily obtained in fair yield merely by treating the fully methylated phloroglucinol- 
carboxylic acid with the correct amount of chlorine in carbon tetrachloride solution, no 
catalyst being necessary. 
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2-Bromo-3 : 5-dimethoxybenzoic acid has been obtained in small yield by the alkaline 
permanganate oxidation of 2-bromo-orcinol dimethyl ether. 


EXPERIMENTAL. 


Methyl 2: 6-Dichloro-3 : 5-dimethoxy-p-toluate (I; R = Me).—To methyl #-orsellinate di- 
methyl ether (II) (20 g., m. p. 84—86°; Herzig, Wenzel, and’ Kurzweil, Monatsh., 1903, 24, 
896, give 80—84°) and the catalyst (1 sq. inch of aluminium foil dipped in half-saturated mer- 
curic chloride solution for 1 minute, then washed, and dried with filter-paper) was added carbon 
tetrachloride saturated with dry chlorine (200 c.c.), followed by a further quantity (300 c.c.) and 
then more pieces of the catalyst when the vigorous reaction had moderated. After 12 hours, 
the liquid was filtered and the solvent and the excess of chlorine were removed by distillation 
on the water-bath and finally by evaporation in a current of dry air. Yield, 28 g. after drying 
inavacuum. The product crystallised from light petroleum (b. p. 60—-80°) (20 c.c.) in colourless 
prisms (18-3 g.), m. p. 81—83°. A further quantity (2 g.) was obtained by evaporation of the 
mother-liquor to small volume. The m. p. was raised to 86—88° by repeated crystallisation 
from aqueous alcohol, from which the dichloro-ester separated in colourless, blunt-ended needles, 
readily soluble in alcohol, moderately soluble in light petroleum, and practically insoluble in 
water (Found: C, 47-5; H, 4:5; Cl, 25-65; OMe, 33-3. C,,H,,0,Cl, requires C, 47-3; H, 4-4; 
Cl, 25-4; 30Me, 33-3%). 

2 : 6-Dichloro-3 : 5-dimethoxy-p-toluic Acid (I; R = H).—A solution of the above ester (5 g.) 
in alcohol (30 c.c.) and 0-5n-sodium hydroxide (60 c.c.) was refluxed for 14 hours. After most 
of the alcohol had been removed by distillation in a vacuum, the liquid was acidified with dilute 
sulphuric acid; the oil obtained solidified to a crystalline mass (5 g.). Recrystallised from ethyl 
acetate—light petroleum, this formed short needles, m. p. 200—230° (decomp.), insoluble in cold 
water and in benzene but moderately soluble in ethyl acetate. Although fairly readily soluble 
in hot dioxan, it separated as a jelly on cooling [Found for air-dried material: C, 45-2; H, 4:1; 
OMe, 23-3; M (in camphor), 542. (C, 9H, ,0,Cl,), requires C, 45-3; H, 3-8; OMe, 23-4%; 
M, 530]. The substance thus appeared to be a polymeride of the expected acid C,)H,,0,Cl, 
(M, 265), but its equiv. (by titration) was low for a monobasic acid C,,H,,O,Cl, (Found: 444, 
453. Calc.: 530). After the substance had been dried at 100° in a high vacuum, the m. p. was 
235—237° (slight shrinking at 200°) and the equiv. was considerably greater than before [Found : 
loss in wt., 4:7, 40% ; equiv., 546, 538; M (in camphor), 526). 

Crystallisation of the above compound or of the crude hydrolysis product from a large 
volume of boiling water gave, almost quantitatively, fine long needles of the simple acid (I; 
R =H). Crystallisation was greatly facilitated by addition of a trace of dilute hydrochloric 
acid to the cooled liquid. The substance had m. p. 118—119°, raised to 121—122° by further 
crystallisations. It was readily soluble in benzene and very readily soluble in ethyl acetate 
(Found for a specimen sublimed in a high vacuum at 80—90°: C, 45-3; H, 3-9; Cl, 26-9; 
OMe, 24-2; equiv., 270. C,H, ,0,Cl, requires C, 45-3; H, 3-8; Cl, 268; 20Me, 23-4%; 
equiv., 265). 

2 : 6-Dichloro-3 : 5-dimethoxyterephthalic Acid (III).—A solution of the dichlorodimethoxy- 
toluic acid (I) (0-19 g.), m. p. 121—122°, in 0-1N-sodium hydroxide (20 c.c.) was boiled under 
reflux with dropwise addition of 5% aqueous potassium permanganate (4 c.c.). After further 
refluxing for 20 minutes, the mixture was cooled, decolorised with sulphur dioxide, and ex- 
tracted with ether. The acid obtained (0-17 g.) formed very small prisms, m. p. 235—237° 
(without apparent decomp.), from ethyl acetate-light petroleum. When it was heated with 
resorcinol, no fluorescein was formed (Found: Cl, 24-1; OMe, 20-3, 20-5; equiv., 145. 
C,9H,O,Cl, requires Cl, 24:05; 20Me, 21:0%; equiv., 147-5). 

2 : 6-Dichloro-orcinol Dimethyl Ether (IV; R = Me).—The crude dichlorodimethoxytoluic 
acid (7 g.) was heated with a mixture of water (50 c.c.) and concentrated sulphuric acid (110 c.c.) 
at 125—130° for 15 minutes with occasional shaking ; after } hour, an equal volume of water was 
added. The precipitated solid (after cooling) was collected and added to an ethereal extract of 
the acid filtrate from the reaction mixture, and the whole washed with sodium hydrogen carbon- 
ate solution, dried and evaporated. The crude decarboxylation product had m. p. 95—105°, 
raised by repeated crystallisation from hot water to 129—130°. The substance formed colour- 
less needles, was soluble in dilute sodium hydroxide solution, slightly volatile in steam, and was 
undoubtedly 2 : 6-dichloro-5-methoxy-m-cresol (IV; R =H) (Found: OMe, 15-0. C,H,O,Cl, 
requires OMe, 14-95%). It gave no coloration with ferric chloride. 

The bulk of the crude decarboxylation product was treated with excess of ethereal diazo- 
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methane without preliminary purification. After 12 hours, the solvent was removed, and the 
residue (3-9 g.) crystallised from light petroleum, yielding colourless needles, m. p. 133—134°, 
of 2 : 6-dichloro-orcinol dimethyl ether, readily soluble in alcohol, but only very sparingly in water 
or dilute sodium hydroxide solution (Found for a specimen sublimed in a high vacuum at 60— 
70°: C, 48-9; H, 4-6; Cl, 31-9; OMe, 28-2. C,H,,0,Cl, requires C, 48-9; H, 4-6; Cl, 32-1; 
20Me, 28-1%). 

2 : 6-Dichlovo-3-hydroxy-5-methoxy-p-toluic Acid.—The dichloro-ester (I; R= Me) (5 g.) 
was gradually heated to 125° with a mixture of concentrated sulphuric acid (60 c.c.) and water 
(30 c.c.), immediately cooled, and diluted with an equal volume of water; it was again cooled 
and extracted with ether. The partially demethylated acid, removed from the extract with 
sodium bicarbonate solution and repeatedly crystallised from aqueous alcohol, formed short 
needles, m. p. 202—203°, giving an intense violet colour with aqueous-alcoholic ferric chloride 
(Found: C, 43-2; H, 3-3; Cl, 27-9; OMe, 11-7. C,H,O,Cl, requires C, 43-0; H, 3-2; Cl, 
28-25; OMe, 12-35%). It yielded the original dichloro-ester when methylated with diazo- 
methane. 

The methyl ester, obtained by the hydrogen chloride method and crystallised several times 
from aqueous alcohol, formed long, colourless needles, m. p. 97°, which did not give any colour 
with ferric chloride (Found: C, 45-4; H, 3-7; Cl, 26-5; OMe, 22-7. C,9H,,0,Cl, requires C, 
45-3; H, 3-8; Cl, 26-8; 20Me, 23-4%). 

Attempts to nitrate the dichloro-ether (IV; R = Me) mostly resulted in oxidation without 
introduction of a nitro-group; e.g., 50% nitric acid at 100° gave a nitrogen-free substance, m. p. 
203—207°, and nitration in hot glacial acetic acid solution gave colourless needles, m. p. 120— 
122°, also free from nitrogen and not identical with the starting material; possibly 2 : 4-dichloro- 
resorcinol dimethyl ether (m. p. 118°). With concentrated nitric acid in acetic anhydride at 
0°, a yellow substance containing nitrogen was obtained, but was undoubtedly a nitrophenol 
(soluble in sodium hydroxide solution), one methoxy-group having been demethylated (Found : 
OMe, 14-5%). 

2 : 6-Dichloro-3 : 5-dimethoxy-p-toluonitrile (V) (With Dr. D. A. Woolley of Wisconsin Uni- 
versity).—The corresponding acid (I; R = H) (3 g.) was triturated with phosphorus penta- 
chloride (3 g.), and the resulting brown liquid kept for 15 minutes (thionyl chloride could also 
be used for the preparation of the acid chloride) and then poured into aqueous ammonia (d 
0-880; 100c.c.). The precipitated amide was collected, washed, and crystallised from aqueous 
alcohol, forming needles (2-45 g.), m. p. 167° (Found: N, 5-2. C,9H,,O,NCl, requires N, 5-3%). 
Attempts to prepare this amide by heating the ester (I; R = Me) with alcoholic ammonia in a 
sealed tube at 100° were unsuccessful. 

The amide (2-4 g.) was intimately mixed with phosphoric oxide (15 g.) and heated at 180° 
for 15 minutes. The mass, after cooling, was broken up and added to water (100 c.c.); the 
product was collected, washed, and crystallised from aqueous alcohol, forming long needles of 
2 : 6-dichloro-3 : 5-dimethoxy-p-toluonitrile, m. p. 124° (Found for a specimen sublimed in a high 
vacuum : C, 49-0; H, 3-7; N, 5-2. C,»H,O,NCl, requires C, 48-8; H, 3-7; N, 5-7%). 

Methyl 3-Chloro-2 : 4 : 6-trimethoxybenzoate.—Crude phloroglucinolcarboxylic acid (Skraup, 
Monatsh., 1889, 10, 724) was thrice methylated with excess of ethereal diazomethane; the 
product, after crystallisation from methyl alcohol, was insoluble in sodium hydroxide solution ; 
m. p. 65—67°. This methyl 2: 4: 6-trimethoxybenzoate (1-79 g.; 0-0079 g.-mol.), dissolved in 
carbon tetrachloride (25 c.c.), was treated with a solution of chlorine (0-562 g.; 0-0158 g.-atom) 
in carbon tetrachloride (7-2 c.c.); there was an immediate reaction, with production of heat and 
evolution of hydrogen chloride. After a few hours, the solvent was removed by a stream of dry 
air and the somewhat pasty product was dried in a vacuum over concentrated sulphuric acid, 
pressed on porous plate, and recrystallised from light petroleum. It formed clusters of elon- 
gated hexagonal plates, m. p. 126—128°, readily soluble in most of the usual organic solvents 
(Found: C, 51-1, 51-05; H, 5-1, 5-2; Cl, 13-2, 13-25; OMe, 47-2, 47-8. C,,H,,0,Cl requires 
C, 50-7; H, 5-0; Cl, 13-6; 4OMe, 47-6%). 

2-Bromo-3 : 5-dimethoxybenzoic Acid.—2-Bromo-3 : 5-dimethoxytoluene (0-13 g.) [Asahina 
and Fuzikawa, Ber., 1934, 67, 168; obtained by us by heating 2-bromo-p-orsellinic acid dimethyl 
ether at 200° (cf. Fuzikawa, Ber., 1935, 68, 75)] was refluxed with 0-1N-sodium hydroxide (15 c.c.), 
and 5% potassium permanganate solution slowly added until oxidation appeared to be complete 
(6 c.c. during 34 hours). The mixture was decolorised with sulphur dioxide and acidified, and 
the colourless, crystalline precipitate collected (0-05 g.). It formed square prisms, m. p. 208— 
210°, from aqueous alcohol (Found: C, 41:7; H, 3-6; OMe, 22-6; equiv., 263. C,H,O,Br 
requires C, 41-4; H, 3-5; 20Me, 23-8%; equiv., 261). The yield was not appreciably increased 
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by using sodium carbonate solution in place of the hydroxide. The methyl ester, readily ob- 
tained by means of ethereal diazomethane, formed parallelepipeds, m. p. 59-5—60-5°, from 
aqueous alcohol, readily soluble in cold light petroleum (Found: C, 43-8; H, 4:2; Br, 30-6. 
C1 9H,,0,Br requires C, 43-6; H, 4:0; Br, 29-1%). 


We gratefully acknowledge our indebtedness to Professor H. Raistrick, F.R.S., for his 
interest and help. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, December 6th, 1938.] 





63. The Quantitative Determination of Arsenic, in Organic and 
Inorganic Compounds. 


By Davin T. Lewis and Vivian E. Davis. 


Volumetric and gravimetric methods for the estimation of arsenic in organic and in 
inorganic compounds are described. The methods depend on the quantitative precipi- 
tation of the arsenic as uranyl ammonium arsenate, and in the gravimetric process, this 
compound is converted into black uranosic oxide, U;O,, which is weighed as such. 
Details of a modified Kjeldahl method for the rapid decomposition of organic arsenicals 
are given, the arsenic being then estimated as previously described. 


THE commonest method for the determination of arsenic depends on its precipitation as 
magnesium ammonium arsenate and ignition to the pyroarsenate (see Messinger, Ber., 
1888, 21, 2916; Warunis, Chem.-Zig., 1912, 36, 1205; Palmer and Dehn, Ber., 1901, 34, 
3596; Jacobs, Heidelberger, and Rolfe, J. Amer. Chem. Soc., 1918, 40, 1582); according to 
Puller (Z. anal. Chem., 1871, 10, 72), the temperature of ignition has to be carefully controlled 
to avoid volatilisation of arsenic. The anhydrous arsenate itself cannot be weighed owing 
to the difficulty of obtaining it in a constant composition. 

Volumetric methods for estimating arsenic generally depend on the titration of the 
arsenite solution obtained by the destruction of the arsenical organic compound under 
specified conditions (Gooch and Browning, Amer. J. Sci., 1890, 66, 11; Robertson, /. 
Amer. Chem. Soc., 1921, 43, 182; Morgan, J., 1909, 95, 1478; Rogers, Canadian J. Chem., 
1919, 3, 398. Ewins’s volumetric method (J., 1916, 109, 1356) gives fairly consistent re- 
sults after some experience of it, but otherwise, fading at the end-point of the titration 
causes difficulty. In view of the foregoing disadvantages in existing methods, an arsenical 
compound was sought which could be readily precipitated and ignited to constant weight. 
These requirements were fulfilled by the slimy gelatinous ammonium uranyl acetate, 
NH,UO,AsO,,nH,O, which was shown by Puller (loc. cit.) to be quantitatively precipitated 
by addition of a urany] salt solution to an arsenate solution containing excess of ammonium 
ions. This precipitate is soluble in mineral acids but completely insoluble in acetic acid, 
and can be obtained in granular form by precipitation from a hot solution of the arsenate. 
Puller weighed this precipitate after controlled ignition to uranyl pyroarsenate, which, 
however, readily undergoes further decomposition. 

The following volumetric and gravimetric methods are based on the quantitative for- 
mation of the ammonium urany] arsenate precipitate. 


EXPERIMENTAL. 


Volumetric Method.—To 50 c.c. of the arsenate solution containing approximately 0-4 g. 
of arsenic per 1., 10 c.c. of 4N-ammonium hydroxide are added, the solution is acidified with 
acetic acid until it smells faintly of the acid and is then heated to boiling, and 20 c.c. (excess) of 
0-ln-uranyl acetate solution are added. After several hours’ standing, during which the 
precipitate becomes coarser, the solution is filtered through a fine, quantitative filter, the filtrate 
is acidified with sulphuric acid, and the excess uranium determined with 0-05n-permanganate 
as described by Lundell and Knowles (J. Amer. Chem. Soc., 1925, 47, 2637). The volume of the 
titrated liquid should be about 300 c.c. and titration should be carried out in a large porcelain 
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dish, the liquid being kept well stirred; the masking of the end-point by the colour of the 
uranyl salt is thereby minimised, and, as Lundell and Knowles have shown, the uranous salt is 
not oxidised by the air, though the requisite oxidation of the over-reduced compound does 
occur. 

Disodium hydrogen arsenate was twice recrystallised from water, and the efflorescent 
crystals so obtained were carefully dehydrated at 220° to prevent formation of pyroarsenate. 
Solutions of this salt were analysed (Found: As, 40-3, 40-4, 40-2, 40-2. Calc.: As, 40-3%). 

The efflorescent crystals (H,O, 44-28%) were.also analysed, values of 22-61% and 22-7% 
being obtained, in good agreement with the calculated value, i.e., As, 22-46%. 

Gravimetric Method.—In the presence of nitrates, or of any other substances reduced by 
nascent hydrogen, the foregoing method of estimating the excess of uranium in the filtrate is 
inapplicable. An attempt was therefore made to determine the uranium in the precipitate, 
which is readily soluble in dilute sulphuric acid and may be reduced with zinc. Unfortunately 
the complete removal of the interfering arsenic as arsine was a long and tedious process, and 
the results obtained were not very concordant. 

A study of the residue obtained by ignition of the precipitate (in a fume chamber) was there- 
fore made, and it was found that the arsenic was completely volatilised, leaving a moss-green 
residue consisting mainly of U,O,, which was probably reduced to some extent by the carbona- 
ceous matter present. This residue dissolves readily in a few drops of concentrated nitric acid, 
yielding a yellow solution of uranyl nitrate, which on cautious evaporation and subsequent 
ignition decomposes readily to give a coal-black residue consisting wholly of U,Oxg. 

Moissan (Ann. Chim. Phys., 1896, 9, 264) prepared this oxide in a pure state by igniting 
the nitrate, though it is well known that it is formed from most urany] salts on strong ignition 
’ (cf. Berzelius, Ann. Phil., 1895, 9, 266; de Coninck, “‘ Recherches de l’Uranium,”’ Paris, 1911) : 
this fact renders this oxide a suitable form in which to weigh uranium. Jolibois and Bousset 
(Compt. rend., 1922, 174, 388) have shown that only a small fraction of the oxygen is lost even 
when this oxide is maintained for 3 hours in a vacuum at 1000°, and Lebeau (ibid., p. 338) 
confirmed its stability in air at high temperatures. We, too, found that the nitrate could readily 
be ignited to constant weight by a good Bunsen burner. 

Anhydrous disodium hydrogen arsenate and resublimed arsenious oxide were used as stan- 
dards in the following work. Considerable difficulty was experienced in oxidising arsenite to 
arsenate, even by boiling nitric acid, but a solution of potassium bromate added dropwise to 
the acidified arsenite solution at 70° rapidly effected oxidation. The arsenic trichloride used 
was decomposed with dilute potassium hydroxide, and similarly oxidised in acid solution. 
Excess ammonia was added to the arsenate solutions (sufficient ammonium ion is essential), 
followed by acetic acid, and precipitation was carried out as described above. The results were 
as follows (1 g. U;O, = 0-02668 g. As) : 


Sub- Wt. used, U,O,, As, %, As, %, Sub- Wt. used, U,O,, As, %, As, %, 

stance. g. g. found. calc. stance. g. g. found. calc. 
0-134 0-3800 75-54 75-72 Na,HAsO, 0-1110 0-1688 40:58 40-30 
0-2618 0-7435 75-98 ‘i 0-09759 0-1472 40-27 eo 
0-2842 0-4392 41-24 41-32 


Should the solut#en to be analysed contain both arsenite and arsenate, the simplest procedure 
is to titrate a known volume, acidified with hydrochloric acid, with 0-1N-potassium bromate in 
the usual way. The total arsenate in the resulting liquid may then be determined by precipi- 
ation as the uranium salt. An interesting qualitative distinction between arsenite and arsenate 
is that the former will not yield a precipitate with uranyl acetate in the presence of excess 
ammonium ion, whereas the latter is quantitatively precipitated. 

Gravimetric Determination of Organic Arsenicals—The organic compound may be decom- 
posed by the Carius method to arsenic acid, the tube washed out with ammonia, and the arsenic 
precipitated from acetic acid solution. Some of the organic arsenicals listed in the following 
table decompose spontaneously and explosively in contact with fuming nitric acid, and great 
care must be exercised during their introduction into the Carius tube and subsequent sealing. 
The following alternative method has yielded consistently good results with various arsenic 
derivatives and is more rapid and less dangerous than the Carius method. 

About 0-1—0-3 g. of the organic compound contained in an open tube is dropped into a 
Kjeldahl flask containing a cold mixture of 20 c.c. of concentrated sulphuric acid, 10 g. of 
potassium nitrate, and 0-25 g. of pure starch. The mixture is then gently warmed, and dense 
brown fumes soon fill the flask. The temperature is gradually increased, and boiling continued 

U 
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until all the oxides of nitrogen have been evolved and no trace of organic matter is seen in the 
flask. In the case of organic arsenical halides, the halogen is also volatilised during this process 
and assists in oxidation to the arsenate. The contents of the flask are then allowed to cool, 
about 40 c.c. of cold water are slowly added, and to the hot solution thus obtained a concen- 
trated solution of potassium bromate is added dropwise until the solution acquires the tinge 
of free bromine. The contents of the flask are then neutralised with concentrated ammonium 
hydroxide and filtered free from particles of glass, the filter-paper being well washed. The 
filtrate is acidified with acetic acid, heated to boiling, and excess of approximately 0-1N-uranium 
acetate solution added. A light yellow precipitate is formed after 3—4 minutes, and precipi- 
tation is completed by standing overnight. The precipitate is washed free from soluble salts, 
and the filter-paper containing it is pressed into a compact wad, placed in the bottom of a silica 
crucible, and strongly ignited over a Meker burner until all the carbonaceous matter has dis- 
appeared, the arsenic volatilising simultaneously. The residue is then moistened with a few 
drops of strong nitric acid and ignited to constant weight over an ordinary Bunsen flame for a 
few minutes: identical results were obtained whether this ignition was carried out in air or in 
a current of oxygen. 
Some typical results are given below : 


Substance. = 2 U;0,, g. As, %, found. As, %, calc. 
. _ 0-2546 32-10 32-30 
Cacodyl iodide . 0-4018 39-07 = 
p-Arsanilic acid : nto nb = ores 


*Phenyldiallylarsime «.....0..sssseeseeeeeseseee ences . 0-1447 31-36 31-99 
Phenyldi-iodoarsine cae red 18-45 


*Tri-8-methylallylarsine 0-1323 31-38 31-22 
*Phenyldi-f-methylallylarsine , 0-0838 28-74 28-58 

The authors are grateful to Professor W. J. Jones for his kindness in permitting the publi- 
cation of details of the analyses of the new arsenical derivatives (marked with an asterisk) 
which have been recently prepared in these laboratories, and for the encouraging interest he has 
taken in this problem, 


TaTEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, January 9th, 1939.] 





64. The Crystal Structure of Iron Enneacarbonyl. 
By H. M. PowE Lt and R. V. G. EWENs. 


By means of Patterson and Fourier analyses, the crystal structure of iron ennea- 
carbonyl has been determined. The structure differs from those proposed by Brill and 
by Sidgwick and Bailey. The molecular formula of the compound is Fe,(CO),; 
each iron atom is linked to three terminal carbonyl groups and the two iron atoms are 
joined by three >C—=O bridges. The magnetic properties of the substance are 
discussed. 


TuE problem of the structure of the metal carbonyls has been previously attacked by the 
methods of X-ray crystal analysis. Riidorff and Hoffmann (Z. physikal. Chem., 1935, B, 
28, 351) have given details for the hexacarbonyls, and Brill (Z. Krist., 1927, 65, 89) has 
published results for iron enneacarbonyl; he did not determine the atomic positions, and 
the structure (I) which he proposed for the compound does not completely specify the mode 
of linkage of the atoms in the molecule, since no attempt is made to distinguish carbon and 
oxygen atoms. Instead, carbonyl groups are represented by the small circles as spherical 
units. The constitution (II) has been suggested by Sidgwick and Bailey (Proc. Roy. Soc., 
1934, A, 144, 521). 

The compound Fe,(CO), has now been re-examined, and by means of Patterson and 
Fourier analyses it has been possible to determine the positions of the atoms in the unit 
cell and thus to find the correct constitution. 

The material was prepared by the method of Dewar and Jones (ibid., 1905, A, 76, 573), 
viz., through the action of light on iron pentacarbonyl, and was obtained in clusters of very 
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thin, yellow, hexagonal plates from which a few single crystals were separated. They were 
optically uniaxial with positive double refraction. Oscillation photographs about the a 
and c axes were taken, and a zero layer line Weissenberg photograph with rotation about 
the a axis was obtained with a regular hexagonal plate of side 0-2 and thickness 0-02 mm. 
For these photographs copper radiation from a Philips Metalix tube was used. Owing to 
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the extreme platy form of the crystals, it was impossible to obtain a satisfactory Weissen- 
berg photograph with rotation about the c axis. 

The unit cell dimensions deduced were a = 6-45, c = 15-98 A., and these, combined with 
the density 2-08, show that there are two molecules per unit cell. The photographs were 
indexed by the usual chart methods, and the Weissenberg photograph was used to provide 
a series of relative F’ values for the subsequent Fourier analysis. The relative intensities 
of the spots on this film were estimated by eye, by comparison with an intensity scale 
previously prepared by timed exposures to an X-ray beam. The results, divided by their 
appropriate Lorentz and polarisation factors, gave values of F’* for the spectra hOAl, and 
hence the magnitudes of the F’s. In Table I are listed the observed F’ values with the 
calculated values found later. No correction for absorption was made. 


TABLE I, 
F’, F, pn Py, Mi F’, F, 

Sin @. . calc. hOAI. Sin 6. obs. hOhl. Sin@. obs. calc. 
0096 52 —62 10110 0-497 0 3033 0-386 0 -ill 
0-193 —77 10111 0-543 0 3034 0-407 34 —39 
0-289 —58 10112 0-590 0 3035 0-432 0 1 
0-386 37 £—39 10113 0-637 ~=50 3036 0-460 26 24 
0-482 50 —35 10114 0-685 0 3037 0-492 o —1 
0-578 111 91 10115 0-733 0 3038 0-526 39 

0-675 85 —62 2031 0-244 3039 0-563 0 6 
0-771 38641 47 2032 0-258 * 30310 0-592 0 

0-119 52 —60 2033 0-279 : 30311 0-640 o -8 
0-239 53 =—5l1 2024 0-307 30312 0-680 42 55 
0-358 105 138 2025 0-339 4041 0-479 68 #=—652 
0-477 48 —45 2026 0-375 —24 4042 0-487 12 4 
0-597 43 —658 2037 0-413 54 4043 0-498 10 
0-129 62 —78 2038 0-454 27 4044 0-514 24 
0-153 29 24 2029 0-495 —10 4045 0-534 50 
0-187 0 17 20210 0-538 15 4046 0-558 —17 
0-227 30 23 2021f 0-581 —53 4047 0-584 —19 
0-269 75 61 20312 0-626 —31 4048 = 0-613 22 
0-313 37 £=x—33 20213 0-670 38 4049 0-645 2 
0-358 41 —45 20214 0-716 — & 5051 0-599 15 
0-404 10 20 3031 0-361 0 5052 0-605 18 
0-450 0 10 3032 0-371 —29 5053 0-614 —14 


For purposes of comparison the observed relative F’s, which were on an arbitrary scale, 
have been multiplied by a factor so as to give approximate agreement for planes of moderate 
intensity. Previous investigations have shown that visually estimated intensities are 
sufficiently accurate for purposes of structure determination by Fourier methods (e.g., 
Hughes, J. Chem. Physics, 1935, 3, 650). 
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The only systematic absence attributable to space-group symmetry was that of 000/ for 
1 odd, and the space-group may therefore be C63, C6,/m, or C6,2. The space-group C6/mmc 
—D,), chosen by Brill is incorrect, as shown by the presence on rotation photographs of 
hh2hi with 1 odd. In the absence of any pyroelectric effect detectable by the liquid-air 
method or of other evidence of polarity, C6, was rejected. 

The two space-groups C6,/m and C6,2 have the same two-fold and four-fold positions, 
in some of which the four iron atoms of the unit cell must be placed. Positions (c), (d), 
and (f) (nomenclature of International Tables), in which iron atoms would lie on the three- 
fold symmetry axes in 432 and $42, are found to be the only possible ones. These positions 
have the special additional absence of hkil if h — k = 3n and / is odd, and owing to the re- 
latively large contribution of the iron atoms to the intensities and the small chance of co- 
operation between the other atoms, spectra of the class mentioned should be very weak. 
Reference to Table I shows a complete absence of 303/ when / is odd in agreement with 
this, and the choice of positions for the iron atoms is therefore limited to the combination 

The position of the iron atoms was then determined more precisely by means of a 
Patterson analysis. For this purpose the F’*s corresponding to the F’s given in Table I 
were used as coefficients in the double Fourier series for P,,. The addition was carried 
out by the method of Beevers and Lipson. The resulting projection perpendicular to an 
a axis showed peaks corresponding to iron-iron separations in position (f), 432, etc., with z 
approximately equal to }. Since the projection of the structure perpendicular to an a 
axis belongs to the same plane group whichever of the two possible space groups is assumed, 
it is possible to proceed with the Fourier analysis without first deciding on the space-group. 
Relative electron densities were computed by the double Fourier series for e,,. The F’s 
of Table I were used as coefficients, and the signs were taken as those of the iron contrib- 
utions. The resulting electron-density projection, which contained all the essential features 
of the final projection reproduced in Fig. 1, showed from the disposition of the minor peaks 
that the carbon and oxygen atoms, concerning the positions of which no assumptions had 
been made, were located in one twelve-fold and one six-fold position each. The six-fold 
position with parameter z = } can only be (h) of the space group C6,/m with co-ordinates 
xy}, etc., where x is approximately } for both carbon and oxygen. The presence of the 
comparatively high peak on the line joining two iron atoms, and attributed to the over- 
lapping of one carbon and one oxygen atom, together with the more or less symmetrical 
arrangement of the other peaks about this line, cannot be explained if position (h), x 2x }, 
of C6,2 is assumed. The space-group is therefore C6,/m, and the remaining 12 carbon and 
12 oxygen atoms lie in position (7), xyz, etc., of this space-group. 

From this first projection the iron parameter was re-estimated, and probable parameters 
for the carbon and oxygen atoms were calculated from consideration of the projection itself 
and the type of molecule that it indicates for the compound. All the F’s were then re- 
calculated, but although there were profound changes in magnitude brought about by the 
introduction of the carbon and oxygen contributions, very few of the signs were altered. 
The Fourier summation was repeated with these changes of sign, and the atomic parameters 
re-estimated. There is necessarily some overlapping of the atoms as seen in the projection 
(Fig. 1), but this, considered in conjunction with the more complete resolution of the sym- 
metrically related atoms, helps to fix the positions of all the atoms. There are small 
discrepancies in the positions of peaks corresponding to atoms related by the symmetry, 
and although there is no doubt as to the structure of the molecule and the approximate 
lengths of the links, the detail of the projection is subject to some small errors. Apart 
from any errors due to visual estimation of intensities, a few of the F’s are necessarily 
incorrect owing to the abnormal absorption of the beam along a path in the crystal parallel 
to the very thin crystal plate, which takes place for one or two reflexions. 

The complete list of parameters is given in Table II. The values of z and z, may be 
found with considerable accuracy direct from the projection. It is clear from the pro- 
jection that the parts of the molecule are nearly symmetrical about a plane perpendicular 
to it and passing through the two iron atoms. There is, however, some indication that the 
molecule is rotated slightly out of this position, and a rotation of 3° about the three-fold 
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symmetry axis agrees well with the results and improves somewhat the intermolecular 
distances. Also the terminal Fe—C=0O arrangement of atoms appears linear, as would be 
expected; by assuming this to be strictly so, and inserting the most probable directions of 
lines joining these atoms, x, V2, ¥3,and yz were found. The parameters *, x1, y, y, may also 





Atomic positions to correspond with 
crosses in Fig. 1. 





























Relative electron density projected 
perpendicular to an a axis. 
Contours are drawn at arbitrary 
equal intervals, the lowest con- 
tours being omitted. The posi- General view of structure of 
tions of the lighter atoms are Fe,(CO),. Large circles, 
marked by crosses in upper part Fe; small open circles, O; 
of figure. small full circles, C. 








be estimated from the projection by making allowance for the slight rotation of 
the molecule. 

The centres of atoms corresponding with these parameters are indicated by crésses in 
the upper part of Fig. 1. This should be compared with Fig. 2, which shows one half of the 
molecule drawn to correspond with these crosses. 

In Table I are given calculated values of Fyo% based on the parameters of Table II. 
They are in good general agreement with the observed relative F’s. 





Powell and Ewens: 


TABLE II. 


Table of Parameters. 
4Fein(f): $2; $37; h+2; 34-2 
6Cin(h): #t; ¥,*—-y, 45 ¥— 4%, %, 85 WE YY — 435 *—y, 4%, FZ. 
6Oin (hk): 4%}, etc. i. ; 
12Cin(t): #229; Ver %2°- Var 223 Va — ¥a»¥ar29; FeVa22i Var Va — Xa» 20; ¥2 — Vor ¥%ar 22; F2Va 4 + 22; 
Var Va — %a & + 25 %e — Var Xa B29; %aVab — 22; Vor %2 — Va § — 22 Va — Xa Fe, 
— 2%. 

12 Oin (i): #325, etc. 

z= 0-173; * = 0-32, y = 0-86; x, = 0-315, y, = 0-055; x, = 0-35, y, = 0-43, 4, = 0-11; +, = 

0-36, ys = 0-285, z, = 0-07. 


DISCUSSION. 


The general character of the structure and the form of the molecule of formula 
Fe,(CO), may be seen from Figs. 2 and 3. It does not seem to have been realised that the 
molecular weight of this compound has never been measured, it being rather insoluble in 
solvents with which it does not react. Throughout the literature, however, it has been 
assumed that the above formula, and not a multiple of it, is the correct one. Since in this 
structure determination the only chemical assumption made is that the empirical formula 
is Fe,(CO),, the emergence of a molecule containing only two iron atoms is equivalent to a 
molecular-weight determination. 

There is a horizontal plane of symmetry through the molecule, and the two iron atoms 
are equivalent in every way. On the other hand, the carbon and oxygen atoms fall into 
two chemically and crystallographically distinct groups. The ends of the molecules are 
formed by three CO groups co-ordinated to each iron atom so that Fe<-C=O is 
linear. The remaining three CO radicals are not co-ordinated C = O groups but lie ina 
plane between the two iron atoms which are linked through each of the three carbon atoms. 
Since each central carbon atom is attached to two iron atoms, Fe, C, and O cannot be linear 
in this case, and the carbon must be attached to its oxygen by a double bond (Fig. 2). 


The relative heights of the peaks in the Fourier projection show that in both kinds of CO 
group it is the carbon atom that is linked to the metal. It has been assumed for some 
time that the CO groups in the metallic carbonyls are linked through the carbon atoms, 
but hitherto there has been no experimental evidence for it. 

The interatomic distances found are recorded in Table III. 


TABLE III. 


Intermolecular distances : Angle between (OC)—Fe 
“2 bonds 
O to O in terminal ‘65 Angle between Fe-C 
C=O groups 3 bonds 
“1 Angle between bonds of 
O to O between 3°25 
>C—O groups 3-65 
(The interatomic and intermolecular distances are correct to the nearest 0-05 a., and the bond angles 
are probably correct to -+- 4°.) 


The iron atoms appear to be six-covalent, having three co-ordinate links from donor 
C=0 groups and three covalencies with carbon atoms, and are formally in the ferric state. 
The six bonds are slightly distorted from a regular octahedral configuration. Between the 
three links of Fe to C=O the angle is 94°, and between the links to the central carbon 
atoms it is 78°. The angle between two bonds of a central carbon atom is 87°. These last 
two angles represent a compromise between an iron angle of 90° and a tetrahedral carbon 
angle. If the iron angle is increased beyond 78°, the carbon angle is decreased still further 
from the tetrahedral, whereas any increase of the carbon angle would compel a great 
decrease in the iron angle. Although great accuracy cannot be claimed for interatomic 
distances involving the lighter atoms, it will be seen that the interpretation given to the 
Fourier projection does lead to distances in accordance with expectation for the constitution 
proposed. Thus C=O and C=O are found respectively to be 1-15 and 13a. The 
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Fe-C distances 1-8 and 1-9 appear somewhat short, but they are in fair agreement with the 
Fe-C distance, 1-84 a., found by electron-diffraction measurements on iron pentacarbonyl 
(Ewens and Lister, unpublished). Similar metal-to-carbon distances, in every case less 
than the sums of the appropriate normal single-bond covalent radii, have been found in all 
the metal carbonyls of the transition elements so far examined (Brockway and Cross, 
J. Chem. Physics, 1935, 3, 828; Brockway and Anderson, Trans. Faraday Soc., 1937, 33, 
1233 ; Brockway, Ewens, and Lister, ibid., 1938, 34, 1350). 

The iron-to-iron separation in the molecule is only 2-46 A., a distance roughly twice 
the covalent radius of iron which, for ferric iron, may be slightly less than 1-23 A., the value 
given for ferrous iron (Pauling and Huggins, Z. Krist., 1934, 87, 205), but if, as this might 
suggest, there were a bond between the metal atoms, the iron would have to be quadri- 
valent. Short interatomic distances are, however, inevitable in polynuclear compounds of 
this type and have, in fact, been observed in a number of other cases. For example, in 
the tetrameric triethylarsinecuprous iodide (Wells, Z. Krist., 1936, 94, 447), 4-covalent 
copper atoms linked through iodine fall at the corners of a tetrahedron of side 2-6 4., 
separated therefore by a distance 0-1 A. less than twice the covalent radius (1-35) for tetra- 
hedral copper. The assumption that nearness of approach alone implies a chemical bond 
would lead in this case to the highly improbable view that copper formed three additional 
bonds in an awkward configuration. In the complex ion T1,Cl,* (Hoard and Goldstein, 
J. Chem. Physics, 1935, 3,199; Powell and Wells, J., 1935, 1008), which has a configuration 
closely resembling that proposed for iron enneacarbonyl, the thallium-to-thallium distance 
is 3-6 A., little more than twice the covalent radius (1-7). It appears, therefore, that atoms 
in the same molecule, not, however, linked by an ordinary bond, may in some circumstances 
approach to within a distance as little as twice the covalent radius. The examples quoted 
all involve metal atoms, and in no instance is the distance appreciably less than either 
twice the covalent radius or the distance apart of the atoms in the free metal. 

This close approach of the iron atoms may provide a clue to the magnetic properties 
of the enneacarbonyl. The substance is observed to be diamagnetic (Freundlich and Cuy, 
Ber., 1923, 56, 2264; Berkmann and Zocker, Z. physikal. Chem., 1926, 124, 318); on the 
above structure, both iron atoms are in the ferric state, so there should be one unpaired 
electron on each, and the substance might be expected to show a paramagnetic moment 
corresponding to two unpaired electrons. In the chloride of o-phenanthrolineferric diol 
(I) (Gaines, Hammett, and Walden, J. Amer. Chem. Soc., 1936, 58, 1668), each iron atom 


H 
O 

(o-phen), Fe KS Fe (o-phen), | Cl, = (I.) 
H 


has an effective atomic number of 35 (as in the enneacarbony]), and for one unpaired electron 
on each, this should correspond to a magnetic moment, for spin only, of 1-73 Bohr mag- 
netons per iron atom. The observed paramagnetic moment is 1-4 Bohr magnetons. In 
this case the iron atoms are probably about 2-7 A. apart, and the diminution of the moment 
must be attributed to this close approach. The still closer approach in the enneacarbonyl 
may well account for the total disappearance of the paramagnetic moment due to the com- 
plete coupling of the electron spins. The pairing of the electron spins does not necessarily 
mean bond formation. Thus thiobenzophenone and tetramethyl-p/’-diaminothiobenzo- 
phenone have properties characteristic of free radicals, and have been formulated as 


biradicals, R-C-S (Bergmann, Magat, and Wagenberg, Ber., 1930, 63, 2576; Hunter and 
Partington, J., 1933, 87), but they are diamagnetic in solution (Allen and Sugden, J., 1936, 
440), which suggests that in the biradical form the odd electrons have their spins paired. 

Intermolecular distances found in the structure are as a whole satisfactory. The 
separation between different pairs of the terminal triply-bound oxygen atoms is 3:1, 3-2, 
3-3, or 3-65 A., and for the central oxygen atoms, 3-25 or 3-65.A. A separation of 3-1 is 
somewhat short, but values as low as this have been observed elsewhere, ¢.g., in cyanuric 
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triazide (Knaggs, Proc. Roy. Soc., 1935, A, 150, 576) the terminal triply-bound nitrogen 
atoms in the N, groups are 3-1 A. apart. Any attempt to increase the distance between 
the nearest oxygen atoms in the structure now described by further rotation of the 
Fe,(CO), molecule about the trigonal axis leads to short distances between other oxygen 
atoms. 

In view of the results for iron enneacarbony]l, it follows that the arguments by which 
Sidgwick and Bailey (loc. cit.) assigned structures to the polymetallic carbonyls are in- 
adequate, and further structure determinations on these compounds are clearly necessary. 


DEPARTMENT OF MINERALOGY, UNIVERSITY MusEuM, OXFORD. 
Dyson PERRINS LABORATORY, OXFORD. [Received, November 14th, 1938.] 





65. Considerations of a Vapour Presswre-Temperature Equation, and 
their Relation to Burnop’s Boiling-point Function. 
By WituiaM H. BANKS. 


The constants A and B in the vapour-pressure equation log p = A — B/T have 
been examined. The approximate constancy of A is discussed. Heats of vaporisation 
calculated from B are shown to be related to the formula weight M by the approximate 
empirical equation log AH, = 4:93 — 4/M*. Burnop’s empirical function 8M*t + 
M log Ty is derived, and shown to be proportional to the formula weight, from which 
follows its additive nature. By the use of 4, as demanded by theory, rather than 
8 as the coefficient of M*, the apparent constitutive nature disappears. 


It is well known that the vapour pressures of most liquids can be represented with con- 
siderable accuracy over fairly wide ranges of temperature by Young’s empirical equation 
log # = A.— B/T, where A and B are constants for a particular compound. Indeed, 
much of the vapour-pressure data given in the International Critical Tables is represented 
in this form. Examination of these data brings out two facts: (1) that A is of the same 
order of magnitude for most compounds, variations being about 10%, and (2) that B 
shows a marked and regular trend with formula weight. It is the object of this paper to 
examine these facts and to show what bearing some of the considerations have on a certain 
empirical relation involving boiling point. 

The thermodynamic basis of Young’s relation may be considered as follows. For a 
substance whose vapour is assumed to behave as a perfect gas and whose molar volume 
in the liquid state is negligible in comparison with the volume in the gas state, we may 
write 

Slog, = (AH/RT?)8T . ...... (I) 

Here R is the gas constant, # the vapour pressure at absolute temperature JT, and AH 
the heat of vaporisation. The last is itself a function of temperature and can be expressed 
in terms of empirical constants a, b, etc., and the difference in heat capacity between the 
liquid and the vapour, A gC, (the value at T = 0°x. calculated empirically) : 

AH = AH, + AgC,T + 4aT*? + OT? +... 
Here AH, is the heat of vaporisation at the absolute zero, although a value so calculated 
from such an empirical relation obtained at much higher temperatures may not necessarily 
be identical with the true value, the error being dependent on the range of temperature 
over which the empirical relation is valid. Equation (1) is now integrated between the 
limits of at T and 1 atmosphere (760 mm.) at the boiling point 73, the necessity of 
considering a chemical constant being thus eliminated. We obtain 


log p = log 760 + AH,/2:303RT, — AH,/2-303RT + (A,C,/R) log T/T + « (2) 


The fourth and succeeding terms, which include temperature coefficients of AyC, and 
powers of (T — T,), may be shown to affect (2) by not more than 10% for not too great 
a temperature range. A survey of the literature indicates that for normal liquids 
AC, /R lies well within the limits of 1—10 units. However, even ifa value of 10 is assumed, 
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for a liquid boiling at 50° a range of 50° below this would give the fourth term as 0-7 unit, 
and for one boiling at 200° the same range below would give the value of 0-4. The succeed- 
ing terms are considerably less. 

For this reason it is possible to identify A in the Young equation with log 760 + 
AH, /2-303RT, with an accuracy of about 10% for not too large a temperature range. 
On the assumption that AH,/T3 is given by 87-8 (the value of Trouton’s constant in 
Joules/degree), its value is 7-46, a value very close to the individual values of A for many 
substances. 

Comparing B with AH,/2-303R, values of AH, (in Joules per mol.) have been calculated 
from the values of B given in the International Critical Tables (Vol. III), and in one or 
two cases from vapour-pressure-temperature data. The data are given in Table I, in 


49 


log AHg (Joules). 
RA A A A 
A HH 2A o& 


aA A A 
™ MS Ww 


A 
Ss 


0 0-7 0-2 
m2. 


which is indicated the range of temperature over which Young’s simple two-term equation 
is valid. For compounds which exhibit normal behaviour, as distinct from those repre- 


TABLE I. 


Substance. 1/M#. Temp. range. AH,. Substance. 1/Mt. Temp. range. AH,. 
— 174° to —163° 8517 C,H,Me 0-104 — 92°to + 15° 39198 

—160 ,, 14396 CH,Br ¢ 0-103 --— 70 ,, 28994 

—140 16207 C,H,Cl,(cis-) 0-102 23 7 29216 

—102 17053 C,H,Cl,(#vans-) ... 0-102 27 31006 

21372 C,H 0-100 63 37358 

19693 OPr, 0-099 34295 

19037 . 0-099 38133 

23025 0-094 42250 

21988 ° 0-093 39318 


23450 . 39221 
26262 ° 32430 


28210 C e) ; + 48955 
26319 ; 48670 
27691 CCl 0: 33914 
28952 . +170 44482 
28550  C,H,Cl 0- +145 39729 
33351 + 30 35334 
32295 . +150 38082 
31679 C,H,I ; + 18 43000 
31160 + 38 29357 


CH,°CO,Et* 0- ye 37077 
* Calculated from vapour-pressure-temperature data (International Critical Tables, Vol. ITI). 
+ Egan and Kemp, J. Amer. Chem. Soc., 1938, 60, 2097. 
Other data from values of A and B (International Critical Tables, Vol. III). 


sented by alcohols and acids, it has been found that a simple relation exists between the 


formula weight and the heat of vaporisation. 
The data are plotted in the figure, from which it is apparent that there is very approxim- 
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ately a linear relation between log AH, and the reciprocal of the root of the formula weight. 
A considerable scatter is observed for substances of greater weight, but the agreement is 
remarkably good for those of lower weight, and is striking in view of the temperature 
range. The line drawn in the figure is given by 


log AH, =493—4/M* . . .... . (3) 


and values of log AH, calculated from this equation rarely deviate by more than 10% 
from (and are usually less than 5% from) the observed value. It is doubtful whether 
any theoretical significance can be attached to this relation, since the heat of vaporisation 
would not be expected to be simply a function of mass. Furthermore, such a relation 
implies that isomeric substances have identical heats of vaporisation, which is of course 
not the case. On these considerations alone, the suggested relation is not claimed as other 
than an approximate rule. It can, however, be shown to lead to a number of generalis- 


ations which have been suggested. 
Recently, Burnop (J., 1938, 826) has shown that the empirical relation 


b = 8Mt + MlogTs 


is an additive function where M and Ty are the formula weight and the boiling point 
respectively. By examining a large number of compounds of different classes, he obtained 
values of 6 from which he derived atomic and structural values. This relation can be 
shown to follow from the empirical rule proposed above for the heats of vaporisation, and 
it appears that Burnop’s use of the boiling point is significant only in that it affords a com- 
parison of this function at temperatures corresponding to equal vapour pressures. The 
relation is perfectly general and holds for all temperatures so long as they correspond 
to a given vapour pressure. Such a conclusion is probably true for most empirical rela- 
tions involving boiling point. It has been shown that the vapour-pressure-temperature 
relation can be expressed quite accurately over a restricted temperature range by 


log # = log 760 + AH,/2-303RT, — AH,/2-303RT 
Transposing, and taking logarithms, we have 
log (log 760}+-[AH,/2-303RT, — log p) = logJAH, — log 2-303R — log T 
and substituting relation (3) for log AH», we have 
log (log 760 + AH,/2-303RT, — log p) = 4:93 — 4/M* — log 2:303R — log T 
Again, transposing and multiplying throughout by M, we have 
M{4-93 — log 2-303R — log (log 760/f + AH,/2:303RT,)} =4M*+ MlogT . (4) 


It has been pointed out above that log 760 + AH,/2-303RT, shows only a small 
variation from substance to substance. Since, however, the left-hand side of (4) involves 
the logarithm of log 760 + AH,/2-303RTx, it follows that for an arbitrarily chosen value 
of p the coefficient of M will remain sensibly constant for all normal substances. Relation 
(4) may then be written as «cM = 4M* + M log T, i.e., the right-hand side is a function 
which is proportional to the formula weight, the proportionality constant « being a function 
only of the arbitrarily chosen value of , the vapour pressure corresponding to T. It thus 
follows that such a function must be additive. Burnop’s relation, which is of the same form, 
is the special case where # = 1 atm. 

It will be noticed that the derived relation differs from Burnop’s in that the coefficient 
of M* is 4 instead of 8. It will be shown later by a few examples that the value 4 does 
give an additivity of the same order of accuracy. 

Table II shows the results of a test of this additivity at temperatures other than the 
boiling point. Data for two ethers, three esters, and two hydrocarbons have been inter- 
polated from vapour-pressure-temperature data given in the International Critical Tables. 
Values of 4M* + M logT are given under the heading of the compound and have been 
calculated from temperatures corresponding to vapour pressures given in col. 1. 

That the values are additive is shown by the increment for a CH, group given under 
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ACH,. These values are, at a given pressure, in good agreement for the three classes 
of compound. Furthermore, the: relation certainly holds over the wide pressure range 
760—100 mm. These facts are considered sufficient indication of the essential correctness 
of the theory. 

Now Burnop has shown that his function is constitutive and, in addition to atomic 
values, has calculated values for various constitutional features. For example, he finds 


TABLE II. 


p,mm, Et,0. ACH,. EtPrO. CH,°CO,Me. ACH,. CH,CO,Et. ACH,. CH,CO,Pr. CH, ACH,. C,H,. 


760 2185 41-4 259-9 221-1 40-6 261-7 41-4 303-1 48-8 41:3 90-1 
316-2 216-0 41-0 257-0 218-4 41-3 259-7 39-9 299-6 48-1 40-7 88-8 
199-5 2149 40-7 255-6 217-3 40-2 257-5 40-6 298-1 47-3 40:5 88-3 
100 §=213-1 40:5 253-6 215-7 39-7 255-4 40-6 296-0 47-5 40-3 87:8 


it necessary to assign a value of 16-1 to a double bond, and 17-6 to a six-membered ring. 
Clearly, the theory worked out above cannot account for constitutive influences. A 
recalculation of his data, however, clears up this difficulty and further establishes the 
theoretical relation. 

It has been shown that the function is proportional to the formula weight. The results 
of a recalculation of some of the data, using the theoretical function 4M* + M log Tg, 
are given under b’,,, in Table III. The ratio b’.,,/M = « is given in the last column, 
and it will be seen that this is remarkably constant, having a mean value of 2-99. The 
theoretical value can be calculated from (4), according to which 


a = 4-93 — log 2-303R — log (log 760/p + AH,/2-303RT3) 
TABLE III. 


Substance. D’catc.s 5’ obs. /M. Substance. D’ ops.» OD’ catc.. 5’ obs./M. 


Acetylenes : 
47-9 3-04 79:3 77-8 3-05 
89-7 3-00 2C* 121-3 119-7 = 3-03 
131-6 2-96 :C-CH,° 162-5 1616 3-01 
173-5 2-96 CH:C-[(CH,]_°CH, ... 202-8 203-5 2-99 
+ : Diolefins : 
‘ CH,:C:CH, 120-8 119-7 
CH,-CH’CH°CH, _... 161-6 
125-6 : CH,:CH-CH:CH:-CH, 203-5 
Pel ’ Alkyl chlorides : 
‘ CH,Cl 6 151-1 
251°3 . 6 193-3 
234-8 
83-8 , 
a. © C,H ‘3 233-3 
: 209-4 ‘ ‘9 275-2 3-00 
2 ~ : ‘1 317-1 3-00 
CH,-CH:-[CH,},°CH; : 251-3 P e * 359-0 3-00 
400-9 3-00 
Naphthalene ‘0 382-9 3-07 
Decahydronaphthalene 9 402-8 2-93 


and with the previously calculated value of log 760 + AH,/2-303RT, = 7-46 and = 
760 mm., « can be shown to be 2-98, which agrees well with the mean value obtained above. 

From the mean value, a few individual atomic values have been calculated, viz., H = 
2-99, C = 35-90, O = 47-84, Cl = 106-1, and by using these values, b’ has been calculated 
by an additive process, the results obtained being given in Table III under 0’,,,,. It is 
seen that they agree well with the observed values. Such agreement is important, especially 
so for those compounds which contain rings and double bonds, because it is here that 
constitutive influences, if present, should cause disagreement with theory. It thus appears 
that Burnop’s constitutive constants were a necessary outcome of his use of 8 as a co- 
efficient of M'. 


BATTERSEA POLYTECHNIC, S.W. 11. [Received, November 21st, 1938.] 








Bolam and Currie: 


66. Tonic Interchange in Sulphur Sols. Part IV. The Action 
of Multivalent Metallic Ions. 


By THomas R. BoLaM and ARCHIBALD B. CURRIE. 


The interchange between salt kations and hydrogen ions pertaining to the polythionic 
acid present in the micelles of sulphur sols has been investigated in the case of lithium 
chloride, barium chloride, and neodymium nitrate. It is found that the amount 
of replaced hydrogen ion is the same for all three salts at the respective ‘‘ threshold ”’ 
coagulating concentrations. This result is in harmony with the view that the degree 
of interchange at the coagulation point is independent of the nature of the coagulating 
kation. The relation of the interchange to the coagulation process is discussed. 

THE liberation of hydrogen ions from the micelles in sulphur sols by interchange with the 
kations of added salts has been investigated by Weiser and Gray (J. Physical Chem., 1935, 
39, 1163), who conclude that, in contrast to the behaviour of the alkaline-earth kations, 
thorium, neodymium, and aluminium completely coagulate the sol before the maximum 
displacement of hydrogen ion is attained. According, however, to the data of Bolam and 
Muir (J., 1933, 1022), aluminium displaces the same fraction of hydrogen ion as the alkali 
and alkaline-earth kations, under comparable conditions. Evidence has now been obtained 
that neodymium also is not exceptional. 


EXPERIMENTAL. 


Coagulation.—Colloidal (Raff6) sulphur was prepared as described by Bolam and Bowden 
(J., 1932, 2684), except that the sol was not dialysed. In one series of experiments, designed 
to ascertain the “ threshold ” coagulation values of the salts, equal volumes (2 ml.) of sol and 
salt solution were brought to 0°, mixed, and the coagulation of the sulphur examined either 
immediately, or after the mixture had been kept at 0° forsome time. Similar experiments were 
also carried out at room temperature (about 18°). A Zeiss nephelometer and a Pulfrich photo- 
meter were used to investigate the coagulation by measurement of the intensity of the light 
scattered by the sulphur in the mixture. For such measurement a portion of the mixture was 
placed in a 2-5-mm. deep, plane-sided, glass cell. The direct beam was passed through the ground- 
glass screen No. 4, and compared with the Tyndall beam after both had passed through the 
green filter L,. The data are given in Table I, where each nephelometric value (i.e., value of 
the so-called “ relative opacity ’’) represents a quite independent determination in the great 
majority of cases. As elsewhere, salt concentrations are expressed as milliequivs. of kation in 
1 1. of the mixture of sol and salt solution. 


TABLE I. 


Temperature = 0°. 


Nephelometric value. Nephelometric value. 








Concn. Ohr. }hr. Ihr. 
0-475 — 505 505 
<i e-ae 


lhr. Shr. Salt. 
be Na(NO,), 


+ Ome, 
504 


4 hr. 


505 


505 
551 
553 
592 


505 
553 


0-532 
0-549 
0-588 
0-667 


513 
512 
544 


719 
730 


Temperature = ca. 18°. 


500 — 

505 

505 

505 

505 — 505 
548 _ 548 
694 694 — 


1811 1811 1811 





[1939] Ionic Interchange in Sulphur Sols. Part IV. 297 


In another series of experiments, covering almost the whole range of coagulation, equal 
volumes (2 ml.) of sol and salt solution were mixed at room temperature, coagulated sulphur 
removed by filtration through a sintered-glass filter of the finest porosity (5/3), and the nephelo- 
metric value of the (uncoagulated) sulphur in the filtrate determined. Table II gives the data 
obtained. 

TaBLeE II. 


Temperature = ca. 18°. 


Cl i accident nnilii — 0-500 0-667 0-833 0-909 1-000 1-053 1-111 1-250 1-667 2-50 
Nephelometric f BaCl, 505 508 508 464 362 145 54 33-9 245 17-2 9-0 
value Nd(NO;), —  505* 504 (317) 244 847196 153 98 96 92 


* Unfiltered. 


Ionic Interchange.—Equal volumes (2 ml.) of sol and salt solution were mixed, and the mix- 
ture ultrafiltered at 0° by means of the apparatus described by Bolam and Bowden (loc. cit.). 
The bulk of the acid in 2 ml. of ultrafiltrate was neutralised by the addition of a known volume 
of 0-00627N-sodium hydroxide, and the remainder estimated by means of the quinhydrone 
electrode, the measurements being carried out in an air-thermostat maintained at 25-0° + 0-2°. 
Determinations with mixtures of hydrochloric acid and sodium hydroxide of known compo- 
sition showed that the concentration (in equivs./l.) of un-neutralised acid (c) was given, in 
general, to within 3%, by the formula E.M.F. (millivolts) = 446-1 + 59-llogc. It was found 
that the presence of the salts, at the concentrations employed, was without influence on the 
E.M.F. 

Table III contains the data for the sulphur sol, the total concentration (in milliequivs. /1.) 
of acid in the ultrafiltrate being given by the expression 1000[(2 + +)c + 0-00627%]/2, where 


TaBLeE III. 


Temperature = 0°. 
Total acidin Replacement Degree of 
# c ultrafiltrate value inter- 
Salt. Concn. (ml.). E.M.F. x 10. (m,-e./l.). (m.-e./1.). change. 
0-00 


— — 4-002 259-9 0-706 14-664 — 
260-0 0-710 14-676 
4-464 233-5 0-254 14-816 
233-0 0-248 14-797 
4-464 242-8 0-363 15-168 0-430" 
244-0 0-380 15-224 0-486 
4-649 180-6 0-032 14-682 * 0-453 
179-0 0-030 14-675 * 0-446 
4-464 243-5 0-372 15-197 0-459 
243-9 0-378 15-217 0-479 
4-649 192-3 0-051 14-744 * 0-515 
189-6 0-046 14-727 * 0-498 
4-464 242-2 0-356 15-146 (0-408) 
4-649 228-3 0-206 15-260 0-522 
227°8 0-202 15-247 0-509 
4-464 244-8 0-393 15-265 0-527 
244-4 0-386 15-243 0-505 
4-649 224-9 0-181 15-177 0-439 
225-7 0-187 15-197 0-459 
4-464 243-9 0-378 15-217 0-479 
244-3 0-385 15-240 0-502 
4-464 242-8 0-363 15-168 * 0-939 
244-1 0-382 15-230 * 1-001 
4-649 238-4 0-306 15-592 0-854 


x is the volume of alkali added. The “ replacement value’ is the amount of hydrogen ion 
liberated by ionic interchange, and is equal to the difference between the total acid in the 
ultrafiltrate from sol + water (mean value = 14-738 milliequivs./l.), and that from sol + salt. 
Some of the determinations (marked with an asterisk) were carried out after filtering the sol 
through an ordinary filter-paper, to remove coarse sulphur. As will be seen, a quantity of 
intermicellar acid was also removed, and the replacement values in these instances are deduced 
on the assumption that the total acid in the ultrafiltrate from sol + water was 14-229 milli- 
equivs./l. Since the interchange was undoubtedly complete in the case of 10-0 milliequivs. /1. 
neodymium nitrate, the degree of interchange is obtained by dividing the mean replacement 
value by 0-931. 
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In certain cases, nephelometric and replacement values were determined in the early stages 
of the work and redetermined near its conclusion, and the agreement obtained shows that no 
appreciable change occurred in the sol during the interval. 

Apparatus and Materials.—With the exception of the burette used for the addition of alkali, 
’ Pyrex or Jena-glass apparatus was employed throughout. The lithium chloride solution was 
prepared from twice recrystallised B.D.H. anhydrous salt, and standardised with silver nitrate. 
Good crystals of neodymium nitrate hexahydrate were obtained from B.D.H., and used without 
further purification. All other chemicals were of A.R. or “‘ AnalaR ”’ quality. 


DISCUSSION. 


In the case of the experiments in Table I, coagulation was accompanied by an increase 
in the nephelometric value, and could be detected in this way-even when no change was 
apparent to the unaided eye. It will be seen that at all concentrations of the salts the 
nephelometric value did not vary with time, from which it follows that any aggregation 
of the particles was rapid and gave rise to a stable suspension. As is well known, sulphur 
sols undergo fractional coagulation (Odén, Nova Acta Upsala, 1913, iv, 3, 156), the larger 
particles being coagulated by salt concentrations lower than those necessary to produce 
aggregation of the smaller particles. The present data therefore indicate that the coagu- 
lation of each fraction is a rapid process, becoming complete shortly after the addition of 
the coagulant. 

It is not possible to obtain comparable coagulation values by determining the con- 
centrations which produce any given increase in the nephelometric value, since this does 
not bear the same relation to the extent of coagulation in all cases. If the nephelometric 
values are plotted against salt concentrations, it is found that an approximately straight 
line is obtained in the region of coagulation, but that the slope of the neodymium nitrate 
line is definitely less than that for barium chloride. Assuming that any given nephelometric 
value uniformly represented the same degree of coagulation, it would follow that an in- 
crement in the concentration of barium chloride produced a greater amount of coagulation 
than the same increment in the case of neodymium nitrate. This, however, cannot be the 
fact, since the neodymium salt is clearly the more powerful coagulant (see Table II). It is 
evident that the nature of the aggregates varies from salt to salt, which would be antici- 
pated from observations on the properties of sulphur coagula (Odén, Joc. cit.; Weiser and 
Cunningham, “ Colloid Symposium Monograph,” 1928, 6, 319; Bassett and Durrant, J., 
1931, 2919). For all practical purposes, however, the sol may be said to possess the same 
degree of instability at the respective ‘‘ threshold values ’’ of the salts, t.¢., the concentra- 
tions which produce the first trace of coagulation, and hence just suffice to raise the nephelo- 
metric value above that for sol + water (= 505). Under these conditions any error due 
to differences in the state of aggregation will be negligibly small. 


TABLE IV. 


Temperature = 0°. 
Threshold value. Replacement value. Degree of interchange. 
150-0 0-453 0-49 
0-673 0-516 0-55 
0-500 0-470 0-50 


Table IV contains the threshold values obtained at 0°. The value given for lithium 
chloride may be somewhat low, but cannot be as great as 200 milliequivs./l., and that for 
the neodymium salf may be very slightly high. The corresponding data for the liberation 
of hydrogen ion are also given in Table IV, the figures for neodymium nitrate being deduced 
from the experimental data in Table ITI on the assumption that the replacement is directly 
proportional to the salt concentration. Justification for this assumption lies partly in 
that a very limited concentration range is involved, and also in that, at the degree of in- 
terchange in question, such proportionality has been observed in other cases. 

It will be seen that divergence from the mean value of 0-51 for the degree of interchange 
amounts to — 4% in the case of lithium, + 8% in that of barium, and — 2% in that of 
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neodymium. These variations must to a large extent be due to experimental error, and 
may be wholly so, since previous work (Bolam and Muir, loc. cit.; J., 1934, 754) indicates 
that lithium and barium produce the same amount of replacement under comparable 
conditions. No appreciable effect due to difference in the nature of the salt anion is to be 
expected. Odén (loc. cit.) found that the coagulation values of the nitrates of potassium, 
calcium, and barium were practically identical with those of the respective chlorides, and 
Freundlich and Scholz (Kolloid-Chem. Beth., 1922, 16, 234) showed that the coagulation 
value of barium chloride was very close to that of the nitrate. Bolam and Muir (loc. cit.) 
have also observed that the relation between interchange and coagulating action is the 
same for potassium chloride, potassium sulphate, ammonium chloride, and ammonium 
iodide, although the coagulation values differ considerably. 

The present data thus indicate that lithium, barium, and neodymium produce the same 
degree of interchange when present in concentrations which just suffice to coagulate the 
coarsest particles. According to Bolam and Muir (J., 1933, 1022), equivalence in inter- 
change is shown by potassium, rubidium, calcium, and aluminium, when compared at the 
point of complete coagulation, t.e., at the minimum concentrations required to coagulate 
the finest particles. These results support the view that, for any one sol, the amount of 
interchange which accompanies a given degree of coagulation is constant, being independent 
of the nature of the coagulating kation. On the other hand, Weiser and Gray (loc. cit.) 
maintain that, under comparable conditions, the interchange is exceptionally low in the 
case of multivalent metallic ions. Weiser and Gray studied the interchange in a well- 
dialysed Raff6 sol, and the replacement values given by them yield the following values 
for the degree of interchange at the point of complete coagulation: Ba = 1-0, Sr = 1-0, 
Nd = 0-65, Al = 0-69, Th = 0-58. 

It is difficult to give a satisfactory explanation of the lack of agreement. To some 
extent it may be due to the manner in which Weiser and Gray deduce their replacement 
values, since they ignore interchange of salt kations with those hydrogen ‘‘ counter ”’ ions 
which can be detected potentiometrically in the pure sol. If allowance be made for such 
ions, and Weiser and Gray’s estimate of their amount accepted, the degree of interchange 
for neodymium would be about 0-81 (instead of 0-65). The actual figure, however, is 
probably somewhat less than this, since Weiser and Gray assume that all the potentio- 
metrically active hydrogen ions in the pure sol are situated in the outer part of the electrical 
double layer of the particles, whereas it is almost certain that an appreciable proportion 
of them are due to the presence of unadsorbed polythionic acid in the bulk of the inter- 
micellar liquid. It may also be pointed out that there are certain apparent inconsistencies 
in the results of Weiser and Gray. According to their direct determinations of the amounts 
of salt kation taken up by the sulphur particles at the coagulation point, neodymium and 
barium were adsorbed to practically the same extent (0-68 : 0-71) in the case of one sol, 
whereas in that of another, the adsorption of neodymium was much less than that of 
barium (0-52: 0-74). Further, their data appear to indicate that in the case of a Selmi 
sol, neodymium shows greater replacing power than barium, but that the reverse holds in 
the case of a Raff6 sol, at least up to the point of complete coagulation by neodymium. 
In view of the very similar constitution of the two sols, this state of affairs is improbable. 

Verwey and Kruyt (Chem. Reviews, 1935, 16, 407; “‘ Symposium on the Dynamics of 
Hydrophobic Suspensions and Emulsions,” 1937, reprinted from Chem. Weekblad, 1938, 
35, 77) are of the opinion that, in general, the interchange plays no significant part in the 
coagulation process. This view is considered to receive strong support from certain 
experiments (Z. phystkal. Chem., 1934, A, 167, 312) which are regarded as showing that, 
in some cases, the concentration of salt required to produce complete coagulation of col- 
loidal silver iodide, stabilised by hydriodic acid, is much greater than that necessary to 
effect complete replacement of the hydrogen ions. Two recent investigations, however, 
suggest that Verwey and Kruyt’s interpretation of their data should be regarded with 
considerable reserve. In the first place, Weiser, Milligan, and Coppoc (J. Physical Chem., 
1938, 42, 427) have shown that silver iodide sol undergoes fractional coagulation, so that 
the small proportion of very fine particles present requires a much higher salt concentration 
for coagulation than does the great bulk of the colloid. Hence, since only a relatively 
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very small amount of hydrogen ion will remain unreplaced when the bulk of the sol has 
been coagulated, the interchange might appear to be complete, although not actually so, 
at a concentration much lower than that needed to coagulate the finest particles, i.2., to 
produce complete coagulation. In the second place, de Bruyn and Overbeek (Kolloid-Z., 
1938, 84, 186) have shown that in sols prepared by the method of Verwey and Kruyt, the 
replaceable ions are not exclusively hydrogen ions. In the sols actually examined, ions 
other than hydrogen accounted for one-quarter to two-thirds of the total amount of counter- 
ions. It follows that the replacement of hydrogen ion in such sols may be practically 
complete at a concentration of the coagulant much lower than that required to complete 
the interchange as a whole, which is the factor in question. 

In agreement with the results of previous work, the present investigation shows that in 
sulphur sols the degree of interchange is the same at concentrations of the various salts 
which produce the same degree of instability, although the equilibrium concentrations of 
the salt kations may differ very widely. As may be deduced from Table IV, while the 
degree of interchange is constant to within a few units %, the equilibrium concentration 
of the lithium ion (7.e., the concentration in the intermicellar liquid after interchange had 
taken place) is about 1000 times that of the barium ion, and about 5000 times that of the 
neodymium ion. It is therefore difficult to avoid the conclusion that in these sulphur 
sols the interchange exercises a predominating influence on the coagulation. The simplest 
explanation of this state of affairs is that the salt kations form some kind of neutral complex 
with the adsorbed polythionate anions, so that the surfaces of the particles are discharged 
to the same extent by salt concentrations producing the same degree of interchange. 
Presumably the forces involved in the formation of the surface complexes are those 
responsible for the ‘‘ adherence”’ or “ attachment” of counter-ions to the micelles of 
paraffin-chain salts (Hartley, ‘‘ Aqueous Solutions of Paraffin-Chain Salts,” 1936, 32; 
Trans. Faraday Soc., 1938, 34, 1284). 

In certain instances, ¢.g., the mineral-oil emulsions studied by Powis (Z. physikal. Chem., 
1915, 89, 186) and Limburg (Rec. Trav. chim., 1926, 45, 772), there is no evidence of even 
the existence of ionic interchange. It therefore appears necessary to distinguish between 
stabilisation due to the adsorption of specific ions, and stabilisation due to some other 
non-specific process (cf. Kruyt, Trans. Faraday Soc., 1935, 31, 31; Verwey, “ Colloid 
Symposium Monograph,” Joc. cit., p. 67; Usher, Kolloid-Z., 1935, 71, 177). Although the 
second of these factors is solely responsible for the stability of the oil emulsions, both will 
be operative in the case of colloidal sulphur. Hence, a reasonable interpretation of the 
behaviour of sulphur sols is that nullification of the stabilising influence of the adsorbed 
polythionate ions depends upon the attainment of a certain degree of interchange, which 
always requires a concentration of salt greater than that necessary to eliminate the other 
stabilising factor. Moreover, on the assumption that Kruyt and Verwey’s data for silver 
iodide sols are substantially correct, these systems may possibly be regarded as an inter- 
mediate case, the stabilising influence of the adsorbed iodide ions being removed by con- 
centrations of salts lower than those required to bring about actual coagulation. The 
interchange would thus play an essential, though minor, réle in the coagulation process. 
It is to be expected that, in general, the coagulation value will be the more obviously 
related to the degree of interchange, the greater the surface density of the adsorbed 
stabilising ions. 

UNIVERSITY OF EDINBURGH. [Received, December 22nd, 1938.] 





67. -Substitution in the Resorcinol Nucleus. Part III. 
2 : 6-Dihydroxy-3-ethylbenzaldehyde. 
By H. A. SHau and R. C. SHau. 


Application of Shah and Laiwalla’s modified Gattermann reaction (J., 1938, 1828) 
to methyl 2 : 4-dihydroxy-5-ethylbenzoate afforded methyl 2 : 4-dihydroxy-3-formyl-5- 
ethylbenzoate, which on hydrolysis and decarboxylation gave 2 : 6-dihydroxy-3-ethyl- 
benzaldehyde. 
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In continuation of the work described in Part I (Shah and Laiwalla, J., 1938, 1828) we have 
applied the Gattermann reaction to methyl 2 : 4-dihydroxy-5-ethylbenzoate (Sethna and 
Shah, J., 1938, 1067) and obtained methyl 2 : 4-dihydroxy-3-formyl-5-ethylbenzoate. The 
constitution of the aldehydo-ester follows by analogy with the aldehydo-ester obtained 
from methyl §8-resorcylate (Shah and Laiwalla, Joc. cit.) and from its reaction as an 
o-hydroxy-aldehyde with ethyl malonate and ethyl acetoacetate in presence of piperidine 
(Knoevenagel, Ber., 1904, 37, 4461). The Knoevenagel condensation products are formu- 
lated as methyl 5-hydroxy-3-carbethoxy-8-ethylcoumarin-6-carboxylate and methyl 5-hydroxy- 
3-acetyl-8-ethylcoumarin-6-carboxylate on account of their insolubility in aqueous alkali and 
their positive ferric chloride reaction. 

The aldehydo-ester on Clemmensen reduction afforded methyl 2 : 6-dihydroxy-5-ethyl- 
m-toluate, which gave on hydrolysis 2 : 6-dihydroxy-5-ethyl-m-toluic acid. 

Hydrolysis of the aldehydo-ester by the prolonged action of cold dilute alkali solution 
produced 2 : 4-dihydroxy-3-formyl-5-ethylbenzoic acid, which on decarboxylation afforded 
2 : 6-dihydroxy-3-ethylbenzaldehyde, a y-resorcylaldehyde derivative which dissolved in dilute 
alkali solution with a deep yellow colour (cf. Shah and Laiwalla, loc. cit.). 


EXPERIMENTAL. 


Methyl 2: 4-Dihydroxy-3-formyl-5-ethylbenzoate—To a mechanically stirred solution of 
anhydrous methyl 2: 4-dihydroxy-5-ethylbenzoate (10 g.; 1 mol.) in dry ether cooled by a 
freezing mixture, zinc cyanide (12 g.; 2 mols.) was added, followed by anhydrous aluminium 
chloride (13-4 g.; 2 mols.) in dry ether, and dry hydrogen chloride was passed in for 4$ hours. 
The mixture was kept at 0° for 24 hours, the ether decanted, and the aldimine hydrochloride 
washed with ether (3 x 30c.c.) and heated with water (100 c.c.) on a steam-bath for 20 minutes. 
On cooling, a brownish-red solid separated. Methyl 2: 4-dihydroxy-3-formyl-5-ethylbenzoate 
crystallised from alcohol (charcoal) in colourless needles (6-5 g.), m. p. 84—86° (Found : C, 58-8; 
H, 5-4. C,,H,,O, requires C, 58-9; H, 5-4%), insoluble in water, very sparingly soluble in. cold 
and easily soluble in hot alcohol and readily in benzene. It was easily volatile in steam, and 
gave a bright yellow colour in alkaline solution and a deep red colour with alcoholic ferric 
chloride. 

The 2 : 4-dinitrophenylhydrazone crystallised from glacial acetic acid in yellow needles, m. p.. 
253—254° (decomp.) (Found: N, 13-4. C,,H,,0,N, requires N, 13-9%), and the semicarba- 
zone in tiny colourless needles, m. p. 279—280° (decomp.) (Found: N, 14:7. C,,.H,,0;N; 
requires N, 14-6%). 

Methyl 5-Hydroxy-3-carbethoxy-8-ethylcoumarin-6-carboxylate.—Piperidine (4 drops) was 
added to a mixture of the aldehydo-ester (0-5 g.) and ethyl malonate (0-5 g.) cooled by a freezing 
mixture. Next day, on treatment with dilute hydrochloric acid, a pale yellow solid was ob- 
tained, which crystallised from alcohol in colourless needles (0-42 g.), m. p. 138° (Found: C, 
60-2; H, 5-2. C,,H,,O, requires C, 60-0; H, 5-0%), insoluble in dilute alkali solution. It 
gave a deep red colour with alcoholic ferric chloride. 

Methyl 5-Hydroxy-3-acetyl-8-ethylcoumarin-6-carboxylate.—Ethyl acetoacetate was substi- 
tuted for ethyl malonate in the preceding preparation. The red solid obtained crystallised 
from dilute alcohol in small yellow needles, m. p. 138—140° (Found : C, 62-7; H, 5-1. C,,H,,0, 
requires C, 62-1; H, 4:8%). 

Methyl 2 : 6-Dihydroxy-5-ethyl-m-toluate-—The aldehydo-ester (2 g.), dissolved in hot 
alcohol, was gradually added to a mixture of zinc amalgam (prepared from 25 g. of zinc dust; 
Robinson and Shah, J., 1934, 1497) and dilute hydrochloric acid (1:1; 50 c.c.) at 100°. From 
the filtered liquid and the unchanged amalgam, ether extracted a solid, which crystallised from 
xylene in thin colourless plates (1-5 g.), m. p. 164—166° (Found: C, 63-4; H, 6:3. C,,H,,O, 
requires C, 62-9; H, 6-7%). 

This ester (0-5 g.) was kept in contact with 20% sodium hydroxide solution (10 c.c.) for 50 
hours, and the clear solution then acidified with hydrochloric acid. The precipitated 2: 6- 
dihydroxy-5-ethyl-m-toluic acid, after purification by means of sodium hydrogen carbonate, 
crystallised from dilute methanol in colourless needles (0-25 g.), m. p. 244—246° (efferv.) (Found: 
C, 61-5; H, 5-8. Cy9H,,O, requires C, 61-2; H, 6-1%). 

2 : 4-Dihydroxy-3-formyl-5-ethylbenzoic Acid.—The aldehydo-ester (10 g.) was dissolved in 
15% sodium hydroxide solution (150 c.c.) and kept at room temperature for 72 hours. The 
acid, precipitated on acidification and purified as above, crystallised from methanol in long 
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stout needles (7-5 g.), m. p. 192—195° (efferv.) (Found: C, 57-3; H, 4:9. Cy gH 490, requires 
C, 57-2; H, 4:8%). 

2 : 6-Dihydroxy-3-ethylbenzaldehyde.—The foregoing acid (1 g.) and water (30 c.c.) were 
heated together in a sealed tube at 95—100° for 9 hours, and the red crystalline solid extracted 
with boiling water. The solution, on cooling, deposited tiny yellow needles (0-2 g.), m. p. 117— 
118° (Found: C, 64:2; H, 5-9. C,H,,O, requires C, 65-1; H, 60%). The aldehyde was 
sparingly soluble in cold water and dissolved in alkali solution with a deep yellow colour. It 
gave a dark brown coloration with aqueous or alcoholic ferric chloride. 


All the analyses recorded are micro-analyses by Dr. Schoeller. 


RoyYAL INSTITUTE OF SCIENCE, BomBay. [Received, January 9th, 1939.] 





68. Free Radicals and Radical Stability. Part III. Diphenyl- 
piperonylmethyl and Phenyl-p-anisyldiphenylylmethyl. 
By SypnEY T. BowpEN, WILLIAM E. Harris, and D. IDwAL RoBERTs. 


Diphenylpiperonylmethyl has been prepared for the purpose of ascertaining the 
influence of the methylenedioxy-group on radical stability. The free radical is reddish- 
orange in non-polar media and has the characteristic properties of the triarylmethyls. 
It is readily oxidised to the peroxide in air, absorbs iodine at the ordinary temperature, 
and suffers photochemical decomposition in sunlight. The thermodynamic stability 
of the radical is lower than that of 3 : 4-dimethoxytriphenylmethyl, and it is evident, 
therefore, that the stabilising influence of the methylenedioxy-group is less than that 
of two methoxyl groups in corresponding positions of the aromatic ring. 

Phenyl-p-anisyldiphenylylmethyl has been prepared in solution, but could not be 
isolated in the solid state. It is more deeply coloured than Schlenk’s diphenyl- 
diphenylylmethy] and is doubtless more stable, but the indirect method of molecular- 
weight determination could not be applied owing to the difficulty of purifying the 
corresponding chloride. 


In continuation of studies of the influence of the methoxyl group on the stability of the 
neutral triarylmethyl complex (Part II; this vol., p. 33), we have now examined the 
influence of the methylenedioxy-group by comparing the stability of the radicals 3: 4- 
dimethoxytriphenylmethyl (I) and diphenylpiperonylmethyl (II). 
H,C-O H,C—O 
(I. HCO >—CPh- cPh,- (1) 


Diphenylpiperonylmethyl chloride is obtained by the action of acetyl chloride on the corres- 
ponding carbinol, and may be reduced to the radical by means of mercury or silver. The 
solution of the radical is yellowish-red, and the colour is discharged on exposure to direct 
sunlight. The photodecomposition, however, proceeds less rapidly than with triphenyl- 
methyl (Bowden and Jones, J., 1928, 1149). In solution the radical rapidly absorbs 
oxygen, but the main reaction involving the formation of peroxide is followed by a further 
complex oxidation process, as with the polymethoxytriphenylmethyls. It is evident, 
accordingly, that the presence of methoxyl groups increases the reactivity of the peroxide 
towards oxygen. Despite the enhanced susceptibility of the primary peroxide to further 
oxygen attack, the yield of crystalline derivative is generally higher than that obtained 
in the oxidation of triphenylmethyl. Gomberg (Ber., 1904, 37, 3542) has shown that two 
reactions occur during the oxidation of triphenylmethyl, one involving the production 
of crystalline triphenylmethyl peroxide and the other the formation of an isomeric deriva- 
tive, which may be isolated as an oil from the oxidised solution. Since the yield of crystal- 
line polymethoxytriarylmethyl peroxide is higher than that of triphenylmethyl peroxide, 
it is evident that the presence of methoxyl groups tends to inhibit the reaction leading 
to the formation of the isomeric derivatives. 
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The thermodynamic stability of diphenylpiperonylmethy] is slightly lower than that of 
3 : 4-dimethoxytriphenylmethyl. .In comparison with the effect of two adjacent methoxyl 
groups, the methylenedioxy-group causes a slight repression of the electromeric effects 
responsible for the stabilisation of the electronic septet of the methyl carbon atom (Burton 
and Ingold, Proc. Leeds Phil. Soc., 1929, 1, 421; Ingold, Trans. Faraday Soc., 1934, 30, 
52). 

The influence of the methoxyl group in other free radicals was studied by Ziegler and 
Ochs (Ber., 1922, 55, 2257), who found that the substitution of methoxyl groups in the 
o- or p-positions of the phenyl nuclei in diphenyl(diphenylallyl)methyl leads to enhanced 
radical stability. Gomberg and McGill (J. Amer. Chem. Soc., 1925, 47, 2392) had pre- 
viously found that phenyl-o-anisyl-«-naphthylmethyl exists almost entirely in the uni- 
molecular condition, whereas diphenyl-«-naphthylmethyl is stable to the extent of 60% 
under similar conditions. Since the substitution of methoxyl groups in the above radicals 
leads to practically complete stability, it is not possible to estimate the actual contribution 
of the methoxyl group. In order to obtain a measure of this particular contribution to 
the stabilising effect, we selected for examination the radical phenyl-p-anisyldiphenylyl- 
methyl, so that its stability could be compared with that of Schlenk’s diphenyldiphenylyl- 
methyl, which exists in the unimolecular condition to the extent of 15%. Although there 
was no difficulty in preparing the corresponding carbinol, the oily chloride could not be 
crystallised, and so we could not use the indirect method of determining the molecular 
weight of the radical. The chloride gave a deep red solution of the radical on reduction 
with silver; and since, in so far as this series is concerned, the colour is displaced towards 
the red with increasing stability of the radical, it may be inferred that the radical stability 
is higher than that of diphenyldiphenylylmethyl. Although the radical could not be 
isolated in the crystalline condition, its presence in solution was proved by measurements 
of the oxygen absorption and by isolation of the crystalline peroxide. 


EXPERIMENTAL. 
Diphenylpiperonylmethyl. 

Diphenylpiperonylcarbinol.—Methyl1 piperonylate was prepared by a slight modification 
of Oertley and Pictet’s method (Ber., 1910, 43, 1336). A suspension of the pure acid (25 g.) 
in methyl alcohol (300 c.c.) was saturated with dry hydrogen chloride and kept overnight 
in a tightly stoppered bottle. The clear solution was concentrated to half bulk by distillation, 
and the ester precipitated by pouring the solution into ice-water. After being washed and 
dried, the ester was recrystallised from methyl alcohol; m. p. 53°; yield 80%. 

To a filtered solution of phenylmagnesium bromide (bromobenzene, 38 g.; magnesium, 
6 g.), methyl piperonylate (20 g.) in dry ether (70 c.c.) was added during 3 hours. After 6 hours’ 
heating on the steam-bath, the solution was hydrolysed, and bromobenzene and diphenyl 
removed in steam. The yellow, resinous solid was washed with dilute sodium hydroxide 
solution and with water, and dried intheair. After successive trituration with carbon disulphide 
and light petroleum, diphenylpiperonylcarbinol was obtained solid, m. p. 105° after repeated 
crystallisation from alcohol (Found : C, 79-0, 78-75; H, 5-45, 5-35. C,9H,,O, requires C, 78-9; 
H, 5-3%). The halochromic salts are crimson, and the carbinol dissolves in liquid sulphur 
dioxide to form a pink solution. 

Diphenylpiperonylmethane.—The carbinol was reduced by heating with zinc dust and 
acetic acid; the methane, precipitated from the filtered solution by water, crystallised from 
alcohol in white rosettes, m. p. 65° (Found: C, 83-2; H, 5-6. (C,9H,,O, requires C, 83.3; 
H, 5-6%). 

Diphenylpiperonylmethyl Chloride.—The above carbinol was covered with a mixture of ether 
and light petroleum and treated with 2-5 mols. of redistilled acetyl chloride in an apparatus 
protected against intrusion of moisture. The mixture was boiled for 15 minutes, and the red 
solution then concentrated to half bulk. Pale yellow crystals of the chloride were deposited 
from the solution cooled ina freezing mixture. After recrystallisation from ether-—light petroleum 
in an atmosphere of dry air, it had m. p. 105° (Found: Cl, 10-8, 10-95. C,9H,,0,Cl requires 
Cl, 110%). This chloride was also prepared by passing hydrogen chloride into a benzene 
solution of the carbinol in the presence of anhydrous calcium chloride, but the product was 
difficult to purify. ; 
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The substance forms a number of halochromic derivatives with certain inorganic halides. 
The addition compound with ferric chloride was prepared by treating an ethereal solution of 
diphenylpiperonylmethyl chloride with a similar solution of anhydrous ferric chloride. The 
deep red solution deposited brownish-red crystals, which were washed with ether and dried 
in a vacuum over soda-lime and paraffin wax; m. p. 145—146° (Found: Cl, 29-1. 
Cy 9H,,0,Cl, FeCl, requires Cl, 29-25%). Similarly, the compound with zinc chloride was obtained 
as dark red, extremely hygroscopic crystals (Found: Cl, 22-8. C, 9H,;0,Cl,ZnCl, requires Cl, 
23-2%), the mercuric chloride complex as a dark red, crystalline mass (Found: Cl, 18-1. 
C.9H,,0,Cl, HgCl, requires Cl, 17-9%), and the stannic chloride complex as red crystals (Found : 
Cl, 36-6. Cy 9H,,0,Cl,SnCl, requires Cl, 36-7%) (reaction in benzene afforded an oil). 

Diphenylpiperonylmethyl Bromide.—Prepared analogously to the chloride, the bromide 
separated from solution in pale yellow crystals, which, recrystallised from light petroleum, had 
m. p. 121° (Found: Br, 22-2. C,,H,,O,Br requires Br, 21-8%). When its ethereal solution 
was mixed with one of mercuric bromide, a very hygroscopic, dark red addition compound was 
immediately precipitated (Found: Br, 32-6. C,9H,,O,Br,HgBr, requires Br, 33-0%). 

Diphenylpiperonylmethyl Peroxide.—An ethereal solution of the chloride was shaken with 
a large excess of mercury in the absence of air for 6 hours. The orange-red solution was siphoned 
from the precipitated mercurous chloride, and the free radical oxidised in a current of air. Dur- 
ing this process the orange-red colour changed to a pale yellow, and the peroxide was precipitated 
as a white crystalline solid; yield, 65%. After rapid recrystallisation from benzene in an 
atmosphere of carbon dioxide, it had m. p. 173° (Found: C, 79-05; H, 4:9. C, gH.,O, requires 
C, 79-2; H,5-0%). The peroxide is moderately readily soluble in benzene, but practically in- 
soluble in alcohol, ether, and light petroleum. Although formic acid dissolves the carbinol with 
formation of a red solution, no colour is produced in the case of the peroxide. Perchloric acid 
likewise causes only slight coloration of the peroxide, but with concentrated sulphuric acid a 
deep red colour is developed comparable with that produced by the carbinol. 

Absorption of Oxygen by the Radical.—The amount of oxygen absorbed by the free radical 
in bromobenzene solution was measured at 18° according to the procedure described previously 
(Part II, loc. cit.). The results of typical experiments, in which the free radical was prepared 


by reduction of the chloride and bromide severally, are given below. 


Experiment 1. 


Weight of diphenylpiperonylmethyl chloride, 0-4234 g.; reducing metal, silver; theoretical 
absorption, 14-7 c.c. (N.T.P.). 
50 80 120 160 180 240 300 
5-6 7:8 10-5 12-3 13-1 13-9 14-6 
73-0 84-1 89-4 94-2 99-8 


Time (seconds) 

O, absorbed (c.c.) ... 
Absorption, % . 38-0 54-2 
Experiment 2. 

Weight of diphenylpiperonylmethyl bromide, 0-7802 g.; reducing metal, mercury; theoretical 
absorption, 23-8 c.c. (N.T.P.). 

10 min. 10 days 20 days 40 days 
O, absorbed (c.c.) 22-5 51-5 59-9 72-0 
Absorption, % 97-5 223 259 312 
After the initial, rapid oxidation of the radical, the primary peroxide undergoes a slow oxidation 
process involving the absorption of 2 mols. of oxygen during 10 weeks. 

Absorption of Iodine.—The free radical was prepared in air-free benzene by reduction of the 
chloride by silver in a flask provided with two side-tubes. The vessel was filled under carbon 
dioxide, and after the side-tubes had been sealed, the mixture was shaken in the dark for 5 hours. 
The solution was carefully filtered into the titration flask, and the residual mixture of silver and 
silver chloride well washed with benzene. The radical was treated with a n/15-solution of iodine 
in benzene until the colour of the iodine was no longer discharged; the 14-0 c.c. of iodine thus 
required are equivalent to 55:3% of the amount necessary to convert the radical into diphenyl- 
piperonylmethyl iodide. The thermal stability of the iodide is greater than that of some of 
the corresponding dimethoxy-derivatives, but lower than that of triphenylmethy] iodide. 

Radical Stability of Diphenylpiperonylmethyl.—The apparatus employed for the determina- 
tion of the molecular weight of the radical system was similar to that described previously 
(Part II; loc. cit.) and differed only in dimensions and minor features of design. The cryoscopic 
constants of the solvents in this apparatus were determined by using pure triphenylmethane 
as solute. The free radical is orange-red in benzene, but the colour is much more intense in 


nitrobenzene. 
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Isolation of the Radical_—A benzene solution of the radical, prepared by reduction of the 
chloride with molecular silver in the absence of oxygen and light, was filtered into the con- 
centrating apparatus as described previously (Part II). The benzene was evaporated at 40— 
50°/70 mm. in a slow current of pure carbon dioxide. The residual reddish oil could not be 
obtained crystalline from acetone or carbon disulphide. The radical was only slightly soluble 


Stability of diphenylpiperonylmethyl. 
Molecular weight of tetraphenyldipiperonylethane = 574. 
Molecular weight of diphenylpiperonylmethyl = 287. 
Benzene, K = 50-9°; nitrobenzene, K = 71-2°. 


In benzene. 


Sol- Radical Radical Sol- Radical Radical 
vent, Chloride, concn. stability, vent, Chloride, concn., stability, 
g- g. %. A. M. %. g. g. %. A. M. %. 

17-23 0-2978 1-5 518 10-8 17-17 0-2742 : 0-137° 528 8- 
0-4863 2-5 528 8-7 0-6090 , 0-301 533 7: 
0-6155 3-2 529 8-5 17-41 0-2643 : 0-132 520 10- 

0-5940 . 0-294 525 9- 


In nitrobenzene. 


23-11 0-2430 ‘0 0-136 490 16-0 22-04 0-3612 
3 


1 0-205 506 13-4 
0-5840 2 12-3 


1: 
0-320 500 14-8 0-7731 3° 0-435 511 


in light petroleum and would not crystallise from this solvent. When, however, it was dissolved 
in a small amount of dry ether, crystals of tetraphenyldipiperonylethane slowly separated 
from the solution cooled in a freezing mixture. After decantation of the mother-liquor, the 
solid radical was washed with small quantities of cold ether and dried under reduced pressure 
in a stream of carbon dioxide. 

The solid was heated in porcelain boats to effect complete removal of solvent. The apparatus 
consisted of a long horizontal tube closed with rubber stoppers provided with short exit tubes 
and stopcocks; one end of the tube was connected to the carbon dioxide generator and purifica- 
tion train, and the other end to a suction pump and manometer. The tube was surrounded 
with a glass jacket through which the vapour from boiling acetone was continuously circulated ; 
the substance was thus maintained at 55—56° without danger of excessive local heating. The 
pressure was reduced to 20 mm., and carbon dioxide slowly passed through the apparatus for 
30 minutes. The loss of weight was not appreciable. 

The substance melted at 156° (vac.) and its solution in ether deposited diphenylpiperonyl- 
methyl peroxide, m. p. 169°, on standing in the air. 


Phenyl-p-anisyldiphenylylmethyl. 

Phenyl-p-anisyldiphenylylcarbinol.—p-Bromodiphenyl, prepared from p-bromoaniline and 
benzene by Gomberg and Bachman’s method (J. Amer. Chem. Soc., 1924, 46, 2339), was purified 
by repeated crystallisation from alcohol and finally distilled in an Anschiitz apparatus with 
adequate provision against the intrusion of water vapour. 

The Grignard reagent was prepared by strongly activating magnesium powder (2-5 g.) in 
situ with iodine according to Baeyer’s method, adding freshly-distilled p-bromodiphenyl (19-0 
g.) and then distilling the requisite volume of ether (30—40 c.c.) into the apparatus through a 
long column of sodium wire. Except on one occasion when the reaction set in spontaneously, 
it was necessary to boil the mixture on an electric heater for 10—12 hours in order to complete 
the reaction. 

The red solution of -diphenylylmagnesium bromide was filtered from the excess of magnes- 
ium in a stream of dry air, and treated with the theoretical amount of finely powdered p-meth- 
oxybenzophenone (Gattermann, Ehrardt, and Maisch, Ber., 1890, 28, 1204). The ketone was 
added in small quantities owing to the highly exothermic character of the reaction. The 
product separated as a brown, gummy mass, which was hydrolysed by prolonged trituration 
with ice and sulphuric acid. The precipitated solid was combined with the material obtained by 
evaporation of the ethereal solution, and repeatedly triturated with light petroleum. The pure 
carbinol, recrystallised from ligroin, melted at 78° (Found : C, 84-9; H, 6-1. C,.H,,O, requires 
C, 85-25; H, 6-0%). It formed halochromic salts with strong acids, the sulphate, perchlorate, 
phosphate, and formate being deep red. It also dissolved readily in liquid sulphur dioxide 
to form a reddish-orange solution. 
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Basicity of the Carbinol_—For purposes of comparison we prepared diphenyl-p-diphenyly]- 
carbinol, obtained by Schlenk and Weickel (Amnalen, 1909, 368, 295) from -diphenylyl- 
magnesium iodide and benzophenone. We, however, used the bromide, and obtained a carbinol 
of m. p. 106° after recrystallisation from ligroin (Schlenk and Weickel give m. p. 136°). The 
identity of our product was established by its conversion into the corresponding methane 
(m. p. 112°), the carbinyl chloride (m. p. 146°), and the peroxide (m. p. 180°), which have the 
same m. p.’s as those recorded by previous workers. 

The basicity of the carbinols was compared with that of triphenylcarbinol by Baeyer’s 
hydrolysis method : 


Carbinol. Basicity. Colour of sulphate. 
Triphenyl Yellow 
Diphenyl-p-diphenylyl ° Red 
Phenyl-p-anisyldiphenylyl . Deep red 


The substitution of p-methoxyl in triphenylcarbinol raises the basicity value to 6-5. 

Phenyl-p-anisyldiphenylylmethane.—The carbinol (2 g.), zinc dust (2 g.), and glacial acetic 
acid were heated at 99° for 3 hours, the red colour of the solution being discharged. The filtered 
solution was poured into water, and the precipitated methane crystallised from alcohol; m. p. 
92° (Found: C, 88-6; H, 6-35. C,,H,,0 requires C, 89-15; H, 6-3%). 

Thermal Decomposition of the Formate.—Employing a modification of the method of Kauff- 
mann and Panwitz (Ber., 1912, 45, 766; Rec. Trav. chim., 1930, 49, 665), we made preliminary 
experiments to compare the rates of decomposition of phenyl-p-anisyldiphenylylmethyl formate 
and the corresponding diphenyldiphenylylmethyl ester. When the deep red solution of 
phenyl-p-anisyldiphenylylcarbinol in formic acid was maintined at 99°, carbon dioxide was 
evolved at a rate corresponding to a unimolecular reaction until 53% of the theoretical amount 
had been evolved. The colour of the solution was partly discharged during this process, and 
after 2 hours the decomposition had proceeded to the extent of 65%. The cold solution pre- 
cipitated the methane as a gummy solid; m. p. 92° after recrystallisation from alcohol. The 
product was identical with that obtained by direct reduction of the carbinol with zinc and 
acetic acid. Neither product gave a trace of colour with anhydrous formic acid. 

The solution of diphenyl-p-diphenylylcarbinol in formic acid behaved in a similar way, but 
the thermal decomposition of the formate proceeded at a slightly lower rate in the early stages 
of the reaction. Although the colour was not completely discharged after 2} hours’ heating 
at 99°, the cold solution deposited the methane in 70% yield. The m. p. of the product, after 
recrystallisation from alcohol, was identical with that given by Schlenk and Weickel (Joc. cit.), 
who employed zinc and acetic acid for the reduction. 

In so far as the early stages of the reaction are concerned, it is evident that the presence of 
p-methoxy] leads to a slight increase in the rate of thermal decomposition of the formate. 

Phenyl-p-anisyldiphenylylmethyl Chloride-—The carbinol (5 g.), light petroleum (15 c.c.), 
and acetyl chloride (5 c.c.) were gently heated for $ hour in an apparatus fitted with guard-tubes 
of calcium chloride. The deep red solution deposited the required chloride as a thick oil on 
cooling, but this showed no tendency to crystallise. Several variations of the general pro- 
cedure, involving the use of acetyl chloride alone and in benzene, failed to yield a solid product. 
Inoculation with the partly isomorphous crystals of the methane and the carbinol was likewise 
unsuccessful, and it appeared that the substance exhibits the non-crystallisability characteristic 
of certain p-methoxy-derivatives of the triphenylmethane group. The thick, highly viscous 
oil was dissolved in benzene, and the solution gently warmed in a current of carbon dioxide to 
remove the excess of acetyl chloride. To the concentrated solution, light petroleum was added 
to produce incipient turbidity. The precipitated oil was washed, and dried over soda-lime 
and paraffin wax (Found: Cl, 8-8. C,,H,,OCl requires Cl, 9-2%). The material was not 
sufficiently pure for use in the determination of the molecular weight of the radical by the 
indirect method. Phenyl-p-anisyldiphenylylmethyl chloride gave the following addition com- 
pounds when its ethereal solution was treated with the appropriate chloride in ether: ferrichloride, 
a dark brown, finely divided solid (Found: Cl, 25-5. C,,H,,OCI,FeCl, requires Cl, 25-9%) ; 
mercurichloride, a bright red solid (Found: Cl, 16-9. C,,H,,OCI,HgCl, requires Cl, 16-3%). 

Phenyl-p-anisyldiphenylylmethyl Peroxide.—The chloride (5 g.) was dissolved in dry ether 
and shaken with excess of molecular silver in a tightly stoppered vessel for 3 hours in the dark. 
The intensely wine-red solution of the free radical was treated as in the preparation of the other 
peroxide (p. 304), but the peroxide-remained in solution. The solvent was rapidly removed in 
a stream of warm air, and the residual gummy mass repeatedly triturated with small portions 
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of light petroleum until it was converted into a grey powder. This was dissolved in a small 
quantity of warm benzene, and the cooled solution treated with light petroleum. After re- 
crystallisation from the same mixture, the peroxide melted at 166° (Found: C, 85-0; H, 5:8. 
CsgH,,0, requires C, 85-5; H, 5-8%). 

Isolation of Phenyl-p-anisyldiphenylylmethyl_—The chloride (4 g.) was repeatedly washed 
with dry light petroleum and stored for 36 hours in a vacuum desiccator charged with soda- 
lime and paraffin wax. It was dissolved in 50 c.c. of pure, sodium-dried benzene, and reduced 
as described on p. 305. The red syrup obtained after evaporation of the benzene from the deep 
red solution was readily soluble in warm ether, but was deposited as an oil on cooling. The 
radical dissolved readily in acetone and carbon disulphide, and more slowly in light petroleum, 
but could not be crystallised from either of these solvents. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF, [Received, November 30th, 1938.] 





69. Free Radicals and Radical Stability. Part IV. 
Diphenyl-3-acenaphthylmethyl, 
By SypNEY T. BowDEN and WILLIAM E, HArRIs. 


The free radical diphenyl-3-acenaphthylmethyl has been prepared and isolated 
in the solid state; it is bluish-red in benzene and bluish-green in nitrobenzene. No 
direct comparison of the radical stability in benzene could be made with that of 
diphenyl-«-naphthylmethyl, owing to doubt as to the accuracy of Schlenk and 
Renning’s results. In nitrobenzene, however, the stability of the two radicals is 
approximately the same, and the influence of the -CH,°CH,~ group on the electromeric 
effects responsible for stabilisation of the radical appears to be too slight for measure- 
ment by the molecular-weight method. Oxidation of the free radical leads to the 
partial discharge of the colour and the formation of a normal peroxide. 

Although the two radicals differ little in stability, diphenyl-3-acenaphthylcarbinol 
is more basic than diphenyl-«-naphthylcarbinol and its halochromic salts are more 
deeply coloured. When diphenyl-a-naphthylmethyl formate is heated at 99°, there 
is evolution of carbon dioxide and formation of the corresponding methane, but 
no carbon dioxide is evolved on similar treatment of the 3-acenaphthyl analogue. 


WITH a view to ascertain the influence of the -CH,*CH,- grouping when substituted in 
the naphthyl ring of diphenyl-«-naphthylmethy] (I), we have prepared the radical diphenyl- 
3-acenaphthylmethyl (II). This may be isolated as a pale yellow, microcrystalline solid 
from acetone solution and gives a deep red solution in benzene, but a deep green in liquid 


CPh,— HC Ph,— 
: I . 
(I.) H, (II.) 


sulphur dioxide. The radical exhibits the characteristic reactivity of triarylmethyls and 
combines rapidly with oxygen to form a peroxide. Cryoscopic determinations of the molec- 
ular weight in benzene indicate that it exists in the unimolecular condition to the extent of 
70%, and roughly the same order of stability is found in nitrobenzene. 

The radical stability of diphenyl-«-naphthylmethyl in benzene was first examined by 
Schlenk and Renning (Amnalen, 1912, 394, 194), who stated that they worked with 2-4 
and 2-8% solutions. Subsequently, in a series of careful cryoscopic experiments, Gomberg 
and Schoepfle (J. Amer. Chem. Soc., 1919, 41, 1655) could not reproduce these results, and 
found the solubility to be less than 2% in freezing benzene. If Schlenk and Renning’s 
material was of the same purity as Gomberg and Schoepfle’s, it follows that the observed 
value of the molecular weight is too high owing to the separation of solute during the 
freezing of the solution, and therefore that the recorded value of the radical stability 
in benzene is toolow. This difficulty was not encountered in our experiments with diphenyl- 
3-acenaphthylmethyl, and as the radicals are more soluble in nitrobenzene there is no 
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possibility of solute separation at the dilutions employed. Our results with diphenyl-3- 
acenaphthylmethyl show that this radical has roughly the same stability as diphenyl-«- 
naphthylmethyl. The effect of the -CH,*CH,- group to be anticipated on the basis of 
Burton and Ingold’s theory of radical stability (Proc. Leeds Phil. Soc., 1929, 1,421; Trans. 
Faraday Soc., 1934, 30, 52) is too small for precise measurement by the cryoscopic method. 

The basicity of diphenyl-3-acenaphthylcarbinol, however, is appreciably higher than 
that of the «-naphthyl analogue, and the halochromic salts are bluish-green and green, 
respectively. The two carbinols yield highly coloured formates on treatment with an- 
hydrous formic acid. The thermal decomposition of diphenyl-«-naphthylmethyl formate 
proceeds slowly at 99° with formation of the corresponding methane and evolution of 
carbon dioxide. Diphenyl-3-acenaphthylmethyl formate, however, does not evolve carbon 


dioxide under these conditions. 
EXPERIMENTAL. 


3-Bromoacenaphthene.—This was prepared by a slight modification of the method of Graebe 
and Guinsbourg (Annalen, 1903, 327, 85). A boiling solution of acenaphthene (200 g.) in 
chloroform (700 c.c.) was treated dropwise (2 hours) with bromine (200 g.) dissolved in chloro- 
form (200 c.c.), and boiling continued until evolution of hydrogen bromide had ceased. After 
distillation of the solvent, the residual 3-bromoacenaphthene was obtained as a light yellow 
oil, b. p. 198—220°/29 mm. It was further purified by dissolution in warm alcohol, the coloured 
impurities being reduced by means of a small amount of zinc dust and hydrochloric acid. 
After recrystallisation from alcohol, it melted at 52°. 

Phenyl 3-Acenaphthyl Ketone.—For the preparation of this compound (Graebe and Haas, 
Annalen, 1903, 327, 96) the following procedure gave the purest product. Acenaphthene 
(100 g.), freshly distilled benzoyl chloride (140 g.), and pure carbon disulphide (750 c.c.) were 
treated with small quantities of aluminium chloride (100 g.) during 90 minutes, and the mixture 
boiled for 3 hours. The mixture was decomposed by trituration under ice and hydrochloric 
acid, the carbon disulphide removed by distillation, and steam passed through the residue. 
The ketone was washed with water, and a solution in chloroform dried over calcium chloride. 
After removal of the solvent, the ketone was distilled under ordinary pressure (excessive frothing 
occurred under reduced pressure). The product, b. p. 360—390°, was a light red oil which 
crystallised as a pale yellow solid from glacial acetic acid and melted at 85° after recrystallis- 
ation from alcohol. 

Diphenyl-3-acenaphthylcarbinol.—(a) To a filtered solution of phenylmagnesium bromide 
(from bromobenzene, 22-5 g.; magnesium, 4-0 g.; ether, 40 c.c.), a fine suspension of phenyl 
3-acenaphthyl ketone (30 g.) in ether was added, the mixture being vigorously shaken after each 
addition. The solution became green, and the product was deposited as a gummy solid. After 
3 hours’ heating, the mixture was decomposed with ice and sulphuric acid, and the preci- 
pitated carbinol removed by filtration, more being recovered from the ethereal layer. Twice 
recrystallised from benzene, it melted at 196° (Found: C, 88-7; H, 6-1. C,;H,,O requires 
C, 89-1;| H, 6-0%). 

(6) To magnesium powder (1-8 g.), strongly activated in situ by Baeyer’s method, freshly 
distilled 3-bromoacenaphthene (20 g.) was added, and ether (60 c.c.) distilled directly into the 
apparatus through a long column of freshly-drawn sodium wire. After the mixture had been 
boiled for } hour, the characteristic brown colour of 3-acenaphthylmagnesium bromide was 
developed. The solution was heated until there was no further separation of the slightly 
soluble magnesium derivative (10 hours). To the cold mixture, an ethereal solution of benzo- 
phenone (20 g.) was added during ? hour, and the whole was heated for 3 hours. The reaction 
mixture was hydrolysed in the usual manner, and the carbinol isolated by adding light petroleum 
to the concentrated ethereal solution. The yield was lower than that obtained by method 
(a) and the product was not so readily purified. 

Dipheny]-3-acenaphthylcarbinol produces green halochromic salts with several strong acids. 
With concentrated sulphuric acid it forms an intense bluish-green solution from which the 
carbinol is precipitated on dilution with water. Similar, highly coloured solutions are given 
by formic, perchloric, and phosphoric acids. An approximate measure of the basicity of the 
carbinol was obtained by Baeyer’s method (Ber., 1902, 35, 1189). The carbinol, however, is 
not very soluble in glacial acetic acid, and on warming, a purplish-brown solution was obtained. 
The colour changed to an intense bluish-green on addition of 10% sulphuric acid. Hydrolysis 
of the solution was effected by adding aqueous alcohol until the green colour was discharged. 
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The same procedure was applied to diphenyl-«-naphthylcarbinol, and the ratio of the basicity 
values was 1-3: 1. 

Diphenyl-3-acenaphthylmethane.—The carbinol was reduced by heating with zinc dust and 
acetic acid for 6 hours, the practically colourless solution was then poured into a large volume 
of water, and the precipitated greyish-white hydrocarbon was recrystallised from alcohol (char- 
coal); m. p. 167° (Found: C, 93-0; H, 6-5. (C,;H». requires C, 93-75; H, 6-25%). 

Action of Heat on the Formate.—The thermal stability of diphenyl-3-acenaphthylmethyl 
formate was compared with that of the diphenyl-«-naphthylmethy] ester by heating the carbinols 
with anhydrous formic acid at 99°. The latter ester is formed as a dark green solution by 
dissolving the carbinol in formic acid; it decomposed slowly with evolution of carbon dioxide 
and the colour was partly discharged during the heating. After an hour, about 20% of the 
theoretical amount of carbon dioxide had been evolved, and diphenyl-«-naphthylmethane 
separated from the cold solution. After recrystallisation from alcohol, this had m. p. 148— 
149°. Ullmann and Mourawiew-Winigradoff (Ber., 1905, 38, 2213) give m. p. 150° for the 
methane obtained, in much higher yield, by reduction of the carbinol with zinc and acetic 
acid. 
The bluish-green solution of diphenyl-3-acenaphthylmethyl formate in formic acid was 
maintained at 99° for ? hour, but no measurable amount of carbon dioxide was evolved. The 
carbinol (1 g.) was therefore covered with anhydrous formic acid (10 c.c.) in a small flask provided 
with a ground-in condenser in direct communication with a liquid trap and a vessel charged with 
lime-water, and the mixture boiled vigorously while nitrogen was passed through the apparatus, 
but the test for carbon dioxide was negative. Although the colour of the solution slowly changed 
to light brown, the methane could not be isolated from the solution. 

Diphenyl-3-acenaphthylmethyl Chloride.—The following methods were examined in connexion 
with the preparation of this compound : 

(a) The carbinol (2 g.) was treated in dry benzene (2 c.c.) with slight excess of acetyl chloride 
in the halogenation apparatus previously described (Part II; this vol., p. 36). The green 
solution was heated for } hour at 40°, cooled, and light petroleum added. The chloride was 
slowly deposited, and by recrystallisation from benzene-light petroleum was obtained in prac- 
tically colourless crystals, m. p. 141° (Found: Cl, 10-0. C,;H,,Cl requires Cl, 100%). This 
is the most satisfactory method of preparing the substance for use in the preparation of the 
free radical. 

(b) The carbinol (5 g.) was dissolved in benzene (50 c.c.) in a stout flask and treated with 
dry hydrogen chloride in the presence of a few lumps of anhydrous calcium chloride. The 
solution soon became deep blue-green in colour, and after saturation was complete, the flask 
was tightly stoppered and set aside for 12 hours. The solution was decanted from the hydrated 
calcium chloride, warmed with decolorising carbon, filtered, and concentrated to one-third 
bulk. The cold solution was treated to incipient turbidity with light petroleum; well-formed 
crystals of diphenyl-3-acenaphthylmethyl chloride were slowly deposited, and after recrystallis- 
ation as in (a) these were obtained colourless, m. p. 141° (Found: Cl, 10-1%). 

(c) The chloride prepared by condensation of acenaphthene and diphenyldichloromethane 
in dry carbon disulphide solution by means of anhydrous aluminium chloride remained highly 
coloured after repeated crystallisation as in (a). 

The chloride has the characteristic properties of triarylmethyl chlorides and forms halo- 
chromic derivatives with ferric, mercuric, and zinc halides. 

Diphenyl-3-acenaphthylmethyl Bromide.—The carbinol (1 g.) in dry benzene (2 c.c.) was 
treated with acetyl bromide (2c.c.), and the solution warmed and concentrated as for the chlor- 
ide. The bromide was deposited in greenish-blue crystals, from which most of the colour was 
removed by repeated crystallisation as in (a), above; m. p. 135° (Found: Br, 20-0. C,,;H, Br 
requires Br, 20-0%). Solutions of the bromide in non-polar media were rapidly reduced by silver 
with the formation of the free radical. 

Diphenyl-3-acenaphthylmethyi Peroxide.—The chloride was dissolved in a mixture of equal 
parts of dry benzene and ether, and the solution reduced by shaking with an excess of molecular 
silver in a sealed tube for 3 hours. The finely divided silver chloride was allowed to settle, 
and the blue-red solution of the radical siphoned into another vessel, where it was oxidised 
by the passage of air. The blue-red colour was rapidly discharged, but the solution still pre- 
served a pale yellow colour after completion of the peroxide reaction. The solvent was rapidly 
evaporated, and the thick, oily residue washed and repeatedly triturated with light petroleum 
until it was converted into a yellow powder. The peroxide was fairly readily soluble in cold 
ether, benzene, and acetone, but could not be readily crystallised from these solvents. It 
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was recrystallised from carbon disulphide, but could not be obtained completely free from 
colour. It melted at 167° (Found: C, 89-0; H, 5-8. C,9H;,0, requires C, 89-6; H, 5-7%). 

Radical Stability of Diphenyl-3-acenaphthylmethyl_—The molecular weight of the radical 
was determined by the indirect, cryoscopic method under pure nitrogen in the apparatus pre- 
viously described (Part II; Joc. cit.). Before use, the chloride was freshly recrystallised, finely 
powdered, and stored for at least 24 hours in an evacuated desiccator containing soda-lime and 
shavings of paraffin-wax. The reduction of the chloride is rapidly effected by six times the 
calculated weight of molecular silver, but with the more concentrated solutions it was advisable 
to add a further supply of silver from a suitable precipitating device held in the side-tube of 
the Beckmann vessel. The results obtained with benzene and nitrobenzene solutions of the 
radical are given in the following table. 


Stability of Diphenyl-3-acenaphthylmethyl. 


Molecular weight of tetraphenyldi-3-acenaphthylethane = 638. 
Molecular weight of diphenyl-3-acenaphthyimethyl = 319. 
Benzene, K = 52-5°; nitrobenzene, K = 71-2°. 


In benzene. 


Sol- Radical Radical Sol- Radical Radical 
vent, Chloride, concn., stability, vent, Chloride, concn., stability, 
g. g. %. . ‘ %. g- g. %. A. M. %. 
18-98 0-1665 : . 370 72-5 19-01 0-2689 1: 0-178° 376 70-0 
0-2822 . . 380 68-2 0-5035 2: 0-327 383 66-9 
0-5703 : . 381 67°8 0-7186 3- 0-472 378 68-7 
0-7827 . . 373 71-1 18:87 0-3848 1- 0-256 376 69-7 
0-6027 2: 0-403 374 70-5 


In nitrobenzene. 


5 0-299 355 79-7 22°50 0-4459 : 0-351 361 
6 0-509 366 74:3 0-7713 , 0-587 373 


22-97 0-3819 1 
0-6705 2: 


Very striking colour effects were observed during the formation of the free radical in nitro- 
benzene. Immediately after the addition of the chloride to the liquid, the solution was pale 
green, but on being stirred with silver the solution became blue owing to the formation of the 
radical. When reduction was complete, the solution was deep bluish-green. 

Isolation of the Free Radical_—Pure diphenyl-3-acenaphthylmethy] chloride (3 g.) was dis- 
solved in sodium-dried benzene (40 c.c.), and the solution shaken with molecular silver (3 g.) in 
a sealed tube on a rotary agitator for 3—4 hours. The radical solution was transferred under 
carbon dioxide into the concentrating apparatus as described previously (Part II; loc. cit.). 
After evaporation of the solvent at 45—50° under reduced pressure in a slow stream of carbon 
dioxide, the residual gummy mass proved to be only slightly soluble in warmether. It dissolved 
readily in warm acetone, and the impure hydrocarbon crystallised comparatively rapidly on 
cooling. Two recrystallisations from the same solvent did not remove all the colour from the 
solid. The material was dried in situ under reduced pressure for 2 hours. The pale yellow 
crystalline hydrocarbon melted at 155° (vac.) and dissolved in liquid sulphur dioxide to form 


a very deep blue-green solution. 
TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, November 30th, 1938.] 





70. Free Radicals and Radical Stability. Part V. The 
Thermal Stability of Chloroformates and Carbonates. 


By SypNnEy T. BowDEN. 


Attempts to prepare triphenylmethyl carbonate, (CPh,),CO,, by interaction of 
a metal triphenylmethoxide with carbonyl chloride, gave a nearly theoretical yield 
of triphenylmethy]l chloride. This is due to the thermal instability of the intermediate 
triphenylmethyl chloroformate, Cl-CO,CPh,, which decomposes with evolution of 
carbon dioxide. The behaviour of other phenylated derivatives towards carbonyl 
chloride has been examined in order to establish the connexion between the radical 
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stability of the ester group and the thermal stability of the chloroformate, The simple 
alkyl chloroformates are comparatively stable, but benzyl chloroformate is unstable, 
and the benzhydry] ester is unknown. 

The stability of the substituted alkyl carbonates has been studied from the same 
standpoint, and both for these and for the simple phenylated derivatives the thermal 
behaviour conforms to the following rule: The greater the radical stability of the 
ester group in chloroformates and carbonates, the lower will be the thermal stability 


of the compound. 


In the course of an investigation of the properties of certain triarylmethoxides we attempted 
to prepare triphenylmethyl carbonate by the action of carbonyl chloride on the corre- 
sponding methoxide. On no occasion, however, were we able to obtain the anticipated 
product, or indeed, the intermediate chloroformate, and we were led accordingly to examine 
in greater detail the factors governing the thermal stability of the esters of chloroformic and 
carbonic acids. 

When potassium triphenylmethoxide is treated with a toluene solution of carbonyl 
chloride, precipitation of colloidal potassium chloride and evolution of carbon dioxide 
rapidly occur with evolution of heat. When the solution is concentrated in the absence 
of moisture, pure triphenylmethyl chloride is obtained in nearly theoretical yield. 
Experiments conducted at different temperatures showed that the first product of the 
interaction is triphenylmethyl chloroformate, which, however, is thermally unstable 
and spontaneously decomposes into triphenylmethyl chloride and carbon dioxide: 
CPh,-OK + COCIl, —> KCl + CPh,-O-COC1—-> CPh,Cl + CO,. 

This interpretation assumes a further significance in the light of Roberts and Bowden’s 
hypothesis (Rec. Trav. chim., 1930, 49, 665) advanced to account for the reduction of 
triarylcarbinols by formic acid. In this case the triarylmethyl formate is thermally 
unstable and decomposes on heating, with formation of the corresponding methane and 
carbon dioxide : H-CO,CPh, —> CHPh, + CO,. These apparently dissimilar processes 
are thus brought into line, although the thermal stability of the chloroformate is consider- 
ably lower than that of the formate, which may be isolated in the crystalline condition at 
room temperature. 

In view of the above reactions of the potassium derivative, the behaviour of triphenyl- 
carbinol itself towards carbonyl chloride is of interest. When a cold benzene solution of 
the carbinol is treated with carbonyl chloride, carbon dioxide is evolved and tripheny]l- 
methyl chloride and water are produced. If the reaction is carried out in the presence of 
anhydrous calcium chloride, triphenylmethyl chloride may be isolated in good yield. The 
three main reactions involved may be expressed as follows: CPh,-OH + COC],—> 
Cl-CO,CPh, + HCl; Cl-CO,CPh, —-> CPh,Cl + CO,; CPh,-OH + HCl == CPh,Cl + H,0. 
The presence of calcium chloride largely inhibits the hydrolysis of the triarylmethyl chloro- 
formate and chloride. These interpretations may be compared with Gomberg and Davies’s 
observation (Ber., 1903, 36, 3924) that triphenylmethyl chloride is produced from the 
carbinol and acetyl chloride through the intermediate formation of the acetate: 
CPh,-OH + CH,-COC1 —> CH,°CO,CPh, + HCl. There is, however, a fundamental 
difference in the subsequent behaviour of the chloroformate and the acetate under ordinary 
conditions : whereas the former gives rise to triphenylmethyl chloride directly, the latter, 
being more stable, is converted into the chloride through further interaction with acetyl 
chloride : CH,*CO,CPh, + CH,*COCl1——> CPh,Cl + (CH,°CO),0. 

Benzyl carbonate may be prepared by the action of carbonyl chloride on potassium 
benzyloxide in virtue of the comparatively high stability of the intermediate chloroformate. 
In fact, Thiele and Dent (Amnalen, 1898, 302, 257) isolated the chloroformate as an oil by 
the action of carbonyl chloride on benzyl alcohol at a low temperature. In this connexion, 
the diphenylated derivative may be expected to be more similar to the benzyl than to the 
triphenylmethyl compound. This anticipation is fully realised, and although benzhydryl 
chloroformate has not been isolated, we have prepared the carbonate as a white crystalline 
solid through the action of carbonyl chloride on potassium benzhydryloxide. Phenyl 
carbonate is easily prepared by an analogous reaction; the intermediate phenyl chloro- 





312 Bowden: Free Radicals and Radical Stability. Part V. 


formate is a fairly stable liquid, but it decomposes at 180° into phenyl carbonate and 
carbonyl chloride. The influence of the ester radical on the properties of chloroformates 


is shown in the following table : 


Chloroformate. B. p. Action on methoxide. 
7a° Forms carbonate 
90°/20 mm, ” ” 
103°/20 mm. _s,, 2» 


Benzhydryl (unknown) — o - 
Triphenylmethyl (unknown) — Does not form carbonate 


The chloroformate structure (I) is much less stable than the carbonate structure (II), 
and Gomberg (J. Amer. Chem. Soc., 1913, 35, 200) was able to prepare triphenylmethy] 


R,C—O—C—Cl R,C—O—Q—-0—CR, 
O O 


(I.) (II.) 
carbonate by the interaction of triphenylmethyl chloride and silver carbonate. The 
substance, however, melts at 208° with evolution of carbon dioxide and formation of tri- 
phenylmethyl oxide, and the reaction may be catalysed at 130—140° by means of copper 
powder (Halford, ibid., 1929, 51, 2157). Sincé methyl carbonate is thermally very stable, 
it seemed probable that the thermal stability of carbonates is likewise connected with the 
unimolecular stability of the ester radical, although the course of the reaction may be 
different in the various cases. In fact, Ritchie (J., 1935, 1056) has shown that methyl 
carbonate decomposes at 600° to produce olefinic as well as other products, Me,CO, —~> 
Me-OH + CO, + CH,:, whereas the primary pyrolysis of phenyl carbonate occurs thus : 
Ph,CO, —> Ph,O + CO,. 

Benzhydryl carbonate melts without decomposition, but the liquid begins to decompose 
at 260° with evolution of carbon dioxide. Benzyl and methyl carbonates, however, 
exhibit much greater stability, as indicated in the following table : 


Carbonate. M.p. Decomp. temp. Carbonate. M. p. Decomp. temp. 


Methyl > 500° Benzhydryl 260° 
> 350 Triphenylmethyl 208 


Within the limits of the simple phenylated series the results conform to the rule : The greater 
the unimolecular stability of the ester radical, the lower will be the thermal stability of 
the compound. This influence is doubtless of quite general character and is likewise 
operative in the case of other esters, but must perforce be modified by polar and steric 
factors, and particularly, by the presence of other functional groups. 


EXPERIMENTAL. 


Action of Carbonyl Chloride on Potassium Triphenylmethoxide.—(a) Potassium tripheny]l- 
methoxide, prepared from triphenylcarbinol (10 g.) by Blicke’s method (J. Amer. Chem. Soc., 
1923, 45, 1965), was cooled to 0° and slowly treated with an ice-cooled solution of carbonyl 
chloride (3-8 g.) in toluene (30 g.). The strongly exothermic reaction was accompanied by con- 
siderable effervescence and the precipitation of gelatinous potassium chloride. The clear, 
supernatant liquid was decanted through the side-tube of the reaction flask, the residual mass 
washed with benzene, and the washings combined with the main solution. The solution was 
concentrated under reduced pressure, and the triphenylmethyl chloride recrystallised from 
benzene-light petroleum. All the operations were carried out in an atmosphere of nitrogen 
with rigorous exclusion of moisture. The substance was thus obtained in large, cubic crystals, 
m. p. 112° (Found: Cl, 12-4. Calc. for C,gH,,Cl: Cl, 12-75%); it gave the yellow halochromic 
derivative with an ethereal solution of anhydrous ferric chloride, and was converted into 
triphenylmethyl ethyl ether, m. p. 84°, on dissolution in warm ethyl alcohol. 

(b) In order to estimate the amount of triphenylmethyl chloride produced in the reaction, 
the experiment was conducted as described above, and a known volume of the resulting solution 
removed and treated with a current of dry nitrogen to expel traces of carbonyl chloride. The 
solution was diluted with sodium-dried benzene and shaken with excess of mercury in a sealed 
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vessel for several hours. The yellow solution of the free radical was carefully separated from the 
finely divided mercurous chloride, and air passed through the solution until the colour was 
discharged. Triphenylmethyl peroxide was deposited as a pale yellow, crystalline precipitate, 
which, after being washed with ether, had m. p. 177—180°. The yield of peroxide attained in a 
control experiment with pure triphenylmethyl chloride was 70%, and that in the present 
experiment was 69-5%. The formation of triphenylmethyl chloride from the methoxide and 
carbonyl chloride is therefore practically quantitative. 

(c) In order to estimate the amount of carbon dioxide, the reaction was carried out while 
nitrogen was slowly led through the apparatus, and the issuing gases passed through 100 c.c. 
of N-potassium hydroxide. This was found to contain 0-600 g. of potassium chloride and 
2-436 g. of the carbonate. If the carbonate were produced merely from the carbonyl chloride 
carried over, its amount would be 0-554 g. The difference, 1-882 g., was therefore due to the 
carbon dioxide evolved in the reaction, and corresponds to 100% evolution of the gas. 

Action of Carbonyl Chloride on Triphenylcarbinol.—(a) Carbonyl] chloride was passed through 
a cold, nearly saturated solution of triphenylcarbinol in benzene. After a few minutes the 
solution became turbid and there was visible separation of water. The presence of triphenyl- 
methyl chloride in the dried benzene layer was shown by the formation of the addition derivative 
with anhydrous ferric chloride, and by the formation of free triphenylmethyl on reduction with 
metallic mercury. 

(b) Carbonyl chloride was led into a solution of the carbinol (2-6 g.) in benzene (25 g.) in 
the presence of a few lumps of freshly dehydrated calcium chloride. After saturation, the 
solution was decanted from the drying agent, and the excess of carbonyl chloride removed 
by passage of dry air. The resulting solution was shaken in a sealed vessel with excess of metallic 
mercury for 4 hours, siphoned from the mercurous chloride, and oxidised by a stream of air 
until the precipitation of triphenylmethyl peroxide was complete. The peroxide (m. p. 177°) 
weighed 1-84 g., corresponding to the formation of 76% of the theoretical amount of triphenyl- 
methyl chloride in the above reaction. 

Action of Carbonyl Chloride on Potassium Benzhydryloxide.—(a) The potassium derivative 
was prepared by heating a solution of pure benzhydrol (9-2 g.) in dry xylene (50 c.c.) with 
metallic potassium (1-95 g.) in an atmosphere of oxygen-free nitrogen. The reaction commenced 
in the cold, but was still incomplete after 44 hours’ boiling. When the solution was cooled, 
blue streamers of the ketylic derivative issued from the surface of the metal, but potassium 
benzhydryloxide was subsequently precipitated as a white crystalline solid. When this was 
slowly treated at room temperature with a solution of carbonyl chloride (2-48 g.) in toluene 
(15 c.c.), the exothermic reaction was accompanied by slight effervescence. The solution, 
filtered from potassium chloride and concentrated under reduced pressure, slowly deposited 
white crystals (3 g.) of benzhydryl carbonate; after three crystallisations from ligroin, this had 
m. p. 123° (Found: C, 81:9; H, 5-9. C,,H,.O; requires C, 82:2; H, 5-6%). When the same 
reaction was carried out at 0°, there was no evolution of carbon dioxide, and the yield was 
slightly better. 

(b) The benzhydryloxide was cooled in an ice-salt bath to —16° and treated with a cold 
solution of carbonyl chloride (3-7 g.) in toluene (25 c.c.). The reaction took place without 
visible evolution of carbon dioxide. After standing for 12 hours, the solution was filtered in a 
dry atmosphere and concentrated by warming under reduced pressure. The solid deposited 
from the cold solution melted at 85—95°, and by fractional crystallisation from light petroleum 
was shown to be a mixture of benzhydryl carbonate and unchanged benzhydrol. Benzhydryl 
chloroformate could not be isolated by concentrating the mother-liquor. However, its presence 
as an intermediate is indicated by the fact that carbon dioxide was evolved when the original 
reaction mixture was warmed gently on the water-bath. 

Action of Carbonyl Chloride on Potassium Benzyloxide.—A solution of freshly distilled benzyl 
alcohol (10 g.) in potassium-dried xylene (50 c.c.) was boiled with potassium (3-9 g.) in an 
atmosphere of dry nitrogen for 4-5 hours. In every case, some of the metal could be recovered 
unchanged, although Bischoff (Ber., 1903, 36, 159) states that there is practically complete 
interaction between sodium and benzylalcoholat 70°. The precipitated benzyloxide was treated 
with carbonyl] chloride (4-9 g.) in toluene (25 c.c.), and after a few hours the solution was filtered, 
the solvent evaporated, and the residue distilled under reduced pressure. The carbonate was 
obtained as a colourless liquid, b. p. 200—201°/13-5 mm., which slowly crystallised in large 
plates, m. p. 29°. 

Decomposition Temperatures of Carbonates.—The thermal stability of benzyl carbonate was 
examined by passing the liquid from a small dropping-funnel into a glass coil immersed in a 
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metal bath, while nitrogen was slowly passed through the apparatus into a vessel containing 
lime-water. Although the carbonate was maintained at 350° for an hour, no carbon dioxide 
was evolved and the liquid could be recovered unchanged. Benzhydryl carbonate, however, 
was placed in a glass U-tube and heated in a current of nitrogen as described above. Decom- 
position occurred at 260° and the liquid suffered fairly rapid pyrolysis at 270°. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, November 30th, 1938.]} 





71. Free Radicals and Radical Stability. Part VI. The 
Reactions of Triphenylmethoxides. 


By SypNEY T. BOWDEN and TupDor JOHN. 


Lithium and rubidium triphenylmethoxides have been prepared by direct inter- 
action of the metals with triphenylcarbinol. The sodium derivative can be prepared 
by boiling a xylene solution of the carbinol with sodium. 

Although there is a fundamental difference in the electronic condition of the 
metal in the methoxides and the polar triphenylmethides, the metal atom of the 
former is also endowed with considerable reactivity. Potassium triphenylmethoxide 
reacts with benzyl bromide and methy] sulphate to form the benzyl and the methyl ether 
of triphenylcarbinol, respectively. 

The functional analogy between the magnesium halide radical, -MgX, and the 
alkali metals is reflected in the reactions of potassium triphenylmethoxide, CPh,-OK, 
and the corresponding magnesium bromide derivative, CPh,OMgBr. Although the 
latter does not yield ethers of triphenylcarbinol on treatment with methyl iodide 
and benzyl bromide, it reacts with acetyl chloride to form triphenylmethyl chloride. 
This is also produced by the action of carbonyl chloride, owing to the thermal 
instability of the intermediate chloroformate. 

Phenoxymagnesium bromide, MgBr-OPh, reacts with carbonyl chloride to give a 
good yield of phenyl carbonate. This reaction provides a convenient method of 
synthesising those substituted alkyl or aryl carbonates which cannot be prepared by 
the usual method involving the preliminary treatment of the hydroxyl compound 
with alkali metal. 


AccorDING to Hemilian (Ber., 1874, 7, 1207), sodium reacts with a boiling toluene solution 
of triphenylcarbinol to produce sodium triphenylmethoxide, but Schlenk and Mair (Ber., 
1911, 44, 1169) found little if any reaction between the materials in boiling xylene. They 
prepared the substance from the molten carbinol and sodium at 180—190°. We find that 
xylene or diphenyl solutions of the carbinol react smoothly with sodium to produce the 
desired methoxide. 

Lithium and rubidium triphenylmethoxides may be obtained by methods similar to 
that employed by Blicke (J. Amer. Chem. Soc., 1923, 45, 1965) for the preparation of the 
potassium derivative. Lithium triphenylmethoxide, like its sodium analogue, is a white 
microcrystalline powder of no definite melting point, but sintering with decomposition at 
a high temperature. Metallic rubidium reacts less readily than potassium, but rubidium 
triphenylmethoxide is deposited from xylene solution in large white crystals resembling 
the potassium derivative. Calcium is without action on the carbinol in boiling xylene. 

The formation of the triphenylmethoxy] radical, CPh,O-, has been postulated by Walden 
(“ Chemie der freien Radikale,” Leipzig, 1924, p. 90) and by Wieland (Ber., 1911, 4, 
2551) to account for certain properties of triphenylmethyl peroxide. Cryoscopic measure- 
ments show, however, that its stability is of very low order, and it was of interest therefore 
to compare the reactions of compounds containing this radical with those containing 
triphenylmethyl, which is considerably more stable in the free state. Although the alkali- 
metal triphenylmethides are readily relieved of alkali metal on treatment with mercury 
even at room temperature, we find that a xylene solution of potassium triphenylmethoxide 
can be boiled with mercury for prolonged periods without losing a trace of potassium. 





[1939] Part VI. The Reactions of Triphenylmethoxides. 315 


This difference in behaviour is consistent with the electronic structures (I) and (II) for the 
methide and methoxide respectively. Although there is a fundamental difference in the 
character of the link between metal and radical, the reactivity of the metal atom of the 
methoxide is apparent in its reactions with alkyl halides, carbonyl chloride, and methyl 
sulphate. 

The analogous function of the univalent magnesium halide radical, -MgX, and the 
alkali metals in the methides led us to compare the behaviour of potassium triphenylmeth- 
oxide and the corresponding magnesium bromide derivative, CPh,,OMgBr. This does not 
produce the methyl and benzyl ethers of triphenylcarbinol on treatment with the corre- 


- Ph|~ Ph — 
(I.) Ph :C:| M+ Ph :C:O:M (II.) 
Ph Ph 


sponding halides, although these ethers are readily prepared from potassium tripheny]l- 
methoxide. Both methoxides react slowly in the cold with an ethereal solution of tri- 
phenylmethyl bromide, but triphenylmethyl oxide cannot be isolated. Moreover, the 
combination of radicals which occurs when Grignard reagents are treated with anhydrous 
cupric chloride does not take place to any appreciable extent in the case of triphenyl- 
methoxymagnesium bromide. 

Acetyl chloride reacts with the last-named compound to form triphenylmethy] chloride : 
CPh,-OMgBr + CH,-COC1 —> CH,°CO,CPh, + MgBrCl; CH;-CO,CPh, + CH,;-COC] —> 
CPh,Cl + (CH,*CO),O, and the same substance is produced by the action of carbonyl 
chloride, owing to the thermal instability of the intermediate chloroformate. In this 
connexion, the reaction of phenoxymagnesium bromide, which is readily obtained by adding 
phenol to phenylmagnesium bromide, with carbonyl chloride to give a good yield of phenyl 
carbonate is of interest as providing a possible general method for synthesising carbonates, 
for it may be applied in those cases where the usual procedure is not feasible. 


EXPERIMENTAL. 


Preparation of Methoxides.—Lithium triphenylmethoxide. On account of the comparatively 
low reactivity and high m. p. of lithium, this preparation presents several difficulties. The 
following methods were investigated. 

(a) Schlenk and Mair’s method (loc. cit.) for preparing sodium triphenylmethoxide was 
modified as follows. Pure triphenylcarbinol (6 g.) was distilled into a Pyrex reaction tube 
provided with a stirring device and an inlet tube for the admission of pure, dry nitrogen. Thin 
shavings of metallic lithium (0-025 g.), held in the crook of the stirrer, were lowered into the 
molten carbinol. At 280°, a slow evolution of hydrogen and precipitation of the white lithium 
derivative occurred. Apart from the slowness of the reaction, the difficulty of removing the 
excess of carbinol from the methoxide renders this method unsuitable. 

(b) A solution of the carbinol in diphenyl was boiled with metallic lithium, but again reaction 
was very slow. Unexpectedly, however, the use of the lower-boiling xylene as solvent proved 
satisfactory. The carbinol (3 g.), dry sulphur-free xylene (20 c.c.), and very thin shavings 
of lithium (0-8 g.; 10 atom-equivs.) were heated in a reflux apparatus provided with a mercury 
seal. Although there was no visible evolution of hydrogen at the surface of the metal, the 
separation of the lithium derivative began after 5 hours and was complete after a further 12 
hours. The cold mixture was diluted with dry benzene (25 c.c.), and the excess of metal 
removed under a stream of nitrogen by means of a hat-pin. The solid was collected on a 
sintered-glass filter, washed repeatedly with low-boiling light petroleum, and dried in situ 
under reduced pressure in a slow current of nitrogen (Found: Li, 2-6. C,H,,OLi requires 
Li, 2-6%). The compound was a white, very finely divided powder, insoluble in benzene, xylene, 
and ligroin. It decomposed without previous melting in a sealed tube above 360° and was 
immediately hydrolysed to the carbinol and lithium hydroxide on contact with moist air. 

The peculiar influence of the presumably inert solvent in these experiments is further 
illustrated by the fact that use of benzene instead of xylene yields no trace of the methoxide 
even after 120 hours’ boiling. 

Sodium triphenylmethoxide. The method described in the literature for the preparation 
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of this compound is unsuitable (see Blicke, Joc. cit.) and we studied the action of sodium on the 
carbinol in various solvents with a view to find a better one, since the compound offers possibili- 
ties as a synthetic agent. The following methods proved to be entirely satisfactory. 

(a) The apparatus consisted of a 100-c.c. Pyrex flask (with a side-tube situated below the 
neck) provided with a reflux condenser and an inlet tube for admission of nitrogen. A solution 
of the carbinol (3-0 g.) in xylene (30 c.c.) was boiled under nitrogen with sodium (1-7 g.) for 24 
hours. The excess of metal was removed from the cold mixture, and the methoxide collected 
on a sintered-glass filter attached to the side-tube of the flask. The methoxide was washed 
with light petroleum and dried on the filter by means of a current of nitrogen (Found: Na, 
8-6. Calc. for C,gH,,ONa: Na, 8-15%); yield, 2-5 g. (75%). 

(b) Preliminary experiments showed that sodium began to attack triphenylcarbinol in 
diphenyl when the solution reached 80° but that reaction was comparatively slow even at 
180°. In a Kjeldahl flask, fitted with an air-condenser and a delivery 
tube for admission of nitrogen, a mixture of diphenyl] (40 c.c.), triphenyl- 
carbinol (10 g.), and sodium (0-5 g.) was brought to its b. p. Owing to 
interfacial tension, the metal broke up into numerous globules, thus 
accelerating the reaction. The metal dissolved in 3 hours. After the 
mixture had been cooled to about 75°, benzene was added to dissolve 
the diphenyl and unchanged carbinol. The residual sodium triphenyl- 
methoxide was dried as described above (Found: Na, 8-4%). This 
method is very suitable for the rapid preparation of the compound in good 
yield. 

Rubidium triphenylmethoxide. In a preliminary experiment on the 
action of rubidium on the carbinol in xylene hydrogen was generated in 
the cold, but the reaction took place very slowly even at 100°, the metal 
being less reactive than potassium at this temperature. 

The preparation of the compound was carried out on a micro-scale in 
the apparatus shown in the diagram. It consisted essentially of a sintered- 
glass filter A (7 x 2 cm.) attached to a small receiver B provided with a 
side-tube E. The filter was closed with a rubber stopper carrying the 
internal condenser C and the exit tube D. With a slow stream of nitrogen 
passing upwards through the filter, a mixture of pure triphenylcarbinol 
(0-2 g.), potassium-dried xylene (1 c.c.), and rubidium (0-033 g.) was heated 
in A by immersing the apparatus for 4 hours in an oil-bath at 130°. 
During this process rubidium triphenylmethoxide was deposited in large 

B white crystals. After the whole had been cooled to room temperature, 

nitrogen was admitted through D, and the solution filtered by applying 

gentle suction at E. The material was washed with benzene and light petroleum, and dried 

in situ at 140°/50 mm. for 3 hours in a slow up current of nitrogen. The crystals disintegrated 

into a white powder, m. p. 235° (decomp.) (Found: Rb, 26-7, 26-75. C,,H,,ORb requires Rb, 

24-5%). The compound was insoluble in cold xylene, burned with a yeilow flame, and was 
hydrolysed very readily in the air to form the carbinol and rubidium hydroxide. 

Similar experiments showed that calcium is entirely without action on a boiling solution of 
triphenylcarbinol in xylene, although Kraus and Kawamura (J. Amer. Chem. Soc., 1923, 45, 
779) reported the formation of calcium triphenylmethide by treatment of triphenylmethyl 
chloride with calcium in liquid ammonia. 

Triphenylmethoxymagnesium bromide. This compound was prepared by treating phenyl- 
magnesium bromide with an ethereal solution of triphenylcarbinol or benzophenone : the latter 
reagent is preferable, because its higher solubility facilitates purification of the methoxide. 
The required compound separated from solution in white crystals, which were pure after being 
washed. Its solutions were prone to exhibit super-saturation. 

Reactions of Methoxides.—Potassium triphenylmethoxide and benzyl bromide. The potassium 
derivative, prepared from the carbinol (11-5 g.) and excess of potassium (Blicke, Joc. cit.), was 
heated with a solution of benzyl bromide (5-6 g.) in benzene (30 c.c.) for 2 hours. The clear 
solution was siphoned from the gelatinous potassium bromide and allowed to evaporate spon- 
taneously. The residue was washed with water and dissolved in the minimum amount of alcohol, 
from which triphenylmethyl benzyl ether separated in long needles (10 g.), m. p. 106°. 

Potassium triphenylmethoxide and methyl sulphate. To the potassium derivative prepared 
from 10 g. of the carbinol, a solution of freshly distilled methyl sulphate (2-4 g.) in benzene 
(20 c.c.) was added in small portions during } hour. The exothermic reaction was accompanied 
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by formation of colloidal potassium methyl] sulphate, and in the later stages by the production 
of a yellow colour, which disappeared on shaking. After an hour, the solution was siphoned 
off, combined with benzene extracts of the residue, and allowed to evaporate spontaneously. 
The residue was extracted with light petroleum; the first crop of crystals was triphenylcarbinol, 
but the second crop was triphenylmethy] methyl ether (3-6 g.), m. p. 83—84°. 2-2 G. of potassium 
methyl sulphate were obtained. 

Potassium triphenylmethoxide and mercury. The potassium derivative, dissolved in toluene 
and xylene, was boiled with a large excess of pure mercury for several hours in an atmosphere of 
nitrogen. The mercury was washed with toluene but gave a negative test for potassium, and 
the whole of the methoxide was recovered as triphenylcarbinol after hydrolysis. 

Triphenylmethoxymagnesium bromide and alkyl halides. A solution of methyl iodide in 
benzene was boiled with the bromide for 2 hours, but the expected methyl ether was not produced. 
A similar negative result was obtained with benzyl bromide. Triphenylmethoxymagnesium 
bromide, prepared from benzophenone (2-9 g.) and phenylmagnesium bromide, was shaken 
for 2 days in a sealed vessel in the dark with a solution of freshly prepared triphenylmethyl 
bromide (5-2 g.) in benzene (20 c.c.) at room temperature. The solution became yellowish-red, 
and after a further 2 days it was treated with water, but no trace of triphenylmethyl oxide was 
obtained, the product consisting largely of triphenylcarbinol. [Schlenk (Amnalen, 1912, 394, 
178) obtained triphenylcarbinol and resinous substances by treating sodium triphenylmethoxide 
with triphenylmethy] chloride, and Blicke (loc. cit.) obtained similar results with the potassium 
derivative. ] 

Triphenylmethoxymagnesium bromide and cupric chloride. Finely powdered anhydrous 
cupric chloride was heated with a benzene-ether solution of the bromide for 7 hours (cf. Krizew- 
sky and Turner, J., 1919, 115, 560; Bowden, J., 1931, 1113). The mixture was decomposed with 
ice and hydrochloric acid, and the non-aqueous layer dried with sodium sulphate and allowed 
to evaporate. Triphenylcarbinol alone remained, and triphenylmethyl peroxide or its decom- 
position products could not be detected. 

Triphenylmethoxymagnesium bromide and acid chlorides. The methoxide, prepared from 
phenylmagnesium bromide and benzophenone (5-8 g.), was treated with a solution of freshly 
distilled acetyl chloride (6-3 g.; 2-5 mols.) in dry benzene (20 c.c.). A yellow colour was 
immediately developed, and this increased in intensity on standing. After an hour’s gentle 
heating, the liquid was filtered in the absence of moisture, and dry air passed through it at 60° 
to remove the excess of acetyl chloride. The solution was diluted with benzene and shaken 
with mercury in a sealed vessel for several hours. Air was passed through the filtrate until 
oxidation of the radical was complete; 2-13 g. of triphenylmethyl peroxide (m. p. 180—182°) 
were obtained. Under these conditions, therefore, the conversion of methoxide into triphenyl- 
methyl chloride occurred to the extent of 37%. 

To the bromide prepared as above, a solution of carbonyl chloride (3-2 g.) in toluene (25 c.c.) 
was added in small quantities. Very little heat was generated during the reaction, but the 
solution rapidly became yellow. After 24 hours, the supernatant solution was decanted, and the 
excess of carbonyl chloride removed in a current of dry air. The solution was reduced by means 
of mercury, and the free radical oxidised by air to the peroxide; after being washed with ether, 
this weighed 0-75 g., m. p. 179—180°. Accordingly, the yield of triphenylmethyl chloride, 
based on the amount of peroxide, was 14% of the theoretical. 

Triphenylmethoxymagnesium bromide and carbonyl chloride. To a filtered solution of phenyl- 
magnesium bromide (magnesium, 3-3 g.; bromobenzene, 20 g.; ether, 30 c.c.), freshly distilled 
phenol (11-8 g.) in ether (25 c.c.) was added in small portions, the strongly exothermic reaction 
being moderated by frequent cooling in water. The phenoxide was deposited as a greyish-white 
solid, and the reaction was completed by 2 hours’ gentle heating. The supernatant solution 
was decanted through the side-tube of the reaction flask, and the residual phenoxide cooled to 
0° and slowly treated with a solution of carbonyl chloride (6-2 g.) in toluene (30 c.c.). Reaction 
took place rapidly, with formation of a white gelatinous precipitate. After some hours, the 
toluene solution was filtered, and the excess of carbonyl chloride removed in a stream of air. 
Spontaneous evaporation of the solution yielded a white solid, which was washed with water, 
dried, and crystallised from ligroin. Phenyl carbonate was thus obtained in large, well-formed 
crystals, m. p. 79—81°, not depressed by an authentic specimen. The yield (9 g.; 66%) 
compares favourably with that obtained in the interaction of carbonyl chloride with the alkali 
phenoxides. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, November 30th, 1938.] 
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72. Infra-red Spectra in the 3u Region of Naphthalene, «- and B-Methyl- 
naphthalenes, Quinoline, and isoQuinoline : An Aid to Analysis. 


By Joun JacosB Fox and ALBERT EDWARD MARTIN. 


Absorption spectra of naphthalene, quinoline, isoquinoline, and «- and 6-methyl- 
naphthalenes, in carbon tetrachloride solution, have been examined in the region 2-6— 
3-8u, with sufficient resolution to give all details of the bands. The first three com- 
pounds have a region of absorption, with somewhat complex structure, at about 3-27p, 
arising from CH groups, and the remaining two compounds have in addition, at longer 
wave-lengths up to 3-5u, a set of bands attributable to the CH; group. The spectra of 
quinoline and isoquinoline differ sufficiently to be used as a means of identification and 
estimation. Quinoline and «-methylnaphthalene have spectra which in some ways 
resemble those of simple benzene derivatives in the 3-27 region, while isoquinoline 
and $-methylnaphthalene are more like naphthalene. It is pointed out that the m. p.’s 
of these 8-substituted compounds, although lower than that of naphthalene, are con- 
siderably higher than those of the «-substituted compounds, and this appears to be 
general. 


It is not well known that infra-red absorption spectra may be employed as a practical 
method for the identification and frequently for the determination of certain substances, 
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Graphical separation of the absorption bands of naphthalene in carbon tetrachloride (cf. Fig. 2). 
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alone or in admixture, provided that instruments of sufficient resolving power are avail- 
able. The ordinary rock-salt prism. apparatus is not generally suitable for the purpose. 
Fic. 2. 
Naphthalene: Quinoline: /soQuinoline: 
01 mol/l. ; 0-114 mol/l; 0-114 mol. fl. 
| 74mm. layer. 1-74 mm. layer. 1-74.mm.layer. 
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The present communication deals, amongst other matters, with a method for determining 
the proportion of isoquinoline present in quinoline, an impurity which may be found in 
small proportion in quinoline prepared from coal tar. Essentially, the method depends 
upon the fact that with infra-red spectrometers of adequate resolving pgwer the funda- 
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TABLE I. 


Infra-red Frequencies in the Region of 3000 cm.-. 
: Bi hy : a-Methyl- B-Methyl- 
Naphthalene. Quinoline. isoQuinoline. naphthalene. naphthalene. 
3092 3091 3099 
K. f. No. k. J. No. x. FA 
12-4 17-1 1 6-7 11-9 1 8-1 11-1 


3068 
39-7 . m oni 
/ ‘ 43-3 ~50 


3034 
14-1 
3022 
10-0 
3005 
8-5 
2982 
6-7 
2074 
25-0 - 
2965 2948 
‘ y . 22-6 
2931 
17-1 
2908 
18-3 
~2890 
(weak) 


some S008 
8 160 19-2 8 16-1 
~2740 ~2740 
9 (weak) 9 (weak) 


Raman frequencies in the region of 3000 cm.-} (intensities in parenthesis). 


3001 (1) 3011 (1) 
3025 (0) 3020 (3) 
3054 (12) 3062 (3) 3058 (3) 3062 (0) 3057 (0) 


CH, frequencies are underlined. The frequencies ~2740 cm.~! for a- and 8-methylnaphthalene often 
appear for compounds with methyl groups; the bands are weak, however, and cannot be fundamentals. 
Frequency ~2920 of the CH, appears split (2931, 2908) in the a-compound. 

Under each infra-red frequency in Table I are figures which refer respectively to the number of the 
band in the figure, the molecular extinction coefficient at the maximum of the band (see Fig. 1), and 
the band width, f (in cm.—), at half extinction. The integrated area of a band is approximately 1-4 frmax. 
(loc. cit., 1938). 

Naphthalene, isoquinoline, and £-methylnaphthalene have for their region of maximum absorption 
a sharp peak (split in the case of naphthalene) with centre about 3057 cm.-?. Quinoline has a triple- 
headed band in the same region, somewhat like the triple band characteristic of simple benzene 
derivatives. The centre of the band is about 3058 cm.-! (3-27), and this frequency is close to the 
centre of the group of bands of benzene. a-Methylnaphthalene has a broad band with centre 3055 cm.-" ; 
its width is comparable with that of the benzene group. 

The Raman frequencies are due to the following authors : 

Naphthalene (cryst.). Ananthakrishnan, Proc. Indian Acad. Sci., 1937, 5, A, 200. Other workers 
give only one line (for solid, liquid, and solutions); mean value for liquid is 3061, Gockel, Z. physikal. 
Chem., 1935, B, 29, 79. 

Quinoline and isoquinoline. Bonino and Manzoni-Ansidei, Mem. Accad. sci. Inst. Bologna, Classe 
sci. fis., 1934, 9, 3. Other workers give only one line for the quinolines : 3054 for quinoline, Bonino and 
Cella, Atti R. Accad. Lincei, 1932, 15, 385; 3056 (5) for quinoline and 3047 (8) for isoquinoline, 
Jatkar, Indian J. Physics, 1936, 10, 23. 

a- and B-Methylnaphthalene. Gockel (loc. cit.). Earlier values by Ziemecki, Z. Physik, 1932, 78, 123, 


3059 (4) for both substances. 
The Raman data are rather discordant, but broadly, the most important line in the region 2700— 


3100 cm.-! corresponds, within a few cm.-!, to the main infra-red absorption band (~3060 cm.-') for 
the five compoundsexamined. Similarly, the weaker Raman lines are quite close to infra-red frequencies. 
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mental C-H vibrations in the 3u region of the spectrum may exhibit considerable changes 
in character and shape on passing from one compound to another. : 

A study of C-H vibrations in organic molecules has been reported in some detail in 
the special case of CH, groups in varied types of molecule (Proc. Roy. Soc., 1938, A, 167, 
257). It has been shown (ibid., 1937, A, 162, 419) that, generally, in solution in carbon 
tetrachloride, compounds containing a phenyl group are characterised by three bands at 
about 3-27y, well separated from the aliphatic CH bands which are found at longer wave- 
lengths extending to 3-5y. In the present work we desired to see in what way the spectra 
of polycyclic compounds differed from the simple benzene derivatives. Five compounds 
are here reported : naphthalene, «- and §-methylnaphthalene, quinoline, and zsoquinoline. 


EXPERIMENTAL. 

The grating apparatus and technique have already been described (loc. cit.). A wave- 
length range from 2-6 to 3-8u was covered, and where a part of this region is omitted in the 
absorption curves it may be taken that the absorption under our conditions of measurement is 
negligible. The substances were all examined in carbon tetrachloride solution at a concentra- 
tion of approximately 0-1m, with a cell length of 1-74 mm., and temperature of 18—20°. Posi- 
tions of the maxima of the sharper bands could be determined accurately to 1 cm.-, and the 
method of graphical separation of bands and intensity estimation already described (loc. cit., 
1938) was employed. Fig. 1 illustrates this and gives some idea of the precision obtainable. 

The methylnaphthalenes were purified and checked by their picrates (a-picrate, m. p. 141-5°; 
8-picrate, m. p. 117-5°; Heilbron gives 141—142° and 115—116° respectively). Synthetic 
quinoline was used in preference to the coal-tar product as a standard since it was found that, 
in addition to isoquinoline, the latter was liable to contain methylnaphthalenes. 

Figs. 2 and 3 show the results obtained. All the compounds have an intense absorption 
band in the region of 3-27, as have benzene derivatives; but the structure of the band is more 
complex for the polycyclic compounds of Fig. 2, and several bands appear in the region 3-3— 
3-5u which normally contains aliphatic C-H frequencies. A general examination of the curves 
indicates that the 3-27 band has roughly the same shape for naphthalene, isoquinoline, and 
6-methylnaphthalene on the one hand, and for «-methylnaphthalene and quinoline on the other. 
Table I emphasises this and gives full details of the bands. A significant point is that for 
a-methylnaphthalene and quinoline the band is wider and more like the bands obtained with 
benzene derivatives. The implication is that substituents in the «-position disturb the typical 
naphthalene vibrations more than do substituents in the $-position, and that in some ways 
the former compounds are akin to a benzene ring with a side chain. Consideration of the 
m. p.’s of many «- and $-substituted compounds strengthens this view, and by reference to Table 
II it will be seen that the m. p. of the B- is higher than that of the «-compound. This table can 


TaBLeE II. 
Naphthalene, m. p. 80-3°. 

Substituted in a-position. Substituted in £-position. 
Quinoline, m. p. ~ — 20° isoQuinoline, m. p. 24-6° 
a-Methylnaphthalene, m. p. — 22° B-Methylnaphthalene, m. p. 37—38° 
a-Chloronaphthalene (liquid at room temp.) B-Chloronaphthalene, m. p. 61° 
a-Naphthylamine, m. p. 50° B-Naphthylamine, m. p. 113° 


be considerably extended from recorded data, and it may be noted also that the observation 
regarding m. p.’s extends to derivatives of anthracene (m. p. 217°) to an even greater degree ; 
thus l-methylanthracene has m. p. 85—86° and the 2-methylanthracene has m. p. 207° (9- 
methylanthracene has m. p. 81-5°)._ In the case of the methylnaphthalenes, the B-compound is 
a solid at ordinary temperature, not unlike naphthalene in appearance and smell, but melting 
at a lower temperature; the a-compound is a liquid at the ordinary temperature. Similarly 
isoquinoline more closely resembles naphthalene in general physical properties (including infra- 
red absorption) than does quinoline. The characteristic smell of quinoline is absent in iso- 
quinoline, which has a modified naphthalene odour. 

Determination of isoQuinoline in Quinoline or vice versa.—For this purpose, a wave-length 
is chosen where the spectra of the two compounds differ as much as possible. Convenient 
wave-lengths are those corresponding to the maxima of bands 2 and 3 in quinoline (Fig. 2). 
Admixture of isoquinoline has the effect of increasing band 2 and reducing band 3, and a simple 
calculation enables the proportion of isoquinoline to be determined, it being assumed, of course, 
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that no other substances are present with absorption in this region. The apparatus should be 
calibrated by means of solutions of known concentration; differences of 1% in the content of 
isoquinoline should be detectable. 

The optical density of a solution is defined as d = log, /)/1, where I, is the intensity of the 
light passing through a cell containing solvent alone at a given wave-length, and J is the light 
transmitted through the solution; d is proportional to the amount of absorbing material in the 
light path, 7.e., proportional to the concentration provided that the cell length is kept constant. 
The molecular extinction coefficient x is obtained from d by the relation x = d/cl, where c 
is the concentration of the solution in mol./l. and / is the cell length in cm. To determine the 
constituents of the binary mixture, advantage is taken of the variation of the optical density 
at a chosen wave-length, and of the fact that the optical density is additive in the conditions 
of the experiment. If the wave-lengths corresponding to the maxima of bands 2 and 3 of 
quinoline are 4, and ,, the measurements under the conditions of Fig. 2 can be summarised as 


follows : 
Absorption at A. Absorption at dg. 


Quinoline 763% (d = 0-625)  81-0% (d = 0-721) 
isoQuinoline 90-5% (d = 1-022)  63-2% (d = 0-434) 


ca me d = 0-625 +0-397x d = 0-721 — 0-287% 


CH, Bands.—In another connexion we have examined a variety of hydrocarbons containing 
methyl groups, and we can state that, in general, four bands between 3-33 and 3-50y are attribu- 
table to methyl groups, and moreover, the four frequencies vary but little from one compound 
to another. With a- and 8-methylnaphthalene the methyl bands are mixed up with small 
bands in the same region of the spectrum, similar to those which appear in naphthalene and the 
quinolines. A fairly satisfactory separation of the bands can be made, and details are given in 
Table I. 


Our thanks are due to Mr. F. S. Benge for his assistance in this work. 
GOVERNMENT LABORATORY, LONDON, W.C. 2. [Received, December 13th, 1938.] 





73. The Acidic Oxidation Products of Lwpenyl Esters: The Addition of 
Hydrogen Chloride to Lupeol. 


By A. DUERDEN, I. M. HEILBRON, W. MCMEEKING, and F. S. SPRING. 


In addition to the neutral products previously described (J., 1938, 329) the oxida- 
tion of lupenyl acetate with ozone and with chromic anhydride gives rise respectively 
to what appear to be isomeric acetyl monocarboxylic acids CygH,,O, (or C.,H,,O3). 
Lupeol reacts with hydrogen chloride, giving lupeol hydrochloride, from which iso- 
lupenyl acetate is obtained by removal of hydrogen chloride with acetic anhydride. 


WE recently described a neutral product formed by the oxidation of lupenyl acetate 
with both ozone and chromic anhydride and reported that the acidic products simul- 
taneously obtained in each reaction were being investigated (Heilbron, Kennedy, and Spring, 
J., 1938, 329). Although this investigation has not as yet been completed, we record our 
results at this stage in view of the appearance of memoirs on the same subject by Dieterle 
and Biedebach (Arch. Pharm., 1938, 276, 312) and by Ruzicka, Schellenberg, and Rosen- 
kranz (Helv. Chim. Acta, 1938, 21, 1391). 

Ozonolysis of lupenyl acetate in chloroform solution gives a mixture of non-volatile 
products, from which potassium hydroxide extracts the soluble potassium salt of a crystal- 
line acid, m. p. 272° (acetate-acid A). Neither the acetate-acid A nor its methyl ester 
gives a coloration with tetranitromethane in chloroform solution, and analyses of both 
indicate that the parent hydroxy-acid has the molecular formula Cy9H;903 (or C,).H,,03). 

Ozonolysis of lupenyl benzoate yields an amorphous acidic product, which on hydrolysis 
gives the same hydroxy-acid A, m. p. 262—264°, as is obtained on hydrolysis of the 
acetate-acid A. 

Oxidation of lupenyl acetate with chromic anhydride gives the acid (acetate-acid B) 
first prepared by Cohen (Rec. Trav. chim., 1909, 28, 368) and again described by Ruzicka, 
Schellenberg, and Rosenkranz (loc. cit.). In agreement with the latter authors we find 
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that this acid exhibits no selective absorption in the ultra-violet and gives no coloration 
with tetranitromethane. Treatment with acetic anhydride yields an acetate-anhydride [the 
“ diacetate ’’ of Cohen (loc. cit.)] which on recrystallisation from methyl alcohol readily 
regenerates the acetate-acid B, a behaviour comparable in all respects with that of oleanolic 
and ursolic acids on similar treatment. Oxidation of lupenyl benzoate with chromic 
anhydride gives a crystalline benzoate-acid, m. p. 320—322°. The relationship of this to 
the acetate-acid B has been established by its hydrolysis, followed by acetylation and 
esterification by diazomethane. The acetate-methyl ester so obtained was identical with 
that prepared directly from the acetate-acid B. 

Treatment of lupeol with hydrogen chloride yields lupeol hydrochloride, m. p. 195—196° 
(decomp.). Removal of hydrogen chloride from this compound proved to be difficult, the 
hydrochloride being recovered unchanged after heating with an alcoholic solution of potas- 
sium acetate, with pyridine, or with alcoholic potassium hydroxide solution. The reaction 
was effected, however, by heating either with dimethylaniline or better with acetic an- 
hydride; an isolupenyl acetate, m. p. 269—270°, was then obtained. Removal of hydrogen 
chloride from lupeol hydrochloride was also accomplished by heating with silver acetate, 
but in this case lupenyl acetate was the product. This reaction shows that the formation 
of the hydrochloride has been achieved by simple addition without rearrangement; the 
relationship of lupeol and isolupeol can be provisionally represented thus : 


ny, 


Lupeol hydrochloride. isoLupeol. 


Ozonolysis of isolupenyl acetate gave formaldehyde in 6% yield, and a parallel experiment 
with lupenyl acetate gave an 18% yield, pointing to a possible degree of mobility between 
the endocyclic bond of isolupeol and the exocyclic bond of lupeol. The mixture from the 
mother-liquors obtained in the preparation of lupeol hydrochloride, on heating with 
acetic anhydride, gave, in addition to isolupenyl acetate, an isomeric acetate, m. p. 230— 
232°, which, although having the same m. p. as $-amyrenyl acetate, showed a large de- 
pression on admixture with this substance. 


EXPERIMENTAL. 

All m. p.’s are uncorrected. 

Ozonolysis of Lupenyl Acetate-——The aqueous potassium hydroxide extract obtained from 
the non-volatile product of the ozonolysis of lupenyl acetate (see J., 1938, 333) was acidified 
and extracted with ether. Removal of solvent from the dried solution yielded a slightly 
resinous solid (5-5 g. from 10 g. of lupenyl acetate), which was crystallised successively from 
alcohol (charcoal), ethyl acetate, and aqueous-alcohol, from which the acetate-acid A separated 
in flat needles, m. p. 272° (Found: C, 76-3; H, 10-3. C3,H,,O, requires C, 76-7; H, 10-5. 
C,,H,;,0, requires C, 76-5; H, 10-6%). The methyl ester, obtained by means of diazomethane, 
formed prisms (alcohol), m. p. 232—234° (Found: C, 76-8; H, 10-5. C,,H,;,O, requires C, 
77-0; H, 10-6. C,,H,;,0, requires C, 76-7; H, 10-5%). 

Hydroxy-acid A.—The acetate-acid A was heated under reflux with a large excess of alcoholic 
potassium hydroxide (5%) for 4 hours. The product was crystallised from glacial acetic acid 
and finally from alcohol, from which it separated in long needles, m. p. 262—264° (Found: C, 
76-4; H, 10-7. C3 9H,9O3,C,H,-OH requires C, 76-0; H, 11-2%). 

Ozonolysis of Lupenyl Benzoate——The ozonolysis was effected exactly as in the case of 
lupenyl acetate. The acid fraction could not be obtained crystalline; it was therefore hydro- 
lysed, and the product repeatedly crystallised from alcohol, the hydroxy-acid A, m. p. 262— 
264°, then obtained being identical with that from lupenyl] acetate. 

Oxidation of Lupenyl Esters with Chromic Anhydride.—(a) Lupenyl acetate. The insoluble 
potassium salt (J., 1938, 333) was treated with dilute mineral acid, and the solid collected and 





324 The Acidic Oxidation Products of Lupenyl Esters. 


washed. Attempts to obtain the acetate-acid B in crystalline form from alcohol, acetic acid, 
acetone, ethyl acetate and benzene—alcohol were unsuccessful. From alcohol it was obtained 
as a powder, m. p. 296° [Cohen (loc. cit.) gives m. p. 295°; Ruzicka, Schellenberg, and Rosenkranz 
(loc. cit.) give m. p. 295—297° (corr.)] (Found : C, 76-1, 76-3; H, 10-1, 10-2. Calc. for C,.H;,0, : 
C, 76-7; H, 10-5%. Calc. for C3,Hsg0,: C, 76-5; H, 10-6%). The methyl ester, prepared by 
means of diazomethane, separated from alcohol in plates, m. p. 268—272° [Ruzicka e? al. 
(loc. cit.) give m. p. 260—262° (corr.)] (Found : C, 76-5, 76-7; H, 10-1, 10-3. Calc. for C,,H;,0, : 
C, 77-0; H, 10-6%. Calc. for C3,H,,0,: C, 76-7; H, 10-5%). The acetate-anhydride was pre- 
pared by heating the acetate-acid (1 g.) with acetic anhydride (40 c.c.) for 4 hours; the solid 
deposited on cooling crystallised from dry light petroleum in plates, m. p. 195—197°, resolidifying 
and melting again at 277—284° (Cohen, loc. cit., gives 198° and “ over 260°’) (Found: C, 
75-7; H, 10-35. C,,H,,O, requires C, 75-2; H, 10-5%). Crystallisation of the acetate- 
anhydride from methyl] alcohol regenerated the acetate-acid, B, m. p. 296°. 

(b) Lupenyl benzoate. The oxidation was effected as in the case of the acetate. The benzo- 
ate-acid separated from alcohol in fine needles, m. p. 320—322° [Ruzicka et al. (loc. cit.) give 
m. p. 328—329° (corr.) in a high vacuum] (Found: C, 78-7; H, 9-1. Calc. for C,,H;,O, : 
C, 79:0; H, 9-7%. Calc. for C,,H,,0,: C, 78-8; H, 955%). The methyl ester separated 
from alcohol in flat needles, m. p. 266—268° [Ruzicka e¢ al. give m. p. 273° (corr.)}] (Found : 
C, 79:0; H, 9-9. Calc. for C,,H;,0,: C, 79-1; H, 9-8%. Calc. for C3,H,,O,: C, 79-0; 
H, 9-7%). 

Hydroxy-acid B.—The acetate-acid B (1 g.) was heated under reflux with 5% alcoholic potash 
for 12 hours. The solution was poured into water and acidified with dilute hydrochloric acid. 
The hydroxy-acid B was extracted with ether and after removal of solvent from the washed 
and dried solution the residue was repeatedly crystallised from acetone, from which it separated 
in microscopic needles, m. p. 278—280° (Cohen, Joc. cit., gives 282°; Ruzicka, Schellenberg, and 
Rosenkranz, loc. cit., give 291—292° in an evacuated m. p. tube) (Found: C, 78-6; H, 10-95. 
Calc. for Cyg5H;,0,: C, 78-5; H, 110%. Calc. for C,,H,,0O,;: C, 78-3; H, 10-9%). 

Lupeol Hydrochloride.—A solution of lupeol (10 g.) in alcohol (270 c.c.) was treated with a 
saturated solution of hydrogen chloride in alcohol (300 c.c.). After 2 days the separated solid 
(5 g.) was collected and repeatedly crystallised from alcohol, from which the hydrochloride separ- 
ated in rosettes of fine needles, m. p. 195—196°, [«]7? — 10-3° (1 = 1, c = 0-9 in chloroform) 
(Found: C, 77-6; H, 10-8; Cl, 7-5. C,,H,;,OCl requires C, 77-8; H, 11-0; Cl, 7-7%). 

Lupenyl Acetate from Lupeol Hydrochloride——The hydrochloride (0-75 g.) and silver 
acetate (1-0 g.) were heated under reflux with alcohol (20 c.c.) for 3 days. After the addition 
of water the product was isolated by means of ether and heated under reflux with acetic anhydride 
(5c.c.) for 2 hours. Crystallisation from alcohol gave lupeny] acetate, m. p. 212—213° alone and 
in admixture with an authentic specimen. 

isoLupenyl Acetate-—(a) A solution of lupeol hydrochloride in dimethylaniline (10 c.c.) was 
heated under reflux for 24 hours. After dilution with water the mixture was extracted with 
ether, and the extract washed successively with dilute hydrochloric acid and water. The solid 
obtained after removal of the solvent was free from halogen but proved difficult to crystallise. 
It was therefore acetylated by heating with acetic anhydride; the product crystallised from 
alcohol in plates of isolupenyl acetate, m. p. 269—270°, [a]} + 25-26° (1 = 1, c = 0-95 in chloro- 
form) (Found: C, 81:7; H, 11-0. C,,H;,0, requires C, 82-0; H, 11-2%). isoLupenyl acetate 
gives a yellow coloration with tetranitromethane in chloroform solution. 

(b) Lupeol hydrochloride (0-5 g.) was heated under reflux with acetic anhydride for 20 hours. 
The crystalline mass separating on cooling was recrystallised from alcohol, giving isolupeny] 
acetate in plates, m. p. 269—270°, identical with that described under (a). 

Acetate, m. p. 231—232°.—The alcoholic hydrogen chloride mother-liquors obtained in the 
preparation of lupeol hydrochloride were diluted with water and the solid was collected, dried, 
and heated under reflux with acetic anhydride (20 c.c.) for 2 hours; the product was fractionally 
crystallised from alcohol. The less soluble fraction was repeatedly crystallised from methyl 
alcohol, giving a further small quantity of isolupenyl acetate. The more soluble fraction was 
crystallised six times from alcohol and six times from ethyl alcohol—methy] alcohol; the acetate 
was then obtained in needles with the constant m. p. 231—232° (Found: C, 81-8; H, 10-8. 
C3,H,;,0, requires C, 82-0; H, 11-2%). 


We desire to record our thanks to the Rockefeller Foundation for a grant in aid of this 
work. 
THE UNIVERSITY, MANCHESTER. (Received, January 17th, 1939.] 
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74. The Drainage of Viscometers and Pipettes. 
By GRINNELL JONES and EDNA FERRELL. 


The drainage of liquids in viscometers and pipettes has been studied as a function 
of the time of outflow, the shape and size of the glass surface, and the properties 
of the experimental liquid. It is shown that for a given surface and volume, the 
total volume of after-drainage multiplied by the time of outflow is a constant for 
any given liquid, and that this constant is proportional to the kinematic viscosity, and 
independent of the surface tension of the liquid. The error due to incomplete drain- 
age in viscometers and pipettes is discussed. Pipettes having the shape of a double 
cone are superior to cylindrical and spherical pipettes. 


THE drainage of liquids from viscometers and pipettes and burettes is never complete. 
The volume of liquid retained on the inner walls may be influenced by the shape and the 
area of these walls, the temperature, the time of outflow, the viscosity, the density, and 
perhaps also the surface tension of the liquid. Viscometers, pipettes, and burettes are 
commonly calibrated with water and then used with solutions or other liquids. If the 
volume of the other liquid retained on the walls under the actual conditions of use differs 
from the volume of water retained during the calibration there will be an error due to 
this difference in drainage. Some aspects of this error in volumetric analysis have already 
been studied (Schloesser, Z. anal. Chem., 1907, 46, 392; Z. angew. Chem., 1908, 21, 833; 
Chem. Ztg., 1906, 30,1071; Stott, J. Soc. Glass Techn., 1921, 5, 307; 1923, 7, 169; Osborne 
and Veazey, Bull. Bur. Stand., 1908, 4, 553). Our own interest in the problem had its 
origin in concern as to the magnitude of the drainage error in precision viscometry. The 
existence of such an error has been recognised (Bingham and Young, J. Ind. Eng. Chem., 
1922, 14, 1130; Herschel, J. Opt. Soc. Amer., 1922, 6, 875; Cannon and Fenske, O7/ and Gas 
J., 1935, April 11, p. 52; McCluer and Fenske, Ind. Eng. Chem., 1935, 27, 83; Broom, 
J. Inst. Petr. Techn., 1936, 22, 23; Ubbelohde, zbid., 1933, 19, 413; Ind. Eng. Chem., 
Anal., 1936, 9, 88), but the data in the literature were nearly all obtained with heavy oils 
many times more viscous than water, and the conclusions reached by different investigators 
are somewhat contradictory. A number of improvements in the technique of viscometry 
have recently been made in this laboratory (Grinnell Jones and collaborators, J. Amer. 
Chem. Soc., 1929, 51, 2950; 1933, 55, 624, 4124; 1935, 57, 2041; 1936, 58, 619, 2558; 
1937, 59, 484, 1630; 1938, 60, 1683; Physics, 1933, 4, 215) which have substantially 
increased the precision attainable by means of the Ostwald viscometer. This has made 
it desirable to reconsider the question of drainage error in viscometry. 

The absolute drainage error is the total volume between the upper and the lower 
fiducial mark on the measuring bulb of the viscometer (or pipette) minus the volume of the 
liquid actually delivered under the conditions of the experiment, divided by the total 
volume. The relative drainage error is the difference between the absolute drainage of the 
liquid under investigation and that of the water (or other standard of reference) used for 
calibration. The absolute drainage error can be determined most conveniently in two 
parts: (a) the “ after-drainage,” which will drain out from the measuring bulb during 
a protracted period following the passage of the meniscus, and (b) the ‘‘ wetting film,” 
which remains on the inner surface even after protracted drainage. A preliminary paper 
on this subject (Grinnell Jones and Stauffer, J. Amer. Chem. Soc., 1937, 59, 1630) described 
an improved technique for determining the magnitude of the error and included some data 
on the effect of variations in the time of outflow, water and three solutions being used, 
but only one pipette. The purpose of the present investigation is to extend this work 
in several directions to determine (1) the effect of much more rapid efflux such as is com- 
monly used in pipettes, (2) the influence of variations in shape of the bulb, and (3) the 
magnitude of the error when other liquids differing appreciably from water in viscosity, 
density, and surface tension are used. 


EXPERIMENTAL. 


Fig. 1 shows the special viscometer which permits the liquid under investigation to be 
forced from the bulb, B, through the cock, S, and the capillary, C, into the reservoir, R, by apply- 
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ing any desired pressure. Auxiliary equipment not shown in the figure consists of (1) a tank 
of compressed air with pressure regulator and manometer attached to the cross head; (2) 
a coil-spring mechanism with electromagnetic release which opens or closes the cock, S, when- 
ever an electric contact key is closed; (3) a chronograph which records the time whenever a 
key is touched; (4) a thermostat to maintain a temperature of 25°; (5) a cathetometer with 
a cross-hair, adjustable vertically by a micrometer screw for observing the meniscus. At the 
beginning of the experiment the liquid to be studied was placed in the instrument from the upper 
mark, F, to the lower part of the reservoir, R, with the cock, S, closed, and the desired pressure 
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applied. The flow was then started by touching the contact key which opened the cock, S, 
and recorded the tinie on the chronograph. When the bulb had become empty and the meniscus 
had reached some predetermined mark in the tube, M, the contact key was touched, thus closing 
the cock, S, and stopping the flow and recording the time. The lowest position of the meniscus 
was observed and recorded, and then the rise of the meniscus in the tube, M, due to after- 
drainage from the walls of the bulb, B, was observed as a function of time. The instant the 
meniscus was observed to become tangential to the cross-hair, the time was recorded on the 
chronograph; the cross-hair was then,raised a known amount by means of the micrometer 
screw, and the record of the time at successive heights repeated until drainage ceased, which 
often required about } hour. The viscometer was then removed from the thermostat, dried 
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externally, separated at the ground joints, then the few drops in the tube, M, removed by 
touching with a piece of dry filter-paper, the ends capped, and the entire pipette weighed. The 
excess of weight over that of the instrument when dried internally gives the wetting film. The 
entire experiment may then be repeated with a different pressure, thus changing the time of 
outflow, or with a different liquid. For the present work with other liquids and at greater 
speeds of flow, two additional instruments were constructed which were similar and inter- 
changeable except that the capillaries, C, were approximately 0-08 and 0-09 cm. in diameter 
severally, instead of 0-05 cm. as in the original viscometer, thus permitting more rapid outflow, 
without requiring a driving pressure so great as to be troublesome. Also another pipette, B’, 
16 c.c. in volume was provided which was made as nearly as possible identical with the original 
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pipette, B, except that the graduated tube below the bulb was smaller in bore and therefore 
the volume of after-drainage could be read with greater precision. In order to determine the 
effect of the shape of the bulb on the drainage, three new pipettes were constructed, each having 
a volume of 10 c.c. (see Fig. 2). The pipette, X, had cylindrical side walls but the upper and 
the lower part of the bulb were made as nearly conical as possible. 

The conical pipette, Y, was designed to give the most favourable conditions for drainage. 
It was assumed that the amount of liquid, E, retained on the inner walls at the instant when the 
pipette has emptied itself would be proportional to the surface, S, and also to the secant of the 
angle, 8, between the wall and the vertical axis (the semi-vertical angle of the cone); 7.e., E = 
kS sec 6. Then it can be computed that for a given volume the amount of liquid retained 
on the walls would be a minimum if tan 6 = +/0-2, or 9 = 24°. This most favourable angle is 
the same for the upper and the lower cone and is independent of the volume desired. To give 
a volume of 10 c.c., the internal diameter at the widest part should be 2-6 cm. and the height 
5-7cm. The glassblower was instructed to meet these specifications as closely as he could. Of 
course, the upper and the lower cone should not and do not meet at a sharp angle because the - 
liquid meniscus which would be formed in such an angle would increase the liquid retained. 
However, the operations of glassblowing eliminate this sharp angle. No extra liquid will be 
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retained at this junction if the curvature of the glass surface at the junction is less than the 
curvature of the meniscus which would be formed. 

Pipette Z had a bulb which was as nearly spherical as a skilled glassblower could make it, 
with a radius of about 1-34 cm. 

The earlier work indicated that the drainage is a simple function of the kinematic viscosity, 
or viscosity divided by the density, y/d, but is independent of the surface tension. Water, 
methanol, »-butanol, and 1-46N-potassium chloride solution were selected for investigation and 
comparison to test the generality of these conclusions (see Table I). The last solution was 
selected because it has the same viscosity as water (Grinnell Jones and Talley, J. Amer. Chem. 
Soc., 1933, 55, 4124), but a different density and surface tension. Methanol and butanol are 

Fic. 4 nearly alike in density and surface tension, but 
mien differ five-fold in viscosity. Both have a 
30-4 surface tension approximately one-third of 
that of water. Both these alcohols were the 
best quality that could be purchased, and 
were carefully dehydrated, distilled through a 
good fractionating column 75 cm. long, and 
stored in such a manner as to protect them 
from atmospheric moisture. The portions 
collected for use boiled at 64-65° + 0-02° and 
117-57° + 0-02°, respectively. 

Figs. 3, 4, and 5 depict the rate of after- 
drainage for water, methanol, and butanol. 
The time of outflow in seconds (which depends 
on the driving pressure applied) is shown at 
the upper end of each curve. In comparing 
these curves due allowance must be made for 
the differences in scale. The great difference 
in the rate of after-drainage for these liquids 
is apparent. The rate of after-drainage is 
evidently closely related to the viscosity of the 
liquid. Similar curves have been obtained 
with 1-46N-potassium chloride in the same 
pipette, and with water in pipettes of different 
shapes, but these curves and the actual 

Tine an ap pete bag seconds 00 numerical data on which they are based are 

Rete of after-drainage a —_ ae omitted for the sake of brevity since they have 

’ revealed nothing not apparent from the figures 

shown. These curves resemble those found by Osborne and Veazey (loc. cit.) in experiments 
on the drainage of water from pipettes and burettes. 

However, in the measurement of viscosity it is impossible to wait for the after-drainage ; 
and in the use of pipettes, although it would be possible to wait for the after-drainage, it is in- 
convenient and not customary to do so. Therefore the total volume of after-drainage plus 
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TABLE I. 
&. 7: n/d. oe. ee. ]- n/d. o. 
0-99707 1-000 1-003 71-97 CH,°OH ... 0:7865 0-6084 0-7736 22-17 
1-46N-KCl ... 10633 1-000 0-9377 74:4 C,H,°OH ... 0-8057 2-902 3-602 24-6 


the wetting film, which determines the drainage error, is more important than the rate of after- 
drainage. Jones and Stauffer found that the total volume of after-drainage, AV, multiplied 
by the time of outflow, #, is a constant for any given pipette and liquid, within the limit of error 
of the measurements which may amount to 10% owing to the small volume being measured ; 
i.e.,t.4V = K. Comparing water and two different aqueous solutions of sucrose and one 
extremely viscous solution of calcium ferrocyanide in the same pipette, they found that this 
constant was proportional to the kinematic viscosity of the liquid used up to a viscosity double 
that of water, and at least approximately proportional to the kinematic viscosity for a solution 
having a viscosity 15 times that of water; or ¢. AV = ay/d, where « is a constant for any given 
pipette independent of the rate of discharge or the liquid used. However, none of these 
liquids differed appreciably in surface tension. The experimental data given in Table II and 
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shown in Fig. 6 prove that this same relationship holds for water, methanol, butanol, and for 
a 1-46N-potassium chloride solution, in spite of substantial differences in surface tension. The 
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new data also show that this law is valid for rates of outflow nearly 3 times as great as the fastest 
used by Stauffer. Jones and Stauffer have pointed out that this law leads to an automatic com- 
pensation which has the effect of eliminating the error due to after-drainage in relative measure- 
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TABLE II. 


Total After-Drainage at Various Outflow Times for Several Liquids. 


Water (a = td. AV /n = 0-58). 
Total vol. Total vol. Total vol. 
Time of of after- Time of of after- Time of of after- 
efflux, drainage, efflux, drainage, efflux, drainage, 
(t), secs. (AV), ml. ¢.AV=K. (é), secs. (AV), ml. ¢.AV=K. (#), secs. (AV), ml. #¢.AV=K. 


Water. 
32-6 0-0183 
33-3 0-0175 
36-1 0-0175 
49 0-0121 
49-9 0-0119 
53-8 0-0104 
72-2 0-0079 
76-5 0-0077 


1-46N-Potassium chloride solution. 


Total vol. Total vol. 
Time of of after- Time of of after- 
efflux, drainage, a= efflux, drainage, a= 
(t), secs. (AV), ml. #.AV=K. td. AV/y. (t), secs. (AV), ml. #.AV=K. td. AV/y. 
29-7 0-0184 0-55 0-58 51-3 0-0107 0-55 0-58 
32-1 0-0168 0-54 0-57 63-6 0-0089 0-57 
34-4 0-0157 0-54 0-57 75°5 0-0071 0-54 
Means 0-55 


82-4 0-0073 
89-2 0-0067 
89-9 0-0063 
91-8 0-0063 
97-3 0-0058 
110 0-0054 
114-9 0-0050 
Mean value for K = 


0-0704 
0-0479 
0-0454 
0-0375 
0-0367 
0-0333 
0-0267 
0-0246 
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Methanol. 


30-2 0-0154 ; . 68-7 0-0064 
30-4 0-0154 , , 80-7 0-0055 
33-7 0-0121 . . 86-9 0-0054 
34-8 0-0121 . , 87-4 0-0052 
48 0-0093 . : 97-3 0-0046 
58-9 0-0079 , , 104-3 0-0043 
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OO Sea See 


Butanol. 


62-2 0-0311 : , 110-7 0-0225 
79-9 0-0261 ° , 131-3 0-0159 
89-1 0-0236 ° . 227-5 0-0093 
91-1 0-0232 , , 241-9 0-0086 
105-6 0-0196 ° : 322-4 0-0061 


bo RD AD RD RD by 
et et et et et et 


] 


TABLE III. 


The Influence of the Shape and Area of the Surface on the Drainage 
of Water in Pipettes at various Outflow Times. 


Total vol. Total vol. Total vol. 

Time of of after- Time of of after- Time of of after- 

efflux, drainage, efflux, drainage, efflux, drainage, 
(4), secs. (AV), ml. ¢.AV=K. (#), secs. (AV), ml. ¢.AV=K. (#), secs. (AV), ml. ¢.AV = K. 


(i) In cylindrical pipette X. a = td.AV/n = 0-58. 

56-9 0-0102 0-58 62-5  0-0093 0-58 131-1 0-0044 0-58 
58-4 00-0100 0-58 64-9  — 0-0090 0-59 169-9 0-0034 0-58 
98-6  0-0059 0-58 Mean 0-58 


(ii) In conical pipette Y. a= id.AV/n = 0-41. 
0-42 130-5 0-0031 0-40 154-2 0-0026 0-40 
0-41 141-7 0-0029 0-40 173-4 0-0024 0-41 
0-42 148-5 0-0027 0-40 549-4 0-0008 0-42 
Mean 0-41 

(iii) In spherical pipette Z. a = td.AV/n = 0-78. 
0-78 57 0-0136 0-78 180-7 0-0043 0-78 
0-75 76-1 0-0100 0-76 247-9 0-0032 0-79 
0-79 76-1 0-0105 0-80 282-8 0-0027 0-77 
0-76 81-4 0-0098 0-80 290-8 0-0027 0-79 
0-76 152-9 0-0050 0-76 Mean 0-78 
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ments of viscosity. These new data indicate that this automatic compensation is also effective 
with methanol and butanol which differ greatly in surface tension from water, and therefore 
give a strong indication that the automatic compensation may be relied on in all cases. 

The experimental data recorded in Table III and depicted in Fig. 7 show that the value 
of t. AV = K is substantially influenced by the shape of the pipette. Water was used in these 
experiments. It is clear that the conical pipette has the smallest after-drainage and the smallest 
wetting film. It may be inferred from these data that, unless the time of outflow is more than 
97 seconds for the spherical, more than 64 seconds for the cylindrical, and more than 82 seconds 
for the conical pipette, the after-drainage will exceed the wetting film. 

In making absolute measurements of viscosity there would be a significant advantage in 
using a conical pipette, although for relative measurements the automatic compensation referred 
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to above will nullify the advantage if it can be relied on quantitatively and universally. How- 
ever, as has been pointed out by Jones and Fornwalt (J. Amer. Chem. Soc., 1938, 60, 1683), 
the design of viscometers in the cylindrical form with the lower reservoir equal to the upper bulb 
in radius has the advantage that it minimises the error due to surface tension in viscometry. 
In view of the automatic compensation which probably eliminates the drainage error, the cylin- 
drical form is to be preferred in the design of a viscometer. 

For transfer pipettes for use in volumetric analysis, or for quantitative delivery of a definite 
volume of a liquid for any purpose, there is a real advantage in the conical form because the 
automatic compensation is less complete and less reliable. Transfer pipettes, which usually 
drain rapidly in comparison with viscometers and in which the resistance to flow is mainly in 
a constricted tip rather than in a long capillary tube, do not obey Poiseuille’s law, so the time 
of outflow is not strictly proportional to the kinematic viscosity. ~ Moreover, to make the auto- 
matic compensation effective, it would be necessary for the operator to withdraw the pipette 
from the receiver as soon as the meniscus reaches the tip (or lower fiducial mark), so that all 
of the after-drainage is retained in the pipette, both in the standardisation and in use. How- 
ever, this is not the common practice. Some operators wait for an arbitrary time for the after- 
drainage and then blow into the pipette to add a portion of the after-drainage to the receiver. 
The quantitative reproducibility of such a procedure would evidently be improved by a design 
which favours rapid and effective drainage. The conical form is appreciably better than the 
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other forms in this regard. The shorter the delivery time the more important this advantage 
becomes. The specifications of the U.S. Bureau of Standards (Circular No. 9) require that a 
10 c.c. transfer pipette shall have a time of outflow of not more than one minute and not less 
than 20 seconds. The calculated value of the total after-drainage, AV, for each of our pipettes 
is given in Table IV. In the last colum is given the sum of this after-drainage plus the wetting 


TABLE IV. 
Wetting film, AV, calc. for Total in % of 
Pipette. t.AV = K. ml. 20 sec. outflow. vol. of pipette. 
Z, spherical 0-78 0-008 0-039 0-47 
X, cylindrical 0-58 0-009 0-029 0-38 
Y, conical 0-41 0-005 0-021 0-26 


film expressed as a percentage of the volume of the pipette. If the liquid used is a dilute aqueous 
solution with a kinematic viscosity nearly that of water, then its drainage time will be nearly 
the same as that of water, and therefore the accuracy in use of the pipette will depend on the 


reproducibility of the procedure in allowing for drainage. But with a conical pipette the penalty 
for carelessness or haste may be appreciably less than with the usual forms. 


The junior author wishes to express her thanks to the British and American Associations of 
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75. The Inflammation of Mixtures of Air with Diethyl Ether and with 
Various Hydrocarbons at Reduced Pressures: Green Flames. 


By M. S. Hsien and D. T. A. TOWNEND. 


In a recent investigation into the inflammable ranges of diethyl ether—air mix- 
tures, Townend and Chamberlain (Proc. Roy. Soc., 1937, A, 158, 415) observed a 
remarkable variation with pressure of the character of the visible emission from the 
normal flames; in particular, with certain mixtures at reduced pressures intense 


“‘ green ”’ flames were found. 

In this paper it is shown that these green flames are observable to a greater or 
less extent with all the simpler paraffin hydrocarbons, and that they are attributable 
to the C, (Swan) bands which dominate the visible emission at the reduced pressures 


and in the composition ranges indicated. 


In following up White’s investigation (J., 1927, 498) into the dual inflammable ranges of 
ether—air mixtures, Townend and Chamberlain (loc. cit.) formed the opinion that, although 
the normal flames were probably propagated thermally in general accordance with the 
classical Le Chatelier view, yet the cool flames seemed to require an interpretation based 
more on a chain mechanism; for their velocities and composition limits of inflammability 
appeared to depend, not upon the available heat in the mixtures, but upon an initial slow 
reaction between ether and oxygen, the most reactive mixtures being in the molecular 
proportion between 1:1 and 2:1 (¢.e.,18% and 29% of ether in air). Further, these velocities 
were abnormally low, and although within the error of experiment they were approximately 
constant and independent of mixture composition, initial temperature, and pressure, yet 
they were markedly affected by tube diameter; such factors as convection and the area of 
the flame envelope being neglected for the present, the limiting pressures (p) for cool 
flame propagation were found to be related to tube diameter (d) in accordance with 
Semenoff’s relation $d" = const., n being approximately equal to unity. 

Before proceeding with a more thorough investigation of the cool flames and of the 
mechanism by which they give rise to normal flames when the pressure is sufficiently high, 
it was necessary to determine more precisely than had been previously possible both 
the location of the composition limits of inflammability for normal flames and also the 


character of the green flames. 
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For the purpose of the observations recorded herein the inflammable ranges were 
determined in a glass tube 4-5 cm. in diameter and 120 cm. long, closed at both ends and 
mounted horizontally. The tube was housed in a large darkened chamber with apertures 
on the top and on one side for visual observation of the flames. Experiments at various 
initial temperaturés were carried out by heating the tube electrically with asbestos-covered 
nichrome wire, and propagation throughout the length of the tube was adopted as thecriterion 
of limiting inflammability; and although this may be criticised on the grounds that in 
such circumstances the flame may be extinguished before reaching the end of the tube 
owing to compression of some of the medium ahead of it as well as to contraction of the 
burnt products behind it, any error due to such cause is usually not great (cf. White, J., 
1922, 121, 1244), and our main interest was actually concerned with the character of the 
flames in this region. This apart, however, when the effect of wide initial pressure variation 
on the limits of inflammability is being studied, the method is evidently that most con- 
venient, and consistent results may be obtained with it. 

A high-tension spark from an induction coil, passed between two platinum-covered 
electrodes separated by a gap of 1 cm., served to initiate the normal flames with which this 
paper is mainly concerned, the primary current being supplied from accumulators at a 
potential of 14 volts. Tests made with larger coils and with variations in (a) the resistance 
of the primary circuit, (b) the voltage of the primary current, and (c) the capacity of the 
secondary circuit, upon the minimum pressures for ignition of characteristic mixtures 
showed the spark so employed to exceed the minimum intensity requisite to record the true 
limits of inflammability. Asa further check on the method of sparking, separate tests were 
carried out with a Fraser break arc in a circuit supplied from the mains at 110 volts; 
no appreciable difference was ever observed in the limiting compositions; if anything, 
the coil sparks gave slightly wider values. 

In the new experiments the explosive mixtures were made up and stored in bulk, and not 
separately prepared im situ for each experiment as in the previous work; the ether was a 
specially prepared dry sample uncontaminated with aldehydes or peroxides and stored in 
an atmosphere of nitrogen. 


Results. 


The Inflammable Ranges of Ether-Air Mixtures.—A careful redetermination of the 
inflammable ranges of ether—air mixtures for horizontal propagation of flame was made at 
temperatures of 20°, 100°, and 150°. The new experiments (Fig. 1) showed that, although 
the influence of temperature on the actual inflammability limits was quite small, particularly 
at the lower limits and at the upper limits between 100° and 150°, yet it was such as would 
be predicted frorn the thermal theory of flame propagation, the higher the initial temperature 
the wider the limits. The widening of the upper limit, however, was marked at pressures 
above that at which the “ normal”’ and “cool’’ flame ranges become superposed and the 
curves in this range showed close agreement with those of Townend and Chamberlain. 

The values at the lower limits at atmospheric pressure (t.e., 185% at 20°, 1-78% at 
100°, and 1-70% at 150°) also agreed well with those of previous workers. For instance, 
White (J., 1927, 498): gave a value of 1-88% for horizontal propagation in a 5-cm. closed 
tube at 20°; Coward and Jones (Bureau of Mines, Bulletin No. 279, 1931, p. 74) gave 1-85% 
for upward propagation in a 5-cm. tube open at the firing end; and Tanaka and Nagai 
(Proc. Imp. Acad. Tokyo, 1928, 4, 154) gave 1-89% for downward propagation in 5-cm. 
closed tube. Thecurves are also in general agreement with the results of Berl and Hartmann 
(Z. physikal. Chem., 1930, A, 146, 281) and of Berl and Barth (cbid., 1931, Bodenstein 
Festband, 211) except that ignition was found to occur at lower pressures than in their 
experiments. 

A matter of interest is that the mixture giving rise to ignition at the lowest critical 
pressure (7.¢., 90 mm. at 20°, 80 mm. at 100°, and 78 mm. at 150°) contains about 5% of 
ether compared with the 3-35% ether content of the theoretical mixture; this is no doubt 
attributable in part to suppression of dissociation, which would be appreciable at low 
pressures, and in part also, in conformity with spontaneous-ignition experiments, to the 
probabie greater reactivity of the medium ahead of the flame front in the case of the richer 
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mixtures. Another observation of interest is that, whereas at atmospheric pressure the 
flame speeds at the limits (20°) approximate to 30 cm./sec. (see figures against the curve), 
yet as the pressure is lowered the corresponding speeds increase until at the minimum 
pressures they exceed 200 cm./sec.; when it is remembered that the relative heat losses 
increase as the pressure is reduced, it would be expected on thermal grounds that the flame 
velocity at the limiting composition would be increased, complete flame propagation along 
the tube being now only possible by a reduction of the time of contact with the walls of 


the tube. 
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““Green’’ Flames.—In the new experiments it was found that the green flames were 
readily reproducible; they were most intense at the lowest pressures where the higher and 
the lower limits coincide; the approximate limits for mixtures giving rise to these flames 
are shown by the diagonal shading (Fig. 1); at 20° they were observable up to about 400 
mm., but at 100° the upper limit was about 300 mm. and at 150° 240 mm. The flames 
are very striking, as noted by White (Joc. cit.). Berl and Hartmann, who employed a 
small glass sphere as an explosion vessel in a thermostat, seem also to have been aware of 
an unusual appearance of the flames for they said :‘‘ Langs der obern Grenze und in Nach- 
barschaft des kritischen Ziindungsdruckes befindet man sich in einem Gebiet, in dem die 
Gemische nur noch unvollkommen verbrennen. Man beobachtet ein langsames Abbrenen 
und Auftreten von. Aureolen.” 

A matter of importance was whether the flames were in any way peculiar to ether—air 
mixtures or whether they are common to combustibles generally, for there is little record 
in the literature of observations of flame propagation at reduced pressures other than 
with methane—air mixtures (Burrell and Robertson, U.S. Bureau of Mines, Tech. Paper, 
No. 121, 1916; Mason and Wheeler, J., 1918, 118, 45). On this account it was decided 
to examine under the same conditions the flames of mixtures with air of other representative 
hydrocarbons, and if possible to examine the emission spectra of the green flames. 

n-Hexane-Aty Mixtures.—Curves C and D (Fig. 2) show the influence of pressure on 
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the inflammability ranges of m-hexane—air mixtures at initial temperatures of 100° and 
20°, respectively. The lower limit was scarcely influenced by raising the temperature 
from 20° to 100°, but the upper limit was definitely widened, as had been observed with the 
ether—air mixtures. Moreover, the flames for the mixtures and over the pressure range 
covered by the shaded area, curve C, were of the same bright green appearance as had been 
found with the ether-air mixtures. The mixture ignitable at the minimum ignition 
pressure contained about 3-5% of hexane compared with the 2-16% hexane content of 
the theoretical mixture, and the flame speeds at the limits also varied in much the same way 
as those for the ether—air mixtures. 

Propane—Air Mixtures.—As the typical green flames were found with both ether— and 
hexane-—air mixtures, it was of interest to find whether they were in some way common to 
those combustibles exhibiting a low-temperature cool-flame system or to combustibles 
generally. Accordingly, the behaviour of propane—air mixtures was examined as represent- 
ing the simplest paraffin member of the former group, and also methane—air mixtures which, 
as far as is now known, do not give rise to cool flames. Curve B (Fig. 2) shows that the 
behaviour of propane is in keeping with that of ether and hexane and no further comment is 
therefore necessary. Recently, Hoeven (Ind. Eng. Chem., 1937, 29, 445) has published 
a similar determination of the inflammable ranges of propane-air mixtures at reduced 
pressures with results showing close agreement with those illustrated by curve B. 

Methane—Air Mixtures.—Curve A (Fig. 2) shows the results obtained with methane—air 
mixtures at 20°, an interesting observation being that with the 12-8% mixture there were 
three pressure limits of inflammability, viz., at 190 mm., 230 mm., and 270 mm. This 
effect was probably observable with only a very narrow range of mixtures; it was repeated 
many times with the 12-8% mixture but was not found with either the 12-3% or the 13-6% 
mixtures. While our work was in progress we found that a similar observation had 
been made by Lavrov and Bastchastry (Acta Physicochim. U.S.S.R.,1935,1, 975), who found 
the lower-pressure limits to be widened somewhat by increased spark intensity so that under 
the conditions of the present experiments the phenomenon, though a real one, is not as 
striking as might be observed with less intense igniting sources. 

The mixture range showing the pressure limits approximates to that in which Neumann 
and Serbinoff (J. Physical Chem. Russia, 1933, 4, 41) observed the phenomenon of low- 
pressure spontaneous ignition limits with methane-oxygen mixtures; Lavrov and Bast- 
chastry regard the fact that such limits can be observed by spark ignition in the cold to 
be against any view ascribing the second pressure limit in spontaneous ignition work to 
surface deactivating effects at a critical pressure (cf. Haber and Alyea, J. Physical Chem., 
1930, B, 10, 193), but in favour of the Hinshelwood—Semenoff view that a chain deactiva- 
tion in the gas phase occurs which is probably attributable at a critical pressure to the 
incidence of triple collisions. 

As far as our experiments on the inflammable ranges induced by spark ignition at 
reduced pressures have proceeded, the phenomenon of three pressure limits has not been 
observed with explosive media other than methane and air; and although in spontaneous 
ignition experiments the phenomenon is well established with such combustibles as hydro- 
gen, carbon monoxide, phosphine, and carbon disulphide, there are no recorded 
observations of its occurrence with hydrocarbons higher than ethane. 

The mixture exhibiting the minimum ignition pressure has a methane content of 
between about 9 and 10%, which compares with the 9-4% content of the theoretical mixture 
for complete combustion. In this respect methane-air mixtures differ from those of ether, 
hexane, and propane, for, as already pointed out in the case of the last-named, the mixtures 
ignitable at the minimum ignition pressures all contain a large excess of combustible. 
Reference to flame-speed—composition curves at atmospheric pressure (Payman, J., 1919, 
115, 1446) also shows a similar difference in behaviour in that, although the maximum 
speed mixtures contain approximately the theoretical combustible content in the case of 
methane, yet with propane an excess of combustible is required; on thermal considerations 
it is likely, therefore, that the mixture giving complete propagation of flame at the lowest 
pressure will be that exhibiting the greatest flame speed and hence having least contact 
with the walls of the tube. The essential known relevant difference between the respective 
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behaviours of mixtures with air of methane and of higher hydrocarbons or ether is that at 
the pressures under consideration, whereas with the first the mixtures most easily spontane- 
ously ignitable contained an excess of air, with the last two the reverse is true; it would 
therefore appear that the rate of slow combustion leading to spontaneous ignition in the 
gases ahead of the flame is a factor of great importance in regard to flame phenomena 
generally, in accord with the general principle of the Le Chatelier view. 

By comparison with the other combustibles examined, the green flames could be 
observed only over very narrow ranges of mixtures and pressures; ¢.g., with the 128% 
mixture they ceased at about 240 mm. pressure, and with the 12-3% mixture they occurred 
only at the limiting pressure. There could be no doubt as to their identity, however, and 
it may be concluded, therefore, that the emission is common to all hydrocarbon flames 
under suitable experimental conditions. 

At pressures above the green flame range, the flames usually exhibited a greenish-blue 
front and a luminous tail. As the air contents of the mixtures were increased towards 
the theoretical composition, the flames became very luminous, indicative of the emisson 
from carbon aggregates; and when the mixtures contained an excess of air the flames 
were, of course, free from incandescent carbon, and deep blue in colour. 

Origin of the Green Emission.—It seemed likely, as a result of the experiments as a 
whole, that the green emission is probably common to the flames of specific mixtures of 
all hydrocarbons with air when burning under the suitable conditions of pressure and 
flame temperature described herein. Although it is probably always present to some 
extent, it is not usually apparent to the eye on account of ‘‘ masking ’”’ by the continuous 
emission from incandescent free carbon, by the emission from burning carbon monoxide, 
or by other processes giving rise to excited radicals which emit in the visible region of the 
spectrum. Reference has often been made to the fact that the inner cone of the Bunsen 
flame possesses a greenish tinge, and particularly by Smithells and Dent (J., 1894, 65, 
603) in their classical flame-separation experiments with cyanogen, but it is perhaps 
curious that no previous record appears to have been made of the striking effect of 
reduction of pressure in producing intense green flames, particularly with higher 
hydrocarbons. 

Previous spectrographic investigations of the emission in the visible and the ultra- 
violet region of the spectrum from the inner conal flames of burning hydrocarbons have 
established the presence of (i) OH bands at 2608, 2811, and 3064 a., (ii) CH bands at 3143, 
3900, and 4300 a., and (iii) C, bands at 4737, 5165, and 5635 A. (cf. Bonhoeffer and Haber, 
Z. physikal. Chem., 1928, A, 137, 243; Laurer, Z. Physik, 1933, 82, 178). Vaidya (Proc. 
Roy. Soc., 1934, A, 147, 513) has also identified a band system, extending from 4100 to 
2500 a., which he refers to as the “ ethylene flame’”’ bands and ascribes them to the 
emission from “‘CHO”’ radicals. In the outer cone the continuous and banded emission 
characteristic of the carbon monoxide flame is also usually observed. 

An attempt was made to examine the green flames of ether spectrographically, but a 
number of explosions failed to give a good plate, partly owing to the lack of sensitiveness 
of the photographic emulsion in this region of the spectrum. We were fortunate at this 
juncture, however, in securing the collaboration of Mr. E. C. W. Smith, Radiation Fellow 
in the Bone Research Laboratories at the Imperial College, who had been examining the 
influence of high pressure on the emission from stationary ethylene-oxygen flames of 
controlled composition and in the course of his work was extending these experiments so 
as to include observations at reduced pressures. He has definitely established for us 
that the green flames are attributable to the Swan bands now known to arise from C, 
molecules, which emit at 4381 and 4737 A. in the green region of the spectrum; the 
results of his own extensive observations on the subject are now being prepared for 
publication. It is of interest to recall in this connexion the experiments of Bonhoeffer 
and Harteck (Z. physikal. Chem., 1928, 139, 64), who showed with hydrocarbons higher 
than methane that under suitable conditions, collisions with hydrogen atoms may succes- 
sively strip those of the hydrocarbon so that ultimately a predominance of CH radicals, 
which emit in the violet, and subsequently of C, molecules, which emit in the green, is 
produced in the tube. 








[1939] An Examination of the Mechanism, etc. Part I. 337 


The work as a whole has opened up an interesting field of enquiry directly concerning 
the influence of pressure on the mechanism of flame propagation. For, although it is 
generally known that temperature, pressure, and mixture composition directly influence 
the emission from flames particularly in regard to (a) the degree of excitation and (b) the 
absolute concentration of an emitting species by virtue of changes in degree of dissociation 
into radicals or of secondary processes such as interaction between carbon and steam (cf. 
Bone and Outridge, Proc. Roy. Soc., 1936, A, 157, 234), yet an interesting new possibility 
arises when the attainment of a critical change in pressure or mixture composition may 
effect an abrupt change in the nature of the slow combustion processes ahead of the 
flame, as, for example, would seem probable in the region where in any particular case 
the cool-flame range overlaps the normal-flame range. 

In general, with regard to the green flames, our experiments and Mr. Smith’s spectro- 
graphic examination of them indicate that: (1) The emission is due to the excitation of 
C, molecules, and apparently it becomes predominant under the conditions indicated, the 
most important of which is deficit of oxygen. (2) The emission is favoured by reduced 
pressure. (3) The C, molecules are present in an excited state at temperatures and/or 
pressures below which there is any evidence of aggregated carbon. (4) The processes by 
which they arise remain a matter for further investigation, but spontaneous ignition 
experiments (cf. Townend and Chamberlain, Joc. cit., and recent unpublished results) 
indicate that they may be related to the nature of initial oxidation or reduction processes 
during slow combustion. 

The presence of the “ green’ emission in the flames of methane, which contains but 
one atom of carbon in the molecule, is also a matter of great interest (cf. also Bell’s recent 
observations on the methane flame, Proc. Roy. Soc., 1937, A, 158, 429). 


We are greatly indebted to Mr. E. C. W. Smith for his valuable collaboration in identifying 
the green emission with that of the C, bands, and to the National Government of the Republic 
of China for a Scholarship which enabled one of us (M. S. H.) to devote his whole time to the 
work. 

The work recorded herein was carried out at the Imperial College, London. 


UNIVERSITY OF LEEDS. [Received, December 29th, 1938.] 





76. An Examination of the Mechanism by which “Cool”? Flames may 
give rise to “‘ Normal” Flames. Part I. The Inflammable Ranges 
of Ether-Air Mixtures in Closed Vessels. 


By M. S. Hsien and D. T. A. TOWNEND. 


Much interest has been aroused in recent years by the discovery that the spontan- 
eous ignition of higher hydrocarbons and their derivatives can be effected under 
suitable conditions of pressure, temperature, and mixture composition in either of 
two ways, viz., with or without the prior formation of a cool flame; in the former case 
a two-stage process is involved. 

Recently, Townend and Chamberlain (Proc. Roy. Soc., 1937, A, 158, 415) extended 
to higher pressures White’s observation (J., 1927, 498) that at atmospheric pressure and 
room temperature there are two separate composition ranges of inflammability, one for 
normal flames and the other for cool flames, finding that at a critical pressure the cool 
flames may give rise to normal flames by a process involving essentially the initiation 
of a second flame in the cool-flame products. 

In the present paper evidence is produced that the two-stage process is the same 
whether the cool flames are induced in the media either (a) spontaneously at high 
temperatures and suitably low pressures or (b) artificially by means of a heated wire 
at room temperature and at high enough pressures. 

The discovery that the two-stage process is observable in cold media at sufficiently 
high pressures has opened up a new line of attack for investigating the processes 


involved. 
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IT was early recognised by Townend and Mandlekar (Proc. Roy. Soc., 1933, A, 148, 168) 
and later by Neumann and Aivazov (Nature, 1935, 185, 655) that in spontaneous-ignition 
experiments with certain higher hydrocarbons ignitions are brought about in the tempera- 
ture range 300—400° by a two-stage process, ignition occurring after the passage of a cool 
flame and after a definite short time interval. This phenomenon seems to be a general 
one with all higher hydrocarbons and ethers, although in the case of the former there 
is frequently a temperature range below the lower cool-flame temperature limit where 
the separate formation of a cool flame before ignition is never detected. Recently also, 
Kane (Proc. Roy. Soc., 1938, A, 167) and independently Belov and Neumann (Com#t. 
vend. Acad. Sci. U.S.S.R., 1938, 18, 333) have shown that if the experimental pressure 
is sufficiently high, the higher paraffins also ignite in the cool-flame range by a one-stage 
process; in such circumstances the ignitions are very violent and akin to detonation, thus 
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correlating ‘‘ knock”’ as encountered in engine practice with the probable spontaneous 
ignition of the unburnt charge ahead of the flame. 

In following up White’s earlier experiments with ether—air mixtures with a view to 
study the extent to which the ‘‘ normal”’ inflammability range might expand into the 
‘cool’ inflammability range at pressures above atmospheric, Townend and Chamberlain 
(loc. cit.) observed that at suitably high working pressures there was a range of mixtures 
of high ether content capable of propagating a cool flame for a considerable distance 
down a closed tube, but that a second flame, considered to be a normal ignition, would 
suddenly develop some distance behind the cool-flame front, catch it up, and replace it. 
Hence, it was difficult to define a criterion for the true limit of inflammability for normal 
flames as distinct from cool flames, for there was a range of mixtures with the poorer 
of which this “ transition ”’ effect would occur almost immediately following ignition, and 
with the richer of which it would occur just as the cool flame reached the end of the 1 m. 
tube. 

It was also recognised at once that the mechanism of this ‘‘ transition ’’ phenomenon in 
cold ether-air media, ignited artificially by means of a hot wire, would probably be closely 
related to that observed in spontaneous-ignition experiments. If this proved correct, 
then a profitable line of attack on the whole problem would be available, for it should now 
be possible to examine one at a time the separate stages involved in the complete two- 
stage ignition process. Without such separate examination of these stages, any study of 
the kinetics of the processes concerned would no doubt be misleading. Accordingly, we 
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have investigated in greater detail this transition phenomenon, with results which have 
been very informative. 

A Comparison of the I aieatns of Pressure on the Composition Ranges of Ether—Air 
Mixtures for Cool Flames when Artificially Ignited in Cold Tubes and when Spontaneously 
Ignited at 200°.—In order to establish that spontaneous ignition arising from prior cool- 
flame formation was essentially the same process whether the cool flames were initiated 
artificially in cold media by means of a hot wire or spontaneously in heated vessels, the 
cool-flame ranges were first determined in the usual way with hot-wire ignition at initial 
temperatures of 20°, 50°, 100°, and 150°, in a tube 4-5 cm. in diameter and 120 cm. long, 
closed at both ends, the criterion of inflammability being complete propagation through- 
out it. Subsequently, the corresponding range with the mixtures spontaneously ignited 
at 200° was determined in a silica-lined cylindrical vessel (3-8 cm. x 15-3 cm.), cool-flame 
formation being observed both visually and by means of the pulse imparted to the mano- 
meter connected to the apparatus. The resulting family of curves is shown in Fig. 1, 
the dotted line indicating the normal flame range with spark ignition at 20° (cf. preceding 
paper, Fig. 1, p. 334). 

There appears to be little doubt that the mechanism of the processes involved is essenti- 
ally the same with both artificial and spontaneous ignition; in the latter case, ignition 
probably first arises in a small volume element of the mixture in much the same manner 
as suggested by Foord and Norrish (Proc. Roy. Soc., 1935, A, 152, 196) in their interpreta- 
tion of the behaviour of sensitised hydrogen—-oxygen mixtures. It is conceivable, of course, 
that in perfectly homogeneous conditions of temperature and environment, spontaneous 
ignition could be a uniform process throughout the mass; actually it is doubtful whether 
this is ever achieved in practice, the pressure limit becoming virtually that for propagation 
of flame along the cylindrical enclosure. In studying the kinetics of spontaneous ignition 
in fairly narrow tubes the demarcation between a “‘ fast reaction ’’ and an “ ignition ”’ 
may be conditioned by the limiting conditions for flame propagation in the vessel con- 
cerned, a matter which may not always have received adequate attention. 

An interesting feature of the curves is that, although at low temperatures the mixtures 
at the minimum ignition pressures had combustible : oxygen ratios between 1:1 and 
2:1, yet at the higher temperatures ignition occurred almost as easily with mixtures of 
much higher combustible content, so that in the spontaneous ignition series of experiments at 
200° there was no great difference between the minimum pressure for a mixture containing 
70% of combustible and that for the 17—30% (2 : 1—1 : 1) range of mixtures.* Further, 
at 300 mm. pressure it was possible to observe definite cool-flame pulses (although 
the flames could no longer easily be detected by the eye) with mixtures containing as much 
as 97—98%, of ether. An extension of these observations may help to throw light on the 
correct interpretation of cool flames generally, for it would seem possible that some pro- 
duct of combustion may act as a promoter of another independent reaction in the main bulk 
of the material, such as, ¢.g., an exothermic decomposition. 

A Comparison of the Influence of Pressure on the Initiation of ‘‘ Normal’”’ Flames from 
“‘ Cool’’ Flames in Ether-Air Mixtures when (a) Spontaneously Ignited and (b) Artificially 
Ignited in Cold Media.—It being now reasonably clear that the cool flames through ether- 
air media at temperatures below the spontaneous ignition temperatures involve essentially 
the same chemical processes as when they arise spontaneously, it remained to demonstrate 
that the setting-up of normal flames in the cool-flame products when adequate initial 
pressures are employed arises by the same process in both instances. 

Curves 1 and 2, Fig. 2, show the influence of pressure at 200° on (a) the limits for 
spontaneous formation ot the cool flames (the same curve as that for 200°, Fig. 1) and (0) 
the limits for spontaneous ignition of normal flames arising after the prior formation of 
cool flames. It is clear that, in conformity with all previously published results of spon- 
taneous-ignition experiments in the cool-flame temperature range (cf. Townend and 
Chamberlain, Joc. cit., p. 418, Fig. 1), the minimum critical pressures for such normal 

* Prettre (Ann. Off. Nat. Comb. Lig., 1936, 11, 669) has recently published results with pentane-— 
oxygen mixtures showing the 1: 1 mixture to exhibit the lowest minimum pressure for spontaneous 
ignition and correspondingly the shortest time-lag. 
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ignitions are much higher than for cool flames alone (i.e., about 680 mm. compared with 
50 mm:), and that, although the mixture most easily giving rise to normal ignition has 
a combustible : oxygen ratio of somewhat below 1 : 1, the range for “‘ normal ” inflammabil- 
ity does not extend beyond mixtures of composition between 5 and 18% of ether in air 
over a pressure range extending from 680 mm. to 1400 mm. _ In experiments in the “ cool ”’ 
flame range of spontaneous ignition the general observation is that the initiation of 
‘‘normal’”’ flames at a critical pressure is a sudden development of pressure which is 
considerably greater than that attributable to “‘ cool” flames; along the high-limit bound- 
ary, where oxygen is greatly in deficit, however, this criterion could only be established with 
difficulty and the curve has therefore been dotted. 

The corresponding curves, 3 and 4 in Fig. 2, show the influence of pressure on the 


limits of inflammability for both normal and cool flames in a 2-5-cm. tube at an initial 
temperature of 100°, and determined by 
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either spark or hot-wire ignition according to 
the nature of the initial flame concerned. On 
the attainment of the limiting pressure for 
normal flames in the cool-flame range, ignition 
occurred after the cool flame had passed 
some distance along the tube; the normal 
flame seemed to be initiated in the cool flame 
products some distance behind the cool-flame 
front, as though a time interval were necessary 
for the accumulation of an adequate concen- 
tration of active centres in these products, 
and, once initiated, the normal flame 
travelled forward and replaced the cool-flame 
front. 
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It seems clear that the superposition of the 
normal inflammable range on the cool-flame 
inflammable range arises by much the same pro- 
cess for artificial as for spontaneous ignition ; 
and the rather complicated curves of Town- 
end and Chamberlain, showing the influence 
of pressure on the complete ranges of inflam- 
mability of ether—air mixtures when extended 
P, 20 ee to pressures above atmospheric, seem to be 

er cent. ether in air. . : ae 

simply interpretable by the superposition of 
the two independent systems, as may be seen from the complete dotted ranges illustrated 
in Fig. 2. A matter of interest is whether it should be possible to propagate cool flames 
at pressure above the dotted cool-flame boundary in the normal-flame range. As far as 
this matter has been tested, it can be stated that usually normal flames are difficult to re- 
strain in this range whatever source of ignition is employed; recently, however, with other 
media such as certain acetaldehyde—air mixtures, it has been found possible to initiate cool 
flames well into the range of mixtures which with spark ignition give normal flames. 
We are also extending this work so as to determine the nature of speeds of the flames 
initiated across the range ABC, for it might reasonably be anticipated that the flame- 
speed—composition curve in this region would be composite, as indeed was actually 
observed by Gusev and Neumann (Compt. rend. Acad. Sci. U.S.S.R., 1935, 2, 377), using 
pentane-air mixtures; for the relevant conditions for reaction ahead of the flame might 
be expected to be much more favourable along BC than along AB owing to the temperature 
conditions for spontaneous reaction being lowered by some 200°. 


We thank the National Government of the Republic of China for a Scholarship which 
enabled one of us (M. S. H.) to devote his whole time to the work. 

The work recorded herein was carried out at the Imperial College, London. 
[Received, December 29th, 1938,] 
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77. An Examination of .the Mechanism by which “‘Cool” Flames may 
give rise to “ Normal” Flames. Part II. The Inflammable Ranges 
of Higher Paraffin Hydrocarbons in Air: The Establishment of 
“Cool” Flame Ranges at Ordinary Temperatures and High Pressures. 


By M. S. Hstew and D. T. A. TOWNEND. 


The relationship between the “‘ spontaneous ignition ’’ and the ‘‘ inflammability ” 
ranges of ether-air mixtures being established (cf. preceding paper), it could be pre- 
dicted from the known similarity of the characteristics of spontaneous ignition of 
ether—air mixtures and those of the paraffin hydrocarbons containing three or more 
carbon atoms that with the latter similar composition ranges for “‘ normal ” and “ cool” 
flame inflammability should be determinable for artificially ignited mixtures at ordinary 
temperatures. In view of the facts that (a) the minimum pressures and (b) the 
time-lags for spontaneously developed cool flames were greater than with ether-air mix- 
tures, and that both (a) and (b) decreased as the paraffin series was ascended, it could 
also be predicted that ‘‘ cool ’’ flame ranges would be located at progressively decreasing 
initial pressures in the same order. 

These ranges have now been located at 100°, as follows: ether, below atmospheric 
pressure; hexane, above 5 atm.; butane, above 9 atm.; propane, above 12 atm. 


THE influence of increasing pressure on the limits of inflammability of mixtures of com- 
bustible gases with air or oxygen has not hitherto been studied extensively. Pressures up to 
10 atm. were employed by Terres and Plentz (J. Gasbeleucht., 1914, 56, 990, et seg.) and by 
Payman and Wheeler (J., 1923, 128, 426) with the simpler combustible gases ; later, Berl and 
Wenger (Z. angew. Chem., 1927, 40, 245) examined a wide range of both gaseous and liquid 
hydrocarbons in admixture with air at pressures up to 600 atm., and, in the case of the last- 
named, temperatures up to 100°, finding generally small changes in the lower limits, but a 
very marked widening in the upper limits of inflammability. A general feature of Berl and 
Wenger’s observations was that, although the inflammable ranges were usually considerably 
widened at high pressures, at moderate pressures a narrowing might at first be observed; it 
is not clear, however, how far this narrowing was due to the conditions of ignition employed 
in the work. About the same time, Bone, Newitt, and Smith (Proc. Roy. Soc., 1928, A, 117, 
553) published the results of determinations of the inflammable ranges of mixtures with air of 
hydrogen, carbon monoxide, and methane, the explosive media being confined in a spherical 
enclosure of 3’ diameter, and ignition being effected by means of the electrical fusion of a 
fine platinum wire. Their results with hydrogen and methane were as follows. 


Initial press., atm. 1 5 10 30 50 125 
9 9-9 — 9-9 —68-4 10-:0+—68-5 10-0+—71-9 10-0+*+—73-3 9-9-—74-8+ 
5- 


56 —14-3 5-7 —16-4 6-0-—17-1+ 5-9 —24-6+ 6-4 —29-0+ 5-7 —45-5+ 
With carbon monoxide the ranges for the dry mixtures were found to become narrower and 
for the almost saturated mixtures hardly to vary over the same pressure range. 

During 1930—1932, one of us (D.T.A.T.) in collaboration with S. Potash and S. Stevens 
investigated the behaviour of some higher paraffin hydrocarbons, the explosive mixtures 
being fired in a long cylindrical explosion vessel, of 2” internal diameter, and found the 
general effect of pressure to be much the same as with methane—air-mixtures. The widening 
of the upper limit with increase of pressure, however, was not only progressively greater as 
the series was ascended, but in each case on the attainment of an adequate pressure which 
decreased in the same order, it became accentuated abruptly. Owing to the high working 
pressure and also to deposition of tarry material at the upper limits, the use of a window to 
observe the travelling flames was not considered likely to be of any great advantage, and it 
was hoped, by means of a Petavel recording manometer, to measure the pressure develop- 
ment in the explosions and to employ this in conjunction with analyses of the products of 
combustion as criteria of the inflammability limits (cf. Bone, Newitt, and Smith, Joc. cit.). 
Unfortunately, the completeness of combustion near the limits was very defective, and the 
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recorded pressure differences were not sharp enough to enable the limits to be decided with 
precision; the matter was therefore left open for further investigation. 

The recognition of the relationship between the ‘‘ spontaneous ignition” and “ in- 
flammability ’’ ranges of ether—air mixtures (cf. preceding paper, Fig. 1, p. 338) at once 
threw light upon the whole problem; for, in view of the similarity between the cool-flame 
ranges with both ether and the higher paraffins in spontaneous-ignition experiments,* 
it became obvious that corresponding cool-flame inflammation ranges ought to exist with 
the higher paraffins at ordinary temperatures in much the same way as those located by 
White with ether—air mixtures. Moreover, these cool-flame ranges would probably not 
be found below atmospheric pressure, and this would account, not only for their never 
having been previously observed, but also for the difficulty found in the earlier work in 
determining with precision the higher limits of inflammability with these materials. 

Accordingly, a redetermination of the limits of inflammability of representative higher 


















































Apparatus for Determining the Inflammable Ranges of Higher Hydrocarbon—Air Mixtures at 
High Pressures. 


hydrocarbons has been made, and by working in an explosion vessel provided with quartz 
windows the cool-flame ranges have been located precisely in accord with this prediction. 


EXPERIMENTAL. 


The apparatus employed is illustrated diagrammatically in Fig. 1. The vessel, B, was 
provided with an explosion cavity 3-8 cm. in diameter and 15-3 cm. long; at one end it carried 
a plug fitted with inlet and outlet valves, and at the other a second plug carrying a quartz 
window for visual observation of the flames. An ignition plug, F, and a second quartz window 
plug were located at each end of the cavity along the horizontal axis of the vessel, ignition being 
effected by the electrical fusion of a short length of platinum wire (0-005 in. diam.) stretched 
between two studs 7 mm. apart, and projecting downwards from the ignition plug into the 
explosion chamber. The vessel was heated by means of externally wound nichrome resistance 
wire, and the whole body was well lagged with asbestos. The flames were propagated 
horizontally from the ignition plug towards the end plug carrying the valves. Two high-pressure 
cylinders, H, and H,, fitted with control valves served as storage cylinders for the mixtures, 
}’’ glass balls introduced into these cylinders facilitating rapid mixing of the constituents. The 
cylinders were housed in a well-lagged electric heater, E, fitted with a thermostatic regulator so 


* Cf. previous papers on this subject: J., 1938, 238; Proc. Roy. Soc,, 1937, A, 168, 415; Chem. 
Reviews, 1937, 21, 259. 
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that combustibles liquid at room temperature could be maintained homogeneously in the vapour 
phase in admixture with air or oxygen under pressure. All connexions in the filling system were 
also wound with asbestos-covered nichrome resistance wire and could be heated to any desired 
temperature up to 200°. 

The experimental procedure was essentially that employed for the experiments at reduced 
pressure (this vol., p. 333), complete propagation of flame occurring when the flame reached the 
side window fitted at the end remote from the ignition plug. Cool flames were characterised by 
a slow-moving blue flame accompanied by low-pressure development, and the production of 
intermediate products strongly aldehydic in character. The minimum ignition pressure for any 
particular mixture could usually be located within 0-1 atm. at pressures between 5 and 10 
atm., and 0-05 atm. between 1 and 5 atm. 

A. Hexane—Aiy Mixtures.—Comparatively few data are available in the literature concerning 
the limits of inflammability of hexane—air/oxygen mixtures. The principal more recent in- 
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vestigations have been those of Berl and his collaborators; the values given at atmospheric 
pressure by Berl and Hartmann (Z. physikal. Chem., 1930, 146, 281) were 1-6% (lower) and 6-4% 
(upper). With increasing pressure, the lower limit was lowered and the upper limit progressively 
raised, so that at, e.g., 25 atm., the ranges of inflammability (as read from the published curves) 
were about 0-6% (lower) and 17% (upper) (cf. Berl and Bausch, ibid., 145, 451). 

In Fig. 2, curves are plotted showing the observed variation with pressure of the inflammable 
ranges for mixtures of hexane contents in air between 1 and 35% and at initial temperatures of 
50°, 100°, and 150°. No difficulty was ever experienced in repeating the determinations closely. 
Below 1 atm. pressure the results agreed closely with those obtained in the 1 m. long glass tube 
(this vol., p. 334). Reference to the results at 150° shows that at pressures up to 4-1 atm. there 
was only one range of inflammable mixtures, viz., that for the normal flames. This was at first 
almost unaffected by increase in initial pressure, the lower limit being lowered by about 0-3% 
and the higher limit raised by about 1% of hexane at pressures up to 4 atm. At a pressure of 
4-1 atm. a cool-flame range was located with mixtures of composition between 11 and 22% of 
hexane, the normal range at the same pressure extending over mixtures of hexane content be- 
tween 1-2 and 7:0%. The “‘ normal ”’ and “ cool ” flame ranges were thus separated by a range 
of non-inflammable mixtures containing between 7 and 11% of hexane. At pressures higher 
than 4:8 atm. the two ranges of inflammability became superposed, so that at, e.g., 6-5 atm., 
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mixtures containing between 1 and 14°5% of hexane were capable of propagating “‘ normal ” 
flames, and those between 14-5 and 32% “‘ cool ”’ flames. 

These results therefore confirmed the prediction that separate inflammability ranges, one for 
“normal” and the other for “ cool” flames, should be located, provided high enough experi- 
mental pressures are employed. Moreover, the earlier observation of a discontinuity in the 
upper pressure limits with hexane—air mixtures is now seen to be accounted for by the incidence 
of the “ cool ” flame range on the attainment of an adequately high pressure; and in explanation 
of the difficulty encountered in determining suitable criteria for the upper limits, it should be 
added that, whereas the flames with mixtures containing up to 6-5% of hexane showed a whitish 
or yellowish emission, those of mixtures containing 6-5—11% were orange or reddish in colour and 


Fic. 4. Fie. 5. 








20 


78 


S 


16 


x 8 
R 


~ 

Ss 
~ 
So 


co 
& 


rN 
& 

§ 3 
< S 
2 $ 
§ é 
~ 70 8 10 
J 4 
s 3 
3 S 
% 3 
& & 


yD 
Dp 


= 
ww 




















: Pe ws a | | | | | 
72 20 
/ ‘ 4 
Per cent. butane in air. Per Sut. a. Fai - 


Influence of Pressure on the Inflammable Ranges Influence of Pressure on the Inflammable Ranges 
of Butane—Air Mixtures at 100°. of Propane—Air Mixtures at 100°. 








were accompanied by a heavy deposition of carbon with the weaker, and tarry material with the 
rich, mixtures. The.cool flames, however, were always blue, and the explosion preducts had a 
characteristic aldehydic odour, no carbon being deposited. 

In general, the characteristics of the inflammable ranges are much the same as those observed 
with ether—air mixtures. 

B. Hexane—Oxygen Mixtures.—In order ultimately to arrive-:at an interpretation of the 
probable processes occurring in cool flames, it is necessary to study the behaviour of undiluted 
combustible-oxygen mixtures. In preliminary experiments some difficulties were encountered 
in effecting this with ether-oxygen mixtures in glass tubes; these have now been overcome, and 
our new results will be published separately. Hexane-oxygen mixtures were successfully 
investigated in the heavy explosion vessel at 100° and 150°, and the results are shown in Fig. 3, 
the curves indicating the observed variation of the inflammable ranges with increase in initial 
pressure for mixtures of hexane contents between 1 and 90%. The results correspond closely 
with those obtained with the air mixtures; for instance with the normal flames the lower limit 
varied little with increase of initial pressure, and the higher limit was progressively raised until a 
pressure (1:15 atm. at 100° and 0-90 atm. at 150°) was reached at which a cool-flame range 
po aaa upon the normal-flame range; thereafter an abrupt widening of the limits 
occurred. 
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An interesting observation was that, as with the ether—air mixtures, with both the hexane-air 
and the hexane-oxygen mixtures the cool-flame ranges apparently centred upon the mixture 
having a combustible : oxygen ratio 1:1. The values of the minimum pressures at 150° for 
cool-flame propagation with mixtures having this ratio, viz., 4-1 and 0-9 atm., respectively, did 
not suggest that the nitrogen diluent was in any way preventing chain breaking on the walls of 
the vessel. We had no evidence, however, as to the respective characters of the flame envelopes 
in the two series of experiments. 

C. Butane—Aiy Mixtures.—The inflammable ranges plotted in Fig. 4 show that, as predicted, 
butane-air mixtures give rise to a cool-flame range, and that this is located at higher pressures 
than in the case of hexane—air mixtures. The experiments were extended to pressures up to 20 
atm. at 100°. There is now no range of non-ignitable mixtures between the “ normal” and 
“cool”’ flame ranges; this is no doubt attributable to the fact that the normal-flame range 
extends across the minimum pressure portion (1: 1 mixture) of the cool-flame range (cf. also 
Fig. 3). 

D. Propane—Aiy Mixtures.—As far as we are aware, propane is the simplest paraffin hydro- 
carbon known to give rise to cool flames. It was a matter of interest, therefore, to know what 
pressure would have to be employed to locate the inflammable range of these flames with this 
hydrocarbon. 

The inflammable ranges at 100° over a pressure range up to 20 atm. are shown in Fig. 5. The 
cool-flame range was found at 12 atm. pressure and it extended over a comparatively narrow 
range of mixtures; with the simpler paraffin hydrocarbons requiring a smaller proportion of air 
for their complete combustion, it is obvious that the normal-flame range will overlap the cool- 
flame range to a greater extent. There is also again evidence that the cool-flame range centres 
upon the mixture having the 1 : 1 combustible—oxygen ratio. 

The limits determined in the 1930—1932 experiments at 100° were as follows, the agreement 
being very good : 

Press., atm. : 19- 
Lower limit, % . 1- 
Upper limit, % . 23- 

The discovery of the ability of all higher hydrocarbons to propagate cool flames through 
mixtures in certain composition ranges when artificially ignited in the cold has opened up an 
important new field of investigation into the mechanism of the processes concerned. 


We are greatly indebted to the National Government of the Republic of China for a Scholar- 
ship which enabled one of us (M. S. H.) to devote his whole time to the work. We also gladly 
acknowledge such guidance as could be taken from the unpublished results of Potash and 


Stevens. 
The work recorded herein was carried out at the Imperial College, London, 


UNIVERSITY OF LEEDs. [Received, December 29th, 1938.] 





78. <A Case of Simple Substitution in the 3-Position of a 
1 : 2-Disubstituted Naphthalene. 


By HERBERT H. HopcGson and REGINALD L. ELLIOTT. 


Mercuration of 1-nitro-2-naphthylamine takes place in the 3-position, for the 
mercurviacetate produced is convertible into 3-iodo-l-nitronaphthalene. 3-Iodo-1- 
nitvo-2-naphthylamine is readily acetylated by acetic anhydride and 2-chloro-4-nitro-1- 
naphthylamine is easily converted into 1 : 2-dichloro-4-nitronaphthalene by the Sand- 
meyer reaction. 


To the very few recorded examples (see McLeish and Campbell, J., 1937, 1103) of direct 
substitution in the 3-position of 1 : 2-naphthalene derivatives, mercuration of 1-nitro-2- 
naphthylamine is to be added. It is another case, this time without a special medium 
such as pyridine (cf. Bell, J., 1932, 2732), where the symmetrical Erlenmeyer formula (I) 
can be changed by a reagent into the asymmetrical structure (II). Proof of the orientation 


4 
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was obtained by conversion of the 1-nitro-2-naphthylamine-3-mercuriacetate into 3-iodo-1- 
nitronaphthalene (Hodgson and Elliott, J., 1934, 1705). 


eommee 
W\}Y WY 
(I.) (II.) (III.) NO, 


2-Iodo-4-nitro-1-naphthylamine (Hodgson and Elliott, J., 1935, 1850) is not acetylated 
under standard conditions, but 3-todo-l-nitro-2-naphthylamine is readily attacked by 
acetic anhydride. A probable explanation of the anomaly is the powerful chelation of the 
iodine with the amino-group in (III) consequent on its greatly decreased anionoid activity, 
and the reduced intensity or absence of chelation in (IV), both causes being due to the 
positional effect of the nitro-group and the ready adaptability of iodine. This result 
recalls the formation of a dihydrochloride and the simultaneous acetylation of both amino- 
groups in 3-chloro-1 : 2-naphthylenediamine in contrast with the formation of a mono- 
hydrochloride and the monoacetylation of the 2-amino-group in the case of 4-halogeno-1 : 2- 
naphthylenediamines. 

The Sandmeyer reaction converts 2-chloro-4-nitro-l-naphthylamine normally into 
1 : 2-dichloro-4-nitronaphthalene, but pursues a different course with 4-chloro-2-nitro-1l- 
naphthylamine, giving an amorphous product of low chlorine content. 


EXPERIMENTAL. 


1-Nitro-2-naphthylamine-3-mercuriacetate.—1 Nitro-2-naphthylamine (10 g.) was dissolved 
in boiling glacial acetic acid (50 c.c.) and added to a boiling solution of mercuric acetate (20 g.) 
in glacial acetic acid (35 c.c.); the mixture was kept for 12 hours and the long colourless needles 
of the mercuriacetate which separated were recrystallised from glacial acetic acid (Found: 
Hg, 44:7. C,,H,,0,N,Hg requires Hg, 44-8%). 

3-lodo-1-nitro-2-naphthylamine.—The above product (5 g.) was added to a boiling solution 
of iodine (3 g.) in 10% aqueous potassium iodide (50 c.c.), and the boiling continued for 10 
minutes; solid sodium thiosulphate was then added and the precipitate of 3-iodo-1-nitro-2- 
naphthylamine was collected and recrystallised from alcohol, forming orange-yellow needles, 
m. p. 174° (Found: I, 40-3. C, ,H,O,N,I requires I, 40-4%). Deamination by the process of 
Hodgson and Elliott (Joc. cit.) gave 3-iodo-l-nitronaphthalene, m. p. 108° (Found: I, 42-2. 
Calc.: I, 42-5%). 

3-lodo-1-nitroaceto-2-naphthalide, obtained by acetylation of the above amine with acetic 
anhydride, crystallised from glacial acetic acid in pale orange-yellow needles, m. p. 196° (Found : 
I, 35:5. C,,H,O,N,I requires I, 35-7%). On reduction by the process of Hodgson and Elliott 
(J., 1935, 1850), colourless crystals of the stannichloride of 3-iodo-2-acetamido-1l-naphthylamine 
were formed [Found : Cl + I, 47-2. (C,,H,,ON,I),,H,SnCl, requires Cl + I, 47-4%]. 

1 : 2-Dichloro-4-nitronaphthalene.—2-Chloro-4-nitro-l-naphthylamine (10 g.), diazotised by 
Hodgson and Walker’s method (J., 1933, 1620), was gradually added, after removal of the excess 
of nitrous acid, to a solution of cuprous chloride (14 g.) in concentrated hydrochloric acid (130 c.c.) ; 
the mixture was kept for 6 hours, then diluted with water (1 1.), and kept overnight. 
The precipitated 1 : 2-dichloro-4-nitronaphthalene crystallised from alcohol in brown nodules, 
m. p. 119° (Found :. Cl, 29-1. CygH,O,NCl, requires Cl, 29-3%). 

The above process carried out with 4-chloro-2-nitro-l-naphthylamine afforded a brownish- 
yellow precipitate, which separated from alcohol as a bright yellow, amorphous powder, m. p. 
102° (Found : Cl, 20-4%), which was not identified. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, December 29th, 1938.] 
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The Electric Polarisation of Flexible Molecules. By N. R. Davipson and L. E. Sutton. 


Coop and Sutton (J., 1938, 1269) recently discussed the nature of the large polarisations found 
for the vapours of a number of flexible molecules. It appeared that one or both of two processes 
are responsible, these being (1) a process of distortion from the equilibrium position by the field, 
i.e., atom polarisation; (2) a process of orientation, in the applied field, of bent molecules. 
It was argued that, if the natural period of bending were less than the relaxation time for 
orientation (assumed to be about 5 x 10°” sec.), then only atom polarisation would occur; 
but if it were larger, both would occur. It is the object of this note to show that these processes 
do not make independent contributions to the total polarisation. 

Using the classical treatment, and neglecting momentum co-ordinates, we have the following 
expression for the mean polarisation of a flexible molecule : 


iN J w(p)e—VWVAT + uly)E cos /KT cos @, dy. sin @.d0.d¢ 





3 | e V(v)/kT + u(y)E cos O/kT dy . sin 0. d0.dd 


where p(y) is the moment of the molecule for an internal configuration y, V(%) is the potential 
energy expressed as a function of y¥, 6 is the inclination of the instantaneous moment o. the 
molecule to the axis of the applied field E, and ¢ is the remaining angular co-ordinate for the 
three-dimensional problem. The exponential index includes the ratios both of the internal 
potential energy and of the potential of the instantaneous dipole in the field tokT. It therefore 
gives the effect both of temperature and of the field on the average internal and external 
configurations of the molecule; and it brings in the averaging processes employed in the “‘ thermal 
bending ” treatment (equation 1; Finn, Hampson, and Sutton, J., 1938, 1261), in the atom 
polarisation treatment (e.g., Coop and Sutton, J., 1938, 1281), and in deriving the polarisation 
for a permanent dipole, since u(y) could include a constant term. Thus, it gives the complete 
polarisation, except for electron polarisation which would require further internal co-ordinates 
and potential functions, so long as the frequency of the applied field is sufficiently small for all 
modes of polarisation to contribute. In the particular case considered by Coop and Sutton, 
where the molecule contains two equal and opposed dipoles, each n,, and has a potential function 
Viv) = Voy?/2, the value of the expression is 4xNy,?/9V,. This is the magnitude which was 
assigned either to the so-called ‘‘ thermal bending ”’ polarisation or to the atom polarisation, but 
it is now clear that it is the total effect, so the dynamic processes of orientation and of distortion 
which underlie these do not contribute equally and independently to the total polarisation. 
In fact, the above statistical method does not distinguish between them. 

From the dynamical point of view it seems that, if the force constant and, hence, the frequency 
of vibration are large enough, the main effect of the field is to shift the mean position about which 
vibration occurs; the resulting polarisation may therefore appropriately be called atom polaris- 
ation. When, however, the force constant is small, it appears that in general the polarisation 
cannot be adequately described either as atom polarisation or as thermal bending polarisation 
in the restricted sense of these terms as used above. In most known cases the force constants 
and frequencies of vibration are so large that it is a good approximation to the truth to use the 
term atom polarisation. The only probable exceptions are some molecules of the ethylene 
dichloride type, and these warrant a separate discussion.—Tu® Dyson PERRINS LABORATORY, 
OxForD. [Received, December 9th, 1938.] 





The Self-condensation of Ethyl Methylenebisthioacetate. A New Method for the Preparation of 
Derivatives of 1: 3-Dithian. By FREDERICK CHALLENGER and SAMUEL A. MILLER. 


For the purposes of another investigation the condensation of the ethyl esters of methylene- 
bisthioacetic acid (8 g.) (Holmberg and Mattisson, Annalen, 1907, 353, 125; Holmberg, Jng. 
Vetensk. Akad. Handl., 1930, 103, 5) and mesoxalic acid (6 g.. by means of sodium (3 g.) in alcohol 
(60 c.c.) was attempted. The mixture became warm and somewhat brown and soon deposited 
a solid. After 5 days water was added, and the alkaline solution extracted with ether (re- 
moving only a little resin) and acidified. Ether extraction yielded an oil which partly solidified 
below 0°. Recrystallisation of the solid portion from aqueous alcohol gave a white product 
(A), m. p. 62°. This compound was also obtained (B) when the reaction was carried out as above 
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but in absence of the ethyl mesoxalate [Found for (A): C, 41-2; H, 4-9. Found for (B): C, 
41-1; H, 5-0; S, 31:2. C,H4)0,S, requires C, 40-8; H, 4:9; S, 31-1%]. The compound is 
therefore formed by the self-condensation of ethyl methylenebisthioacetate in a reaction of 
the Dieckmann type, giving ethyl 1 : 3-dithian-5-one-4-carboxylate : 





CH,(S-CHyCO,Et), —> CH,<e cacogy> 4 EtOH 


It formed a bright yellow 2: 4-dinitrophenylhydrazone, m. p. 147° after four recrystallisations 
from alcohol (Found: C, 40-6; H, 3-7; N, 14:5; S, 16-4. C,,;H,,O,N,S, requires C, 40-4; 
H, 3-6; N, 14:5; S, 166%), and a semicarbazone. Hydrolysis of the ester with 2N-sodium 
hydroxide caused ring fission and regenerated methylenebisthioacetic acid, m. p. (after four 
recrystallisations from toluene) and mixed m. p. 127° (Found: S, 32-2. Calc.: S, 326%). 
It gave an insoluble yellow ferric salt (Found: Fe, 16-7. C,5;H,,0;.S,Fe, requires Fe, 16-2%). 

Addition of sodium ethoxide to an alcoholic solution of the ester gave a solid sodium de- 
rivative, from which the ester was recovered unchanged on addition of water. Ferric chloride 
gave a violet colour. Bromine water was added until this was just discharged. The colour 


reappeared after 2 few moments. 


The authors thank the Institute of Petroleum for a grant.—THE UNIVERsITYy, LEEDs. 
[Received, January 18th, 1939.] 





Condensation of Benzylidene Chloride with o-Xylene. By EDWARD DE BARRY BARNETT. 


ELtison and Hey (J., 1938, 1847) have shown that the phenyl group is not present in the 
anthracene derivatives obtained when benzaldehyde is condensed with the xylenes in the 
presence of aluminium chloride. This is not the case when benzylidene chloride is condensed 
with o-xylene, as, in addition to much tar, 9: 10-diphenyl-2 : 3: 6 : 7-tetramethylanthracene is 
formed. 

Finely powdered aluminium chloride (30 g.) was added with water-cooling during 3 hours 
to 25 c.c. of o-xylene and 50 c.c. of benzylidene chloride in 100 c.c. of tetrachloroethane. After 
the product had been kept overnight, volatile matter was removed with steam, and the resulting 
tar repeatedly extracted in the cold with alcohol, benzene, and finally with acetone. The 
residue, after being recrystallised from benzene and from anisole, was pale yellow and had 
m. p. 312° (Found: C, 93-2; H, 7-1. C3 9H,, requires C, 93-2; H, 6-8%). The yield was 1-5 g. 
—Srir Joun Cass TecuNicat InstiTuTE, Lonpon. E.C.3. ([Received, December 29th, 1938.] 











By HERBERT H. HopGson 





Mononitration of a- and B-Naphthylamines in the Presence of Urea. 

and WILLIAM Davey. 
MELDOLA and STREATFEILD (J., 1893, 68, 1054) obtained only 6—8% of 8-nitro-1-naphthyl- 
amine by nitrating «-naphthylamine in sulphuric acid solution. Morgan and Jones (j. Soc. 
Chem. Ind., 1923, 42, 341 1), by an improved process, increased the yield to 16—18%. «- and 
8-Naphthylamines have now each (14 g.) been nitrated in concentrated sulphuric acid in the 
presence of urea, with the following results : 

















Nitro-1-naphthylamines. Nitro-2-naphthylamines. 
Nitric acid, % of the - A " ‘ A . 
amount required for 8-Nitro-. §-Nitro-. 8-Nitro-. 5-Nitro-. 
mononitration. F A _ z A . P A " | A . 
G. %. G. %. G. %. G. %. 
100 5 27-1 8 43-3 1 5-4 16 86-7 
80 2 10-8 7 37-9 1 5-4 16 86-7 
75° 1 5-4 6 32-5 Trace 8 43-3 
200 6 32-5 7 37-9 Trace 13 70-5 









In the products of nitration of phthalo-«- and -8-naphthylimides (Hodgson and Crook, J. 
1936, 1844) the ratio of 8-nitro- to 5-nitro-l-naphthylamine is 15: 7, and of 8-nitro- to 5-nitro- 
2-naphthylamine is ca. 11: 10. 

Mononitration of a-Naphthylamine.—(a) With the theoretical amount of nitric acid. Urea 
(7 g.) and a-naphthylamine (14 g.) were dissolved in this order in concentrated sulphuric acid 
(100 c.c.) and the externally ice-cooled solution was treated gradually with finely powdered 
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potassium nitrate (11 g.); the mixture was then stirred for 1} hours and poured on ice (200 g.). 
The precipitated base, which was free from tar, was collected and twice extracted with 10% 
hydrochloric acid (1 1., 500 c.c.): the major portion dissolved, leaving a small residue of 8- 
nitro-l-naphthylamine. The combined extracts were neutralised with ammonia and the 
precipitated 5-nitro-l-naphthylamine (8 g.) was crystallised from ligroin, forming red plates, 
m. p. 119° (Found: N, 15-0. Calc.: N, 149%). The original filtrate was diluted with water 
to 500 c.c., filtered, and neutralised with ice-cold ammonia; the precipitated 8-nitro-l-naphthyl- 
amine crystallised from ligroin in bright red needles, m. p. 97° (Found: N, 150%). Total 
yield of this isomeride, 5 g. 

(b) With various amounts of nitric acid. The above procedure was repeated with 8-8 g., 
8-0 g., and 22 g. of potassium nitrate. The yields of 5-nitro- and 8-nitro-l-naphthylamine 
obtained are in the table. 

Mononitration of B-Naphthylamine.—Four nitrations were carried out, as described above, 
with B-naphthylamine (14 g.) and 11 g., 8-8 g., 8-0 g., and 22 g. of potassium nitrate. The pre- 
cipitated solid was the sulphate of 5-nitro-2-naphthylamine free from tar. The liberated base 
rystallised from glacial acetic acid in red needles, m. p. 143—144° (Found: N, 15-1%). The 
filtrate from the sulphate, when neutralised with ammonia, gave 8-nitro-2-naphthylamine, 
which crystallised from glacial acetic acid in red needles, m. p. 103—104° (Found: N, 15-0%). 
The yields are reported in the table. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 
—TECHNICAL COLLEGE, HUDDERSFIELD. [Received, December 16th, 1938.] 





The Second Dissociation Constant of Barium Hydroxide. By Cecit W. Davigs 


KiILpE (Z. anorg. Chem., 1934, 218, 113) has shown that calcium hydroxide is incompletely 
dissociated in aqueous solution; the dissociation constant for the process CaOQH* => Ca” + 
OH’ has the value K = 0-031 (Kilde, loc. cit.; Davies, J., 1938, 278). It seemed of interest to 
compare this value with those of other alkaline-earth hydroxides, and for barium hydroxide the 
activity measurements of Harned and Mason (J. Amer. Chem. Soc., 1932, 54, 1441) provide the 
necessary data. The activity coefficients found by these authors for dilute solutions at 25° 
are markedly lower than those for calcium and barium chlorides, and we can conclude that the 
process BaOH* = > Ba” + OH’ does not go to completion. If « is the fraction of the inter- 
mediate ion dissociated, we have the following relationship between the measured stoicheio- 
metric activity coefficient, y, and the mean ionic activity coefficient, f : 4y°m* = a,* = f%a(1 + 
«)*m’. Here m is the molar concentration, a, the mean ion activity, and (1 + «)m the concen- 
tration of hydroxyl ion. It follows that f*/y? = 4/a(1 + «)*, and this equation can be solved, 
by successive approximations, for « on the assumption that f is given by the general equation 
recently published (J., 1938, 2094). The results of the calculations are given below. Cols. 1 
and 2, taken from Harned and Mason’s paper, show respectively the molar concentration and 
the authors’ ‘“‘ smoothed ”’ activity coefficient. Col. 3 gives the mean ionic activity coefficient, 
calculated from the equation log f = — VJ/(1 + VI) + 0-20/, and Col. 4 the degree of dissoci- 
ation of the barium hydroxide ion. I is the ionic strength, given by J = (1 + 2a)m, and K, 
the second dissociation constant of barium hydroxide, is calculated from the equation 


log K = log a(1 + a)m/(1 — a) — 20/7/(1 + VI) + 0-401. 


m. y- 5. i Ki 

0-009974 0-712 0-724 . 0-02949 

0-01505 0-661 0-685 5 0-04349 

0-02010 0-627 0-657 ° . 0-05750 

0-03070 0-579 0-616 - 0-08650 

0-04074 0-549 0-589 ° 0-1139 . 
0-04990 0-526 —--—-0-571 — -- - - 0-1380 0-23, 
0-06151 0-502 0-553 ° 0-1676 0-22, 


The constancy of K is good, and the value 0-23 can be accepted as the second dissociation 
constant of barium hydroxide. Thus calcium hydroxide is a far weaker electrolyte than barium 
hydroxide, and the evidence of the hydrolysis of magnesium salts suggests that magnesium 
hydroxide is weaker still —BaTTERSEA PoLyTECHNIC, LonDON, S.W.11. [Received, January 23rd, 
1939.] 
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A Micro-method for the Determination of the isoPropylidene Group in Sugar Derivatives. By 
D. J. Bett and K. Harrison. 


ELsneEr (Ber., 1928, 61, 2364) has described a procedure for the estimation of the isopropylidene 
group in sugar derivatives, which is inconvenient in that (a) a relatively large sample is required, 
and (b) it is necessary to distil the acetone in a stream of 
purified carbon dioxide. By the use of a compact steam- 
distillation apparatus designed by one of us (K. H.) in con- 
nection with another problem, these and other disadvantages 
are removed, and a sample giving 1 mg. of acetone may be 
analysed with an accuracy of + 1%. 

The apparatus consists of a boiler A, provided with a 
stop-cock to equalise pressures and prevent regurgitation at 
the end of a distillation; it is essential that broken tile be 
added to promote even boiling. Steam passes through the 
reaction mixture in B; the ground joint at C is lubricated 
with syrupy phosphoric acid, and that at D with water. The 
tube CD must be stoutly made, as it carries the weight of a 
condenser (attached by steel springs). 

A glass capsule holding the material to be analysed (enough 
should be taken to yield 0-6—1-2 mg. of acetone) is dropped 
into 5 ml. of n-sulphuric acid previously placed in B; the 
condenser delivery-tube is caused to dip below the surface of 
a freshly prepared solution containing 25 ml. of n/100-iodine 
in 5 ml. of nN-sodium hydroxide. After 20 minutes’ boiling, 
the stop-cock is opened, the condenser disconnected and 
washed out, and after acidification with 7 ml. of N-sulphuric 
acid, the excess of iodine is titrated with n/100-sodium thiosulphate. A blank is run for 


each batch of determinations. 























Typical Results. 


% Acetone. 





Substance. Fo " Calc. 


Diacetone glucose 44-6 
3 : 4-Monoacetone f-methylgalactoside , 24-8 
3 : 4-Monoacetone 2 : 6-dimethyl f-methylgalactoside . 22-1 
3-Acetyl diacetone glucose ‘ 38-4 
3 : 4-Monoacetone 2-methyl f-methylgalactoside 6-nitrate ; 19-7 
3-p-Toluenesulphony] diacetone glucose . 28-2 
B-Diacetone fructose . 44-6 
Potassium diacetone 2-ketogluconate monohydrate , 35-1 


In certain cases, where the substance is not soluble in water, decomposition can be effected 
by hydrolysis in n-sulphuric acid with 20% of tri- or tetra-methyl glucose added to promote 
solution. We have sought in vain for other effective solvents which are not volatile in steam ; 
a large number of volatile compounds were examined, but all reacted with the alkaline hypoiod- 
ite. The method is not applicable directly to benzoyl or benzylidene derivatives; pentoses do 


not interfere. 


The authors are indebted to Dr. Stanley Peat for certain of the substances investigated.— 
THE BIOCHEMICAL LABORATORY, CAMBRIDGE. [Received, January 12th, 1939.] 
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Ninth Report of the Committee on Atomic Weights of the 
International Union of Chemistry. 


By G. P. BAxTEerR (Chairman), M. GuICHARD, O. HONIGSCHMID, and 
R. WHYTLAW-GRAY. 


THE following report of the Committee covers the twelve-month period, September 30th, 
1937, to September 30th, 1938.* Only one change has been made in the table of atomic 
weights, in the case of phosphorus from 31-02 to 30-98. 

. CarBon.—Moles and Escribano (Compt. rend., 1938, 207, 66) have redetermined the 
densities of oxygen and carbon dioxide at different pressures : 


Oxygen. Carbon Dioxide. 

1 Atm. 0-5 Atm. 1 Atm. 0-5 Atm, 
1-42900 1-42832 1-97690 1-97016 
1-42894 1-42829 1-97695 1-97011 
1-42896 1-42828 1-97694 1-97015 
1-42892 1-42830 1-97694 1-97013 
1-42895 1-42828 1-97695 1-97011 
1-42891 1-42828 1-97693 1-97016 
1-42892 1-42831 1-97694 1-97014 
1-42894 
1-42895 

Average 1-42894 1-42829 1-97693 1-97014 


Extrapolation to zero pressure gives the limiting densities 1-42764 and 1-96334. The 
molecular weight of carbon dioxide is then 44-007 and the atomic weight of carbon 12-007. 
NITROGEN.—Moles and Roquero (Anal. Fis. Quim., 1937, 35, 263) have redetermined 
the densities of oxygen and ammonia, by an improved volumeter method. Results are 


referred to g = 980-665. 


The Density of Ammonia. The Density of Oxygen. 
1 Atm. 1 Atm. 0-67 Atm. 0-50 Atm. 0-33 Atm. 

0-771422 1-42895 1-42856 1-42829 1-42810 

0-771397 1-42898 1-42855 1-42829 1-42802 

1-42895 1-42840 1-42828 1-42800 

1-42894 1-42854 1-42830 1-42806 

1-42892 1-42826 
Average 0-771409 1-42895 1-42851 1-42828 1-42805 
By the method of least squares D = 1-42760 + 0-001348. 


Moles (ibid., p. 134) discusses critically the ‘‘ limiting density ’’ and “‘ limiting pressure ”’ 
methods of finding molecular and atomic weights and finds from data obtained earlier the 
following atomic weights for carbon, nitrogen, and fluorine: C = 12-007; N = 14-008; 
F = 18-995. 

FLUORINE.—Mejes and Toral (Z. anorg. Chem., 1938, 236, 225) have redetermined the 
densities of silicon fiuoride at different pressures. The gas was prepared by (a) the pyrolysis 
of barium silicofluoride, (b) the method of Gay-Lussac, and after treatment to remove traces 
of hydrogen fluoride and moisture was resublimed a number of times. The mean values 
obtained in two different bulbs are : 

Density. 

760 mm. 570 mm. 380 mm, 

4-69041 4-67873 4-66708 

4-69049 4-67885 4-66707 

4-69053 4-67875 4-66704 

4-69042 4-67867 4-66699 

4-69054 4-67882 4-66706 

4-69051 4-66708 

Mean 4-69049 4-67877 4-66705 
* Authors of papers bearing on the subject are requested to send copies to each of the four members 
of the Committee at the earliest possible moment: Prof. G. P. Baxter, Coolidge Laboratory, Harvard 
University, Cambridge, Mass., U.S.A.; Prof. M. Guichard, Faculté des Sciences, Sorbonne, Paris, 
France; Prof. O. Hénigschmid, Sofienstrasse 9/2, Munich, Germany; Prof. R. Whytlaw-Gray, Univer- 


sity of Leeds, Leeds, England. 
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Extrapolation to zero pressure gives 4-64361 for the limiting density. The molecular 
weight of silicon fluoride is hence 104-085, from which, with Si = 28-065 (International 
value), F = 19-005, or, if Si = 28-104 [a mean value from the results of Hénigschmid (Z. 
anorg. Chem., 1924, 141, 101) and Weatherill and Brundage (J. Amer. Chem. Soc., 1932, 
54, 3932)], F = 18-995. 

PxHosPHORUS.—Honigschmid and Menn (Z. anorg. Chem., 1937, 235, 129) have com- 
pared phosphorus oxychloride with silver and silver chloride. Commercial oxychloride, 
after being warmed with phosphoric oxide to remove pentachloride and fractionally 
crystallised to eliminate trichloride, was subjected to a series of distillations with fraction- 
ation columns in exhausted glass systems which provided for removal of head and tail 
fractions as well as a sample of the main portion in each distillation. 

The samples for analysis, which were sealed in glass balls, were weighed in air and 
water and broken under ammonia in a closed flask. The glass fragments were collected 
and weighed, and the solution after acidification was compared with silver and silver 
chloride in the usual way. 


The Atomic Weight of Phosphorus. 


Fraction- POC], At. wt. AgCl, 
ation. Fraction. g. Ag, g. POCI, : 3Ag. P. g. POCI,: 3AgCl. 

Middle 2-59943 5-48600 0-473830 30-979 

Head 3-88813 8-20582 0-473826 30-978 

Middle 2-61334 5-51549 0-473819 30-976 

Middle 3-05680 6-45125 0-473831 30-980 

Head 4-13618 8-72923 0-473831 30-980 

Middle 2-83672 5-98674 0-473834 30-981 

Tail 2-89397 6-10734 0-473851 30-986 8-11469 0-356634 30-985 

Head 2-76953 5-84509 0-473822 30-977 7-76609 0-356618 30-979 

Middle 3-09822 6-53853 0-473840 30-983 8-68750 0356630 30-984 

Tail 3-93788 8-31040 0-473850 30-986 11-04238 0-356615 30-977 

Head 3-91543 10-97914 0-356624 30-981 

Middle 2-50130 7-01398 0-356616 30-978 

Tail 1-97687 4-17195 0-473848 30-985 554346 0-356613 30-977 

Head 2-41931 5-10601 0-473816 30-975 6-78422 0-356609 30-975 

Middle 2-25215 4-75296 0-473842 30-983 631508 0-356631 30-984 

Tail 3-70839 7-82625 0-473840 30-983 10-39849 0-356628 30-983 

Middle 1-90221 4-01461 0-473822 30-977 5-33387 0-356629 30-983 

Tail 3-72114 10-43428  0-356626 30-982 
Average 0-473833 » 30-981 0-356623 30-981 


The average value from head fractions is 30-978, that from middle fractions 30-979. 
Tail fractions gave slightly higher values, diminishing as the fractionation progressed. 
The authors believe the value 30-978 to represent the best value from their work. This 
value agrees very closely with that found from the density of phosphine by Ritchie (see 
Report for 1930). Aston gives the packing fraction of phosphorus as —5 x 10%. On 
the assumption that phosphorus is a simple element with the factor for conversion to the 
chemical scale 1-00027, the atomic weight is 30-976. It seems to be certain that the 
International value 31-02 is too high. The atomic weight of phosphorus in the table has 
therefore been changed to 30-98. 

RuBIDIUM.—Brewer (J. Amer. Chem. Soc., 1938, 60, 691) with a mass spectroscope 
finds the **Rb/*’Rb ratio in natural sources to be 2-61. With the conversion factor 1-00027 
and the packing fractions 8-7 and 8-9 the atomic weight of rubidium is 85-456, which is 
slightly lower than the International value. 

RUTHENIUM.—Gleu and Rehm (Z. anorg. Chem., 1937, 235, 352) in a revision of the 
atomic weight of ruthenium analysed purpureo-ruthenium chloride, [Ru(NH,);CIJCl,, 
since this salt is stable, and crystallises well without water of crystallisation. Weighed 
quantities of salt, dried at 110°, were reduced at bright redness in a current of hydrogen 
and the resulting metal was weighed. 

The purpureo-chloride, after being dried at 110° for 4 days, according to the statement 
of the authors is exceptionally dry and practically undecomposed, although at higher 
temperatures, e.g., 130°, marked decomposition can be detected. 
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The authors estimate that uncertainty due to incomplete drying and partial decom- 
position may amount to 0-1—0-2% of the weight of salt. 


Ru(NH;) ,Cls, g. Ru, g. Ru : Ru(NH;),Cl,. At. wt. Ru. 
0-71170 0-24581 0-34538 101-05 
0-66212 0-22872 0-34545 101-08 
0-52131 0-18014 0-34555 101-13 
0-37477 0-12942 0-34533 101-03 
0-74003 0-25567 0-34549 101-10 
0-51860 0-17916 0-34547 101-09 
0-55504 0-19189 0-34572 101-21 
0-57077 0-19707 0-34527 101-00 
0-52431 0-18107 0-34535 101-04 
0-73077 0-25247 0-34549 101-10 
0-67518 0-23317 0-34535 101-04 

Average 0-34544 101-08 


The possible uncertainty in the weight of the purpureo-chloride admitted by the 
authors, 0-2%, corresponds at least to 0-3 unit in the atomic weight of ruthenium. Further- 
more, information given by the authors concerning the preparation of the hexammine 
sulphate, from which the purpureo-chloride is obtained, is meagre. Hence in view of the 
uncertainty in the mass spectrograph value the Committee feels that it is unwise to alter 
the value for ruthenium in the Table. 

NEODYMIUM.—Ho6nigschmid and Wittner (Z. anorg. Chem., 1938, 235, 220) have com- 
pared anhydrous neodymium chloride with silver and silver chloride, using two samples 
of neodymium material purified by Feit (Feit and Przibylla, ibid., 1905, 48, 202). 
Examination of the X-ray spectra by Noddack revealed not over 0-04% of any rare- 
earth impurity. Repeated precipitation as oxalate from strongly acid solution served to 
remove ordinary impurities. The chloride was prepared by solution of the oxide in 
hydrochloric acid and precipitation with hydrogen chloride at ice temperature. 

Slow dehydration at moderate temperatures in a current of dry hydrogen chloride was 
followed by heating to 450° in some cases, rapid fusion in others. 


Comparison with silver and silver chloride followed conventional lines. Vacuum 
weights are given. 


The Atomic Weight of Neodymium. 


NdCl, dried at 450°. 


NdCl,, g. Ag,g. NdCl,:3Ag. At. wt. Nd. AgCl, g. NdCl,: 3AgCl. At. wt. Nd. 
2-27815 2-94163 0-77445 144-273 3-90844 0-58288 144-274 
2-49290 3-21892 0-77445 144-273 4-27688 0-58288 144-273 
3-18825 4-11686 0-77444 144-268 5-47000 0-58286 144-266 
3-59299 4-63933 0-77446 144-276 6-16424 0-58288 144-272 
Average 0-77445 144-272 0-58288 144-272 


Fused NdCl). 


3-63095 4-68846 0-77445 144-270 6-22951 0-58286 144-267 
4-31489 5-57154 0-77445 144-273 7-40277 0-58288 144-272 
3-95113 5-10171 0-77447 144-279 6-77882 0-58288 144-274 

Average 0-77446 144-274 0-58287 144-271 


Average of all 144-273 


The average of all the experiments agrees with that found in 1911 by Baxter and 
Chapin, and with the International value. 

Aston (Proc. Roy. Soc., 1934, A, 146, 46) from abundance ratios and packing fraction 
found 143-5. Two additional isotopes have recently been found by Dempster (Physical 
Rev., 1937, 51, 289) and Mattauck and Hauck (Naturwiss., 1937, 25, 781). The latter 
have revised Aston’s abundance ratios and find the atomic weight 144-29. 

EvropiuM.—Baxter and Tuemmler (J. Amer. Chem. Soc., 1938, 60, 602) have published 
further details on the analysis of europous chloride (see eighth report of this Committee). 
Material found spectroscopically, by King, to be pure was crystallised as nitrate, pre- 
cipitated as oxalate, and crystallised as trichloride. The chloride was converted into 
dichloride by drying and fusion in hydrogen and hydrogen chloride. After solution and 
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oxidation comparison with silver was carried out. For correction to the vacuum standard 
the density of the dichloride was determined, 4-87. 


The Atomic Weight of Europium. 


EuCl,, g. Ag, g. EuCl,:2Ag. At. wt. Eu. 
2-37130 2-29561 1-032971 151-960 
3-08194 2-98354 1-032981 151-962 
2-81858 2-72847 1-033026 151-972 
4-88934 4-73340 1-032945 151-954 
4-71094 4-56053 1-032981 151-962 
4-76278 4-61057 1-033013 151-969 
4-18924 4-05537 1-033011 151-968 
2-96223 2-86766 1-032978 151-961 
Average 1-032988 151-963 


Kapfenberger (Z. anorg. Chem., 1938, 238, 273) also has analysed europous chloride. 
From a rare-earth fraction consisting chiefly of samarium and gadolinium salts with about 
1% of europium, the europium was precipitated as europous sulphate by electrolysis, and 
this process was many times repeated until examination of the X-ray spectrum (Noddack) 
showed only 0-03—0-04% of gadolinium and 0-02—0-03% of samarium. Further purific- 
ation involved precipitation with oxalic acid and crystallisation of europic chloride. 
Anhydrous chloride was prepared in some experiments by gradual heating of the trichloride 
in dry hydrogen and hydrogen chloride below the melting point of the trichloride; in 
others by final fusion in the same atmosphere. Analysis by comparison with silver was 
carried out as described by Baxter and Tuemmler except that Kapfenberger determined 
the silver chloride also. Weights are corrected to vacuum. 


The Atomic Weight of Europium. 


EuCl,, g. Ag, g. EuCl,:2Ag. At. wt. Eu. AgCl, g. EuCl,: 2AgCl. At. wt. Eu. 


1-60119 1-55044 1-032733 151-908 2-06015 0-777220 151-895 
2-15842 2-09010 1-032687 151-899 2-77705 0-777235 151-900 
2-59610 2-51389 1-032702 151-902 3-34016 6-777238 151-900 . 
2-94429 2-85104 1-032707 151-903 3-78795 0-777278 151-911 
2-52095 2-44115 1-032690 151-899 3-24349 0-777234 151-899 
2-29944 2-22660 1-032713 151-904 2-95844 0-777251 151-904 
Average 1-032705 151-902 0-777243 151-901 


The discrepancy between the two determinations by Baxter and Tuemmler and by 
Kapfenberger is far beyond the experimental] error and presumably is to be explained on 
the basis of impurity in one or both samples. The mass spectroscopic value apparently 
lies between the two. Aston estimates the abundances of the two europium isotopes as 
151Fu, 50-6%; 18Eu, 49-4% and the packing fraction as —4 x 10“. Dempster (Physical 
Rev., 1938, 53, 64) has recently found Aston’s packing fractions to be about 2/10,000 too 
large.* With the above abundances, the packing fraction —2 x 10“, and the conversion 
factor 1-00027 the atomic weight of europium is 151-917. Because of these discrepancies 
no change in the atomic weight of europium is made in the Table. 

LuTEcIUM.—HoOnigschmid and Wittner (Naturwiss., 1937, 25, 748) find the atomic 
weight of a specimen of lutecium (Welsbach) to be 174-96 by analysis of the chloride. 
Noddack was unable to find appreciable impurity except 1-18% of ytterbium. The atomic 
weight corrected for ytterbium is 174-98. The mass spectrographic value is uncertain, 
for though Aston found lutecium to be a simple element, Gollnow reports 1-5—2-5% of 
either 178Lu or 177Lu. 

LeaD.—Baxter and Kelley (J. Amer. Chem. Soc., 1938, 60, 62) have compared lead 
from St. Joachimsthal pitchblende with that from cerussite (Wallace, Idaho). Purification 
of both samples included crystallisation of the nitrate and the chloride and distillation 
in quartz in hydrogen chloride. Comparison of lead chloride with silver followed the 
conventional method. Weights are corrected to vacuum. : 

Isotopic analysis of the St. Joachimsthal lead by Nier is as follows: *°*Pb, 21-56%; 
207Pb, 11-74%; 2° Pb, 66-12%; 2*Pb, 0-58%. With the packing fraction +1-5 x 10° 


* See also Aston, Nature, 1938, 141, 1096. 
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(Nier, J. Amer. Chem. Soc., 1938, 60, 1571) and the conversion factor 1-00027 the atomic 
weight of this specimen is found to. be almost identical with the above chemical value, 


206-51. 
The Atomic Weight of Lead. 


PbCl,, g. Ag, g. PbCl,: 2Ag. At. wt. Pb. PbCl,, g. Ag, g. PbCl,:2Ag. At. wt. Pb. 
Cerussite. St. Joachimsthal. 

4-81912 3-73859 1-28902 207-205 1-59548 1-24121 1-28542 206-428 
2-45187 1-90209 1-28904 207-209 2-75039 2-13878 1-28596 206-545 
1-55822 1-20877 1-28910 207-222 3-77378 2-93499 1-28579 206-506 
2-70109 2-10070 1-28580 206-510 
4-40976 3-42962 1-28579 206-507 
Average 1-28905 207-212 1-28575 206-500 


Nier (J. Amer. Chem. Soc., 1938, 60, 1571) by mass spectrographic analysis has found 
the isotopic composition of common leads to vary over a considerable range, although 
the atomic weight computed from isotopic abundances diverges appreciably from the 
International value 207-21 only in one case out of ten, that of lead from Joplin, Mo., U.S.A. 


TABLE I. 
Geo- 
logical Atomic weight. 
age, Isotope abundances. Mean c mn . 
Source of lead, years c 2 = mass Physi- Chemi- 
locality. x10. 204. 206. 207. 208. number. cal. cal. 
Galena, 1300 1-000 15:93 15:30 35-3 207-243 207-218 207-206 
Great Bear Lake 
Galena, 950 1000 16:07 15:40 35-5 207-242 207-217 
Broken Hill, N.S.W. 
Cerussite, 950 1:000 15:92 15:30 35:3 207-242 207-217 207-21 
Broken Hill, N.S.W. 1000 15-93 15:28 35-2 207-241 207-216 
Galena, 1-000 18-43 15-61 38-2 207-229 207-204 207-209 
Yancey Co., N.C. 
Galena, 1000 18:10 15:57 37-85 207-231 207-206 207-21 
Nassau, Germany 
Cerussite, 1-000 18:20 15-46 37-7 207-228 207-203 207-20 


Eifel, Germany 
Galena I, 1000 21-65 15-88 40-8 207-203 207-178 207-22 


Joplin, Mo. 
Galena II, 1000 21-60 15-73 40-3 207-200 207-175 
Joplin, Mo. 1000 21-65 15:75 40-45 207-200 207-175 
Galena, 1- 19-30 15:73 39-5 207-228 207-203 
Metalline Falls, Wash. 
Cerussite, . 15:98 15:08 35-07 207-239 207-214 
Wallace, Idaho . 16-10 15:13 35:45 207-242 207-217 
Wulfenite and vanadinite, 25 -00 18-40 15:53 38-1 207-229 207-204 


Tuscon Mts., Arizona 
Galena, 1000 17:34 15:47 37-45 207-240 207-215 


Saxony, Germany 1000 17-38 15:44 37:3 207-238 207-213 


The value 207-21 is retained for the table, although in the future it is apparent that 
the geological occurrence of common lead must be taken into account so far as its atomic 


weight is concerned. 
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INTERNATIONAL ATOMIC WEIGHTS, 1939. 


Sym- At. Sym- At. 

bol. No. At. wt. bol. No. At. wt. 
Aluminium Al 13 26-97 Ne 10 20-183 
Antimony............. Sb 51 121-76 OEE 58-69 
Argon A 18 39-944 Niobium 
ee 74-91 (Columbium) ...Nb (Cb) 41 92-91 
Barium ............... Ba 66 187-36 NOG ..c.0ccis BH 7 14-008 

Be 4 9-02 Osmium Os 76 190-2 
Bismuth ............. Bi 83 209-00 0 ORS 8 16-0000 
REEL ° siccuudtaeeeice.. 20 5 10-82 Palladium............ Pd 46 106-7 
EE = 79-916 | Phosphorus P 15 30-98 
Cadmium Cd 48 ~~ 112-41 Platinum Pt 78 195-23 

Cs 55 132-91 Potassium............ 19 39-096 
40-08 Praseodymium 59 140-92 
EEE ncdcscnestincte ee 6 12-010 Protoactinium 91 231 
Cerium Ce 58 140-13 tice sive <o8ae 88 226-05 
Chlorine Cl 17 35-457 | ear ae 86 223 - 
Chromium Cr 24 52-01 Rhenium ............ 75 186-31 
CE ct iteddsnnsee “GP 27 58-94 Rhodium 45 102-91 
ar: ae 63-57 Rubidium 37 85-48 
Dysprosium Dy 66 162-46 Ruthenium 44 101-7 
OO RS 68 167-2 Samarium............ 62 150-43 
Europium Eu 63 = 152-0 Scandium ............ 21 45-10 
Fluorine F 9 19-00 Selenium ............ 34 78-96 
Gadolinium Gd 64 156-9 SED atabinapacesede Ue 14 28-06 
ee 69-72 EARS 47 107-880 
Germanium Ge 32 72-60 BI inn dithBer cooeee ll 22-997 
Gold Au 79 197-2 Strontium............ 38 87-63 
EE Ee 16 32-06 
BGM ..02.000....... Be 2 4-003 Tantalum 73 180-88 
Holmium ............ Ho 67 163-5 Tellurium 52 127-61 
Hydrogen H 1 10081 Terbium ............ 65 159-2 
ED scskinsiiiteneniibvin.. 49 114-76 Ea 81 204-39 
Iodine I 53 =: 126-92 EL msencieeseh 90 232-12 
ES 77 = =193-1 TEE. .Bbserecnces 69 169-4 
(a 26 55-84 Sey: 50 =: 1118-70 
Krypton ............ Kr 36 83-7 Titanium ............. Ti 22 47-90 
Lanthanum 57 =138-92 Tungsten ............ 74 183-92 
ei cae 82 207-21 I is cenicinaie 92 238-07 
Pe 3 6-940 Vanadium............ 23 50-95 
Lutecium 71 175-0 SE atthe ceenahand 54 1313 
Magnesium 12 24-32 Ytterbium 70 173-04 
Manganese 25 54-93 - Pree. 39 88-92 
Mercury ....:....... 80 200-61 ME wes:bus dssvnssewecs 30 65-38 
Molybdenum 42 95-95 Zirconium............ 40 91-22 

60 144-27 
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79. w-Bromo-o-cyanostyrenes and Related Compounds. 
By W. Davies, B. M. HoiMEs, and J. F. KEFForp. 


The two o-cyanocinnamic acids have been converted into the two w-bromo-o- 
cyanostyrenes, the higher-melting form being obtained in especially good yield. These 
two styrene derivatives differ considerably in chemical activity. Related compounds, 
including w-bromo-p-cyanostyrene, have been prepared. 


w-BROMO-0-CYANOSTYRENES (I) have been prepared with a view to the synthesis of 
1-substituted isoquinolines (following paper), and the non-synthetic aspects of the work 
are now recorded. #rans-o-Cyanocinnamic acid (Davies and Poole, J., 1927, 2661) yields 
with bromine vapour at the ordinary temperature «$-dibromo-f-o-cyanophenylpropionic 
acid (IIA), m. p. 203—204° (Linstead and Noble, J., 1937, 936, record m. p. 184—186°). 
This with steam in the presence of sodium acetate gives cis-w-bromo-o-cyanostyrene (I), 
m. p. 30°, though only in 34% yield. Similar treatment of allo- or cis-o-cyanocinnamic 
acid (Edwards, J., 1926, 815) gives a«$-dibromo-$-o-cyanophenylpropionic acid (IIB), 
m. p. 154—155°. This on mere boiling with water gives a 75% yield of trans-w-bromo- 
o-cyanostyrene, m. p. 86°. Helberger and von Rebay (Amnalen, 1937, 531, 279) prepared 
«-bromo-o-cyanostyrene (m. p. 87°) from (IIB) by the action of pyridine. 


CH:CHBr CHBr-CHBr-CO,H H°CHBr 
CN CN CO,H 
(I.) ‘ (IIA.) and (IIB.) (III) 

The two w-bromo-o-cyanostyrenes show considerable differences in chemical activity. 
Some bromine is removed as hydrogen bromide from the cis-isomer by boiling for 1 minute 
with alcoholic N-sodium hydroxide, and o-cyanophenylacetylene can be isolated: all 
the bromine is readily removed by more prolonged treatment. The érans-form loses 
only a portion of its bromine when refluxed with alcoholic alkali for 8 hours, the main 
products being «-bromostyrene-o-carboxylic acid (III) and its acid amide; the latter is 
more readily obtained by the action of hydrogen peroxide and alkali on trans-w-bromo- 
o-cyanostyrene. Greater activity of the cis- than of the ¢vans-antimeride has already 
been noted with the w-bromostyrenes and especially with the #-bromo-/-nitrostyrenes 
(Dann, Howard, and Davies, J., 1928, 606). The striking activity of cts-w-bromo- 
o-cyanostyrene seems to be restricted to the action of alkali, for aniline or piperidine in 
boiling benzene is relatively inert. The cis-form is readily converted by the action of 
light into a mixture, from which much tvans-w-bromo-o-cyanostyrene can be separated 
partly by crystallisation and partly by the destruction of the labile cis-form with alkali. 

In the preparation of (I) on a large scale where (II) is not isolated in a pure state, its 
stereochemical homogeneity largely depends on the conditions of bromination of the parent 
o-cyanocinnamic acid. For example, when the cis-acid (m. p. 137°) is brominated in hot 
acetic acid, the final product (I) is a mixture of the cis- and the trans-form in poor yield, 
whereas the trans-form is obtained stereochemically pure and in much greater yield when 
the bromination is carried out with bromine in a desiccator. The same changes in the 
bromination conditions of trans-o-cyanocinnamic acid bring about a similar variation in 
the proportion of the geometrical isomers of (I), though here the cis-form in the absence 
of bright light contains a relatively small proportion of the trans-form. In the higher 
temperature method of bromination it is probable that, perhaps through the agency of 
hydrogen bromide, some interconversion of the o-cyanocinnamic acids takes place. Some 
such change is particularly likely in view of the occurrence of such side reactions as the 
production of ammonium bromide, which indicates the presence of hydrogen bromide 
during the reaction. 

The two dibromo-acids (IIA) and (IIB) recall the high-melting meso-dibromosuccinic 
acid formed by the bromination of fumaric acid and the low-melting r-dibromosuccinic acid 
formed from maleic acid (for a discussion of this and related instances, see Frankland, 

BB 
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J., 1912, 101, 673). The analogy between (IIA) and (IIB) and the two dibromosuccinic 
acids is not perfect, because both forms of (II) have potential optical activity owing to 
the asymmetry of the molecule rendering complete internal compensation impossible. 
Accordingly no attempt has been made to resolve either acid. 

The assumption is made throughout this work (and also that of Dann, Howard, and 
Davies, loc. cit.) that the higher-melting of a pair of geometrical isomerides is the trans- 
form, but actual proof of these probable configurations is lacking. The assumption, 
however, is supported by the often observed “‘ preferential ¢rans-elimination rule” described 
by Frankland (loc. cit., p. 687). For example, trans-o-cyanocinnamic acid (m. p. 256°) 
via (ILA) gives cis-w-bromo-o-cyanostyrene, m. p. 30°, and cis-o-cyanocinnamic acid (m. p. 
137°) via (IIB) gives trans-w-bromo-o-cyanostyrene, m. p. 86°. It is known that the 
cis-forms of cinnamic, ~-methylcinnamic, and o-methoxycinnamic acids, unlike the bio- 
logically inactive trans-forms, have a powerful growth-promoting action on plants as 
shown by the pea test (Koepfli, Thimann, and Went, J. Biol. Chem., 1938, 122, 766, 769). 
The test with the two cinnamic acids has been confirmed in this University. Peas do 
not respond at all to the high-melting o-cyanocinnamic acid, and the positive response with 
the low-melting (cis-) form is so slight that it is hardly significant. Accordingly, this 
possible biological test of spatial configuration cannot yet be relied upon. 

The properties of the cis-form of (I) made it desirable to check the possibility that it was 
1-bromo#soquinoline and not the desired styrene. Accordingly, w-bromo-p-cyanostyrene, 
in which such cyclic formationis impossible, was examined: it resembles the cis-o-compound. 


EXPERIMENTAL. 

«B-Dibromo-B-o-cyanophenylpropionic Acid, m. p. 154—155°.—o-Cyanoallocinnamic acid 
(43-2 g.) was powdered and spread in thin layers in a vacuum desiccator over a slight excess 
of bromine (40-5 g.; 13-5 .c.c.). The pale yellow powder (79 g.; 95%) obtained after 5 days 
in the dark crystallised from toluene in colourless prisms, m. p. 154—155° (decomp.) (Found : 
equiv., 332-8. Calc. for C,jH,O,NBr,: equiv., 332-9). The titrated solution, when left over- 
night with a slight excess of n/50-sodium hydroxide, deposited long fine needles of w-bromo- 
o-cyanostyrene, m. p. 86°. [The isomeric acid on treatment with 10% or 25% potassium 
hydroxide solution gives a mixture of «-bromo-f-o-cyanophenylacrylic acid and o-cyanophenyl- 
propiolic acid (Linstead and Noble, Joc. cit.).]) When more than a slight excess of bromine 
was used in the bromination, the product was a dark viscous mass, which continually lost 
bromine in a vacuum, evolved bromine copiously on boiling with water, and was apparently 
an addition compound of bromine with the cyano-group. In all brominations by this method 
some hydrogen bromide was perceptible except when the o-cyanocinnamic acid was pure and 
dry. 
trans-w-Bromo-o-cyanostyrene.—a«®-Dibromo-f-o-cyanophenylpropionic acid (16 g.; m. p. 
154—155°) was heated with water (200 c.c.), and the product distilled in steam. trans-w- 
Bromo-o-cyanostyrene (7-5 g.; 75%) crystallised from alcohol or light petroleum in colourless 
needles, m. p. 86°, having a very faint hyacinth-like odour (Found: Br, 39-0. Calc. for 
C,H,NBr: Br, 38-5%). 

af-Dibromo-B-o-cyanophenylpropionic Acid, m. p. 203—204°.—o-Cyanoallocinnamic acid 
(8 g.), when brominated (7-5 g. of bromine) in a desiccator as described above, yielded 15-1 g. 
(98%) of a buff powder, which crystallised from much water in colourless needles and from 
toluene in colourless prisms; m. p. in a previously heated bath, 203—204° (decomp.) (Found : 
C, 35-4; H, 2-4; equiv., 332-75. Calc. for C,jH,O,NBr,: C, 36-0; H, 2:1%; equiv., 332-9). 
The same acid was also isolated, in almost quantitative yield, when o-cyanocinnamic acid (m. p. 
256°) was brominated in hot glacial acetic acid, and most of the acetic acid then removed by 
distillation. . 

cis-w-Bromo-o-cyanostyrene.—aB-Dibromo-f-o-cyanophenylpropionic acid (10 g.; m. p. 
203—204°) was dissolved in a solution of sodium acetate in water (250 c.c.), and the product 
distilled in steam. The oil in the distillate solidified in ice (yield, 2-1 g.; 34%) and then separ- 
ated from aqueous alcohol in colourless needles with a hyacinth-like odour, m. p. 30° (Found : 
C, 51-8; H, 2-8. C,H,NBr requires C, 51-9; H, 2-9%). The b. p. was not definite, some 
isomerism taking place, but the main fraction boiled at 108—118°/0-5 mm. It was insoluble 
in water but somewhat soluble in concentrated hydrochloric acid, from which some of the 
trans-form gradually separated at the ordinary temperature. 
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Conversion of cis- into trans-w-Bromo-o-cyanostyrene by the Action of Light.—When the 
pure cis-form (m. p. 30°) (or preferably the crude mixture, m. p. 23—25°, obtained in the pre- 
ceding experiment) was exposed in thin layers to bright sunlight for 3} hours, it became semi- 
solid even though the temperature was above 50°. A yield of about 50% of the high-melting 
form was obtained by crystallisation of the product from light petroleum (b. p. 60—80°). 

The conversion of the ¢vans-isomer into a mixture of the two forms was brought about much 
more slowly, both with the pure compound and when a solution in benzene was exposed to 
sunlight for 32 hours, the temperature being 55—65°. 

Action of Alkali on the w-Bromo-o-cyanostyrenes.—T he cis-form, m. p. 30°. The inital action 
of sodium hydroxide in dilute ethyl alcohol was to form o-cyanophenylacetylene, m. p. 75° 
(Linstead and Noble, loc. cit., record m. p. 76°). The styrene was boiled with the above reagent 
for 1 minute, nitric acid and silver nitrate solution added, and the silver bromide at once re- 
moved from thehot solution ; the filtrate, after cooling and standing for about 1 minute, deposited 
the silver salt of o-cyanophenylacetylene in sparingly soluble, colourless needles, which puffed 
vigorously but did not explode on heating and reacted vigorously with a bright flash with nitric 
acid (Found: Ag, 45-9. C,H,NAg requires Ag, 46-15%). The separation of this silver salt 
from the solution should be quickly carried out, as silver fulminate, which resembles it in 
appearance, often crystallises when the solution is kept fora few minutes. The presence of silver 
fulminate in the precipitate can be detected without detonation by its rapidly becoming violet 
or violet-brown in light, the cyanophenylacetylene salt being much more stable. 

cis-w-Bromo-o-cyanostyrene lost all its bromine when boiled for 34 hours with excess of 
sodium hydroxide in aqueous methyl alcohol. An ethereal extract of the product yielded a 
bromine-free oil insoluble in alkali, and the aqueous layer contained sodium acetophenone-o- 
carboxylate. The acid had m. p. 114—115° and was identified by the method of mixed melting 
points and by the m. p. 211° of its p-nitrophenylhydrazone (Davies and Poole, J., 1927, 2662). 

The trans-form, m. p. 86°. 3-0 G. in methyl alcohol (50 c.c.) were refluxed for 8 hours with 
2n-sodium hydroxide (40 c.c.). The solution, on cooling, deposited w-bromostyrene-o-carb- 
oxyamide (0-95 g.), m. p. 203—-204°, and more of this, together with oily material, was obtained 
by extraction with ether. When the ether-extracted aqueous layer was acidified, 0-125 g. 
(m. p. 159°) of the acid (III) separated; the filtrate from this yielded on repeated extraction 
with ether a small quantity of acetophenone-o-carboxylic acid. w-Bromostyrene-o-carboxylic 
acid (III) crystallised from alcohol in small needles with a very fine sheen, m. p. 160°. The 
bromine was very inert, and the acid did not decolorise potassium permanganate solution 
as quickly as cinnamic acid (Found: equiv. 229. C,H,O,Br requires equiv., 227). 

«-Bromostyrene-o-carboxyamide, readily soluble in hot alcohol and anisole, sparingly soluble 
in boiling benzene and cold alcohol, forms colourless needles, m. p. 203—204° (Found: Br, 
35-2. C,H,ONBr requires Br, 35-4%). It is more readily made by heating tvans-w-bromo-o- 
cyanostyrene with perhydrol and a trace of sodium hydroxide solution above 86° for about 
30 minutes, with vigorous agitation and with frequent renewal of hydrogen peroxide and the 
trace of alkali; the solid obtained is crystallised from alcohol. 

When a mixture (m. p. about 23°) of the two forms of w-bromo-o-cyanostyrene is boiled 
for a few minutes with alcoholic alkali, much of the tvans-form is left owing to the inertia of 
its bromine atom. Because of this inertia, attempts to make the silver salt of o-cyanophenyl- 
acetylene from the tvans-form failed. 

p-Cyanocinnamic Acid.—p-Cyanobenzaldehyde (Moses, Ber., 1900, 38, 2624) (0-13 g.) was 
dissolved in pyridine, a slight excess of malonic acid added together with 2 drops of piperidine, 
and the mixture heated until carbon dioxide ceased to be evolved. The cooled product was 
poured into dilute hydrochloric acid; the precipitate obtained (0-08 g.) separated from glacial 
acetic acid in colourless crystals, m. p. 253° (Moses gives 248—249°). This is probably the 
tvans-form, since the stable form is almost invariably obtained by the usual methods of 
synthesis. 

«B-Dibromo-$-p-cyanophenylpropionic acid was obtained as a pale yellow powder (0-13 g.), 
m, p. 179—182°, when -cyanocinnamic acid (0-08 g.) was exposed to the vapour of bromine 
(0-1 g.) in a desiccator in the dark for 4 days. 

«-Bromo-p-cyanostyrene.—a8-Dibromo-$-p-cyanophenylpropionic acid (0-1 g.) was dissolved 
in sodium acetate solution, and the product distilled in steam. The opaque distillate, placed 
in a refrigerator, deposited fine colourless needles with a faint odour of hyacinths, m. p. 47-5° 
after recrystallisation from light petroleum (yield, 0-02 g.) (Found: Br, 38-9. C,H,NBr 
requires Br, 38-5%). This is probably the cis-form, since (1) the p-cyanocinnamic acid is 
almost certainly the trans-form, and (2) a portion of the styrene, after being exposed to sun- 
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light in a silica tube for 18 hours and then crystallised from light petroleum, had m. p. 86° 
after softening at about 50°, indicating a partial change into a higher-melting form. 


The authors thank Miss Norma Smith for the biological testing of the cinnamic and the 
o-cyanocinnamic acids, and Miss Winifred Bibby and Mr. J. L. Osborne for assistance in the 


chemical work. 
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80. A New General Synthesis of 1-isoQuinoline Derivatives. 
By W. Davies, J. F. KErrorp, and J. L. OSBORNE. 


The Grignard reagent R*MgX (where R is methyl, phenyl, or benzyl) reacts 
additively with the cyano-group in tvans-w-bromo-o-cyanostyrene; when the product 
is heated from 100° to 200°, MgXBr is eliminated, and the 1-substituted isoquinoline 
produced. The yield is small owing to the formation of by-products, but the iso- 
quinoline derivative is readily obtained pure. 


tsoQUINOLINE derivatives substituted in the 1-position are important from the point of 
view of alkaloidal chemistry. The reduced isoquinolines of this type have long been known 
(Bischler and Napieralski, Ber., 1893, 26, 1903; Pictet and Kay, Ber., 1909, 42, 1973; 
Decker, Kropp, Hoyer, and Becker, Annalen, 1913, 395, 299), but their conversion into 
isoquinolines proved a stumbling block until Spaéth and Burger (Ber., 1927, 60, 704) and 
especially Spath, Berger, and Kuntara (Ber., 1930, 63, 134) showed that dehydrogenation 
was effected by heating with “ palladium mohr ” at 190—200°. This method suffers from 
the necessity of the tedious separation of the very soluble homamine and the dihydroiso- 
quinoline derived from it. In the present work the direct synthesis is effected without 
recourse to any hydrogenated type. 

trans-w-Bromo-o-cyanostyrene (I) (preceding paper) in ether is added to a Grignard 
reagent RMgX (preferably two molecules). When the preliminary reaction is complete, 
the ether is removed by distillation, and the residue heated from 100° to 200°; the inter- 
mediate compound (II) then loses magnesium halogenobromide, and the 1-substituted 
isoquinoline (III) formed. The product is acidified, and any unchanged (I), ketone or 
hydrocarbon removed in steam; treatment with alkali, followed by steam distillation, then 
gives the desired base pure apart from moisture. In this way 1-methyl-, 1-phenyl-, and 
1-benzyl-isoquinolines have been prepared from methyl iodide, bromobenzene, and benzyl 
bromide respectively. The yield does not exceed 154%, owing partly to incomplete decom- 
position of the addition compound (II), but chiefly to the formation of a non-volatile 
product, which is being investigated. 


CH CH, 
Ca CH:CHBr \cH HMe 
N R:NMg 
yd VW Wj 
R Me 


(I.) (II.) (III.) (IV.) 


The homogeneity of 1-methylésoquinoline thus produced has been particularly 
investigated, as this base was synthesised by one of us in 1926 (from cis-w-bromo-o- 
cyanostyrene, m. p. 30°) and not recognised because the melting points ascribed up to 1930 
to some of the crystalline derivatives of 1-methylésoquinoline are incorrect; ¢.g., the 
highest recorded melting point of the picrate is 16° low. The identity of the base 
synthesised as described above has been proved by the method of mixed melting points, its 
picrate (m. p. 225—226°) and that of authentic 1-methylésoquinoline (Spath, Berger, and 
Kuntara, loc. cit.) being used. 

Consideration of the possible formation of a mixture of bases by the above synthesis is 
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necessary because it has been claimed (for references, see Courtot, “‘ Magnesium en Chimie 
Organique,”’ 1926, p. 316) that Grignard reagents add on to ethylenic linkages. Had 
MeMglI added partly on to the double bond as well as on the the CN group in (I), the 
1-methylisoquinoline would have been contaminated with 1 : 3-dimethyl-3 : 4-dihydroiso- 
quinoline (IV) (picrate, m. p. 136°; Hey, J., 1930, 18) or with 1 : 4-dimethyl-3 : 4-dihydro- 
isoquinoline (picrate, m. p. 167—168°; Spath, Berger, and Kuntara, loc. cit.). The absence 
from the synthetic product of these or comparable bases shows that the ethylene bond in (I) 
does not add on a Grignard reagent. This inertia of a single ethylenic bond is in accord with 
the non-addition of phenylmagnesium bromide to styrene at 130—160° (Kinney and 
Larsen, ]. Amer. Chem. Soc., 1935, 57,1054). These instances, together with the exhaustive 
investigation at lower temperatures of more than thirty unsaturated hydrocarbons by 
Gilman and collaborators (see Gilman and Schulz, ibid., 1930, 52, 3588, for references), show 
that the possibility of this type of addition is unlikely to cause serious ambiguity in 
synthetic work. 
EXPERIMENTAL. 


1-Methylisoquinoline.—-A solution of trans-w-bromo-o-cyanostyrene (4-5 g.; 1 mol.) in dry 
ether was added to the Grignard compound (2 mols.) prepared from 6-2 g. of methyl iodide and 
1-06 g. of magnesium; a white precipitate at once formed. The mixture was refluxed for 15 
minutes, the ether distilled off, and the residue heated on a water-bath for 1 hour and in it for 
15 minutes. The product was acidified with dilute sulphuric acid and subjected to steam- 
distillation; from the distillate, ether extracted a small quantity of a fragrant oil, w-bromo-o- 
acetylstyrene, of which the 2: 4-dinitrophenylhydrazone formed red crystals, m. p. 182°, from 
ethyl alcohol or acetone (Found: N, 13-7. C,,H,,0,N,Br requires N, 13-8%). The acid 
residue was made alkaline with sodium hydroxide solution. Steam-distillation removed a 
reddish oil with a pleasant basic smell (0-4 g.; 13% yield), which was isolated by means of ether. 
The methiodide crystallised from alcohol in needles, m. p. 204—205° (1-methylisoquinoline 
methiodide has m. p. 207-5°; Mills and Smith, J., 1922, 121, 2732); the picrate, prepared in 
alcoholic solution, crystallised from methyl alcohol in yellow needles (Found: N, 15:2. Calc. 
for C,jH,N,C,H,O,N,: N, 15-1%), m. p. 225—226° alone or mixed with authentic 1-methyl- 
isoquinoline picrate, m. p. 225—226° (Spath, Berger, and Kuntara, Joc. cit.). 

1-Phenylisoquinoline.—Similarly, from bromobenzene (7-6 g.; 2 mols.), magnesium (1-17 g.; 
2 mols.), and trans-w-bromo-o-cyanostyrene (5 g.; 1 mol.), 0-61 g. (12-5% yield) of 1-phenyl- 
isoquinoline was obtained. After removal of the ether the residue was heated for an hour in 
an oil-bath at 160° [a better yield (0-79 g.; 15-5%) of the base was later obtained by 24 hours’ 
heating at 200°]. The base, filtered from the final steam-distillate and crystallised from light 
petroleum, had m. p. 95—96°; its picrate (from ethyi alcohol) had m. p. 165—166°. These are 
the m. p.’s recorded by Spath, Berger, and Kuntara (loc. cit.) for 1-phenylisoquinoline and its 
picrate. The preliminary steam-distillation of the acidified reaction product gave some un- 
changed tvans-w-bromo-o-cyanostyrene, diphenyl (m. p. 69°), and a small quantity of a fragrant 
oil, w-bromo-o-benzoylstyrene, of which the 2 : 4-dinitrophenylhydrazone formed orange crystals, 
m. p. 206—207°, from dioxan (Found : N, 12-3. C,,H,,0O,N,Br requires N, 12-0%). 

1-Benzylisoqguinoline.—This was similarly obtained (0-2 g.; 4% yield) from benzyl bromide 
(8-2 g.; 2 mols.), magnesium (1-17 g.; 2 mols.), and tvans-w-bromo-o-cyanostyrene (5 g.; 1 
mol.) ; the temperature of the product was gradually raised to 170° and maintained for an hour. 
The base formed a picrate having the m. p., 182°, recorded by Spath, Berger, and Kuntara 
(loc. cit.). The amount of by-product non-volatile in steam was unusually large (4-2 g.). 
Steam-distillation of the acidified reaction product gave dibenzyl (0-45 g.; m. p. 52-5°) anda 
fragrant oil, «-bromo-o-phenylacetylstyrene, of which the brick-red 2 : 4-dinitrophenylhydrazone 
formed crystals, m. p. 162-5°, from dioxan (Found: N, 11-9. C,,H,,0O,N,Br requires N, 11-7%). 


THE UNIVE«SITY OF MELBOURNE. [Received, November 17th, 1938.] 
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81. The Mechanism of Additions to Double Bonds. Part VI. 
Kinetics of Gaseous Associations. 
By G. A. BENFORD and ALBERT WASSERMANN. 


A study of the kinetics of the formation of gaseous endodicyclopentadiene between 
79° and 150°, at initial pressures between 154 and 735 mm., confirms the impression 
given by previous work, viz., that the gaseous associations known as diene syntheses 
are characterised by steric factors much smaller than unity. A qualitative explana- 
tion for this is suggested. 


THE non-exponential factor in the Arrhenius equation for the velocity coefficient of a 
bimolecular reaction can be represented as a product of a steric factor P and a collision 


frequency Z, and thus we have 
hun Ae PR? ae PZe POF www we ew 


where & is the velocity coefficient and E the activation energy. For gaseous reactions 
involving atoms or diatomic molecules the steric factor is about unity, and the kinetic 
A value and the collision frequency are approximately equal. Previous work (see the 
references in Parts IV and V; J., 1936, 1028; Trans. Faraday Soc., 1938, 34, 128) makes 
it very probable that the steric factor of gaseous associations of the type 


2 polyatomic molecules —> product. . . . . . (2) 


is much smaller than unity, but further measurements were necessary because in no case 
had the stoicheiometric equation been established under the conditions of the kinetic 
measurements, Experiments are now described from which it is possible to deduce not 
only the rate of an association of the above type, but also the stoicheiometric equation 
at the highest temperature and at the highest pressure at which kinetic measurements 


were carried out. 
TABLE I. 


Temp. range of kinetic Range of initial 

Reactants. measurements. pressure (mm.). Ref. 

400—650° 24—2300 

315—620 \y 2, 
opylene 330—400 
fo utylene 330—370 
A?-Butylene 330—380 
Amylene 350—420 
Isoprene 255—371 
A?*3-Pentadiene 279—419 
2 : 3-Dimethy]l-A1**-butadiene 309—400 
A!*-Butadiene 326—436 
Acraldehyde and ETE woeeee 107—209 
Acraldehyde and isopren 218—333 
(XIII) Acraldehyde and A}: fa-butadiene 155—332 
(XIV) Crotonaldehyde and A'**-butadiene ... 242—300 


TABLE IT. 
Reaction 


Press. 
No. Products. Temp. (mm.). Phase. Ref. 
(X) 1-Vinyl-A®-cyclohexene 100° 760 Gas 6 
(XI) 2: 5-endoMethylene-A*-tetrahydrobenzaldehyde ,.. <40 760 9 
(XII ayer -Methyl-A*-tetrahydrobenzaldehyde 1 sas 10 
chyde } >760 f Liquid 


— 
te 


SBOOSOWIOGSOoAO > > P OO” 


(XIII) A*-Tetrahydrobenzalde 11 
(XIV) ¢-Methyl At-tetrahrydrobenealdchyde 12 


1 Pease, J. Amer. Chem. Soc., 1929, 51, 3470; Brunner and Schlapfer, Helv. Chim. Acta, 1930, 18, 
1125; Taylor and Hook, J. Phy ‘sical Chem., 1935, 39, 811. * Travers, Trans. Faraday Soc., 1936, 
$2, 236; 1937, $8, 1345. 8 Pease, Ie Amer. Chem. Soc., 1930, 52, 1158; 1931, 58, 613; Storch, 
ibid., 1934, 56, 374; Russel and Hottel, Ind. Eng. Chem., 1938, 30, 183. « Krause, Nemcov, and 
Soskina, Compt. vend., Acad. Sci. U.S.S.R., 1934, 2, 305; 3, 265; J. Gen. Chem. U.S.S.R., 1935, 5, 343, 
356, 382; Muetzenhaendler, ibid., 1937, 7, 1848. 5 Vaughan, . Amer. Chem. Soc., 1933, 55, 4109. 
¢ Harkness, Kistiakowsky, and Mears, J. Chem. Physics, 1937, 5, 682. J Vaughan, J. Amer. Chem. 
Soc., 1932, 54, 386. * Kistiakowsky and Lacher, ibid., 1936, 58, 123. ® Alder and Stein, Annalen, 
1934, 514, 197. 10 Diels and Alder, ibid., 1929, 470, 85. 11 Idem, ibid., 1928, 460, 121. 12 Idem, 
ibid., 1929, 470, 87; here and in 14 the approximate yield is not = We were, however, informed in 
a private communication that the yield is satisfactory, and hence we conclude that at least 50% 
conversion takes place. 





[1939] The Mechanism of Additions to Double Bonds. Part VI. 363 


Previous Work.—The thermal gaseous polymerisations of Table I, which are numbered 
for further reference, are discussed because the rate-determining step is possibly an associa- 
tion of the type given in equation (2), and it is of interest to decide in which cases the order 
of magnitude of the steric factor can be estimated. So far as we are aware, the list is 
complete, but no photochemical polymerisations have been considered. 

Reactions (I)—(IX). These are either possibly heterogeneous or influenced by traces 
of catalysts, and the products are mixtures of compounds of unknown constitution which 
in some cases depend on the temperature of the kinetic experiments. For these reasons 
we think that reliable values for the steric factor of bimolecular intermediate reactions 
cannot be deduced. 

Reactions (X)—(XIV). These will be discussed later; they are homogeneous, traces 
of catalysts do not seem to influence the kinetics, and products of known chemical con- 
stitution are formed. In Table II are the names of these products (for formule, see Parts 
IV and V, Joc. cit.) and the experimental conditions under which at least 50% conversion 
takes place. 

As the experimental conditions to which Tables I and II relate are not the same, the 
products of Nos. (IX)—(XIV) have also been isolated in the temperature and pressure 
range of the kinetic measurements (compare ref. 8), but the yields, which were probably 
very small, have not been determined. 

The Association of Gaseous cycloPentadiene.—We have studied the kinetics of the 
thermal polymerisation of gaseous cyclopentadiene between 79° and 150° at pressures be- 
tween 154 and 735 mm. The stoicheiometric equation, determined at 150° and 735 mm., 


is given by 
(XV) 2 cyclopentadiene —-> endodicyclopentadiene * 


It can be assurned that at lower temperatures and pressures this polymerisation is 
represented by the same _ stoicheiometric 
equation because, at temperatures up to 100°, Fic, 1, 
endodicyclopentadiene is the only product of [ 
the polymerisation of liquid cyclopentadiene. 

The rate measurements were carried out 
at constant volume by following the pressure 
decrease, and it was found that reaction (XV) 
is homogeneous, of the second order, and 
that oxygen even in relatively large con- 
centrations does not influence the kinetics. 
It can, therefore, be concluded that free 
radicals or peroxidic intermediates play no 
part, and that the mechanism is bimolecular. 
The results of the kinetic measurements are 
in Table III and in Fig.1. The conversion 
ratios, C, give the percentage of cyclopenta- 1. a 
diene which has been converted at the end of “46 27 2 
each experiment. In the packed vessels the YT. 
surface/volume ratio was about five times 
larger than in the unpacked vessels. The coefficient & is given in the units 1. g.-mol. 
min., 

The rate of polymerisation of gaseous cyclopentadiene has also been studied by Harkness, 
Kistiakowsky, and Mears (loc. cit.) at 121—192° and at initial pressures between 373 
and 1880 mm., and by Schultze (Oel «. Kohle, 1938, No. 6, 113) at 132—182° and at initial 
pressures between 180 and 510mm. Probably endodicyclopentadiene is not the only product 
of the polymerisation at pressures above 1 atm. or at temperatures higher than 150°. 
Hence, it is doubtful whether all the velocity coefficients of Harkness, Kistiakowsky, and 
Mears relate to reaction (XV). The A factors (in 1. g.-mol. sec.“') and the activation 


* For configuration and constitution of this compound, see Alder and Stein, Annalen, 1932, 496, 232; 
1933, 504, 238; Angew. Chem., 1934, 47, 837. 











364 Benford and Wassermann : 


energies (E) as deduced from the three sets of kinetic measurements are given in 
Table IV. 


TABLE III. 
Initial Initial 
press. Condi- press. C, Condi- 
No. Temp. (mm.). - —log,,%. tions.* No. Temp. (mm.). . —log,) %. tions.* 
(i 0-774+003 P 12 439° 894-9 1-62+0-02 | ET 
150° 


735 0-75 +0-03 E 13 479°5 1-6140-02 J Pt 

400-5 0-80 +.0-03 14 719-1 1-68+0-01 

221-5 0-774003 P 15 110 325-2 1-68 +0-01 

145 312-8 0-85 +.0-05 16 200-2 1-64+0-03 | E 
142 322-7 0-89 +.0-05 17 167-8 1-68 +0-04 
732-0 1-:07+0-01 E 18 720°5 1-92 +0-02 

134-5 { 392-5 1-07+0-01 19 95 716-5 1-92+0-:02 P 

335-8 1-09 +.0-03 20 603-5 1-9640-:04 E 

132-7 239-3 1-16+0-08 21 300-0 2-00 +0-08 } P 
239-5 15 41:114003 P 22 79 318-7 2-41+0-08 

23 165-0 2-414006 E 


* P = packed vessel; E = empty vessel. ¢ 15-1 mm. air. ¢ 57-5 mm, air. 


TABLE IV. 


E (kg.-cals.). Measurements by 
16-7 + 0-6 Authors * 
16-9 + 0-5 Schultze 
14-9 H., K., and M. 
* These data were published (Nature, 1937, 189, 669) six months before those of Harkness, Kistia- 
kowsky, and Mears. 


MOC DISA OOK 


_— 


Discussion.—Under the conditions of the kinetic measurements the stoicheiometric 
equations of the reactions (X)—(XIV) have not been determined, but in view of the facts 
mentioned on p. 363 it is justifiable to assume that the rate-determining steps are associa- 
tions of the type given in equation (2), where the reacting molecules and the products are 
those given in Tables I and II respectively. The velocity coefficients of these associations 
can be estimated if the observed second-order velocity coefficients are extrapolated to zero 
time. This procedure is necessary because in each run the velocity coefficients are not 
constant and the observed increase or decrease is probably due to consecutive and reverse 
processes. The assumption that the associations are of the second order is justified because 
at various initial pressures the same values for the extrapolated velocity coefficients are 
obtained. Furthermore, as measurements at various temperatures have been carried out 
(see range in Table I), the two parameters of equation (1) can be deduced, and it was 
found that all the kinetic A factors are of the order 10®—10? 1. g.-mol.- sec.1. The 
A value of reaction (XV) is of the same order of magnitude (see cols. 1 and 2 of Table IV), 
and as the collision frequencies are all about 10" 1. g.-mol.“! sec.-1, it follows from equation 
(1) that the steric factors are of the order of magnitude 10°—10~ both for reactions 
(X)—(XIV) and for (XV). 

All these associations are diene syntheses, and the products given in Table II and 
endodicyclopentadiene can only be formed if two carbon atoms of a double bond add in 
the 1 : 4-position to a system of two conjugated double bonds. Hence, during a successful 
collision two polyatomic molecules have to come into contact not at one but at two 
different and specified positions (cf. Part I, J., 1935, 828; also Guggenheim, Trans. Faraday 
Soc., 1938, 34, 144), and the collision must necessarily be unsuccessful if the contact does 
not occur at the right spots or if one spot only comes into contact. If, on the other hand, 
bimolecular reactions involving atoms or simple molecules are considered, practically 
every collision between particles with sufficient energy of the right kind will lead to re- 
action, and it is, theréfore, understandable why, in contrast to the case of diene syntheses, 
the steric factor is not much smaller than unity. 


EXPERIMENTAL. 


A pparatus.—This is shown diagrammatically in Fig. 2. The thermostat Th was a well- 
insulated 100-gallon iron tank containing mineral oil which was electrically heated and well 
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stirred. The temperature, measured with standard thermometers both in the thermostat and 
in the reaction vessel, could be kept constant to within + 0-1°. The two reaction vessels V 
and V’ were 6-litre Pyrex flasks, and the taps T,, T;, T;, T, and T, had their keys extended 
so that they could be operated from outside the thermostat; V was empty and V’ contained 
100 m. of Pyrex tubing drawn out finely in sections and sealed at the ends. The reaction 
vessels were connected with the rest of the apparatus through spiral springs, S,, S,, S;, and 
S,. It was found that the rate of reaction (XV) is not influenced by gaseous or liquid mercury, 
and so the pressure measurements were carried out with the mercury manometers M and M’. 
As the level of the mercury inside the thermostat could not be observed, it was made to lie 
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in the reservoirs R and R’, which had a diameter of about 10 cm., so that a large movement 
of the mercury level in the manometer caused little change in level in the reservoirs and only 
a small correction was required. JT, and T, were three-way taps, and B,, B,, B;, and By, were 
100-c.c. bulbs. It was arranged that the part of the apparatus outside the thermostat, from 
f to g and to A could be maintained at thermostat temperature by winding it closely with metal 
tubing, the whole being covered thickly with asbestos. Oil from the thermostat was pumped 
by a rotary pump through the tubing, which was arranged in four sections in parallel. Oil 
could also be pumped through a well-insulated helical jacket made to fit over the bulb B,, 
from which it could be removed when required. : 

Freshly distilled cyclopentadiene was introduced into B,, and while it was cooled the whole 
apparatus was evacuated. In order to remove dissolved air or peroxides, about half of the 
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cyclopentadiene was slowly distilled from B, to B,, and while B, was cooled the apparatus 
was evacuated again and then the cyclopentadiene was distilled into the reaction vessels. 
The Stoicheiometric Reaction Equation.—Both vessels were filled with cyclopentadiene, the 
initial pressure being 735 mm. and the temperature 150°. After 290 mins., when the observed 
pressure was 531 mm., the contents of the vessels were pumped out and condensed into B,. 
The product was redistilled, and 9-9 g. (80% of the theoretical amount) of a fraction, b. p. 
70-0°/23 mm., m. p. 29—30°, were obtained. A mixture of this with pure endodicyclopentadiene, 
prepared at room temperature in the liquid phase, had the same m. p. The two samples had 
also the same Raman spectrum, as can be seen from the following wave numbers (cm."). The 
side headings “ gas” and “ liquid ” refer respectively to products which were obtained in the 
gas phase, at 150°, and in the liquid phase, at room temperature. 
202 319 379 464 — 617 674 — 778 818 912 947 1029 1101 1126 
205 313 376 465 483 618 675 720 779 817 908 947 1027 1098 1125 


1227 — 1293 1358 1440 1572 1617 2842 2897 2930 2969 3056 
1226 1246 1293 1359 1439 1572 1614 2839 2890 2931 2970 3058 


The figures in ll. 2 and 4 are mean values of measurements carried out by Kohlrausch and 
Seka (Ber., 1936, 69, 741), Truchet and Chapron (Compt. rend., 1934, 198, 1934), and Leckie 
(unpublished), and those in ll. 1 and 3 were determined by Leckie, using the same technique as 
in previous investigations (cf. J., 1935, 1751). 

It was mentioned on p. 363 that below 100° the stoicheiometric equation of the polymerisation 
of liquid cyclopentadiene is also given by (XV). This follows from measurements by Stobbe 
and Reuss (Amnalen, 1912, 391, 151), Barrett and Burrage (J. Physical Chem., 1933, 37, 1029), 
and Kohlrausch and Seka (loc. cit.), who found that the refractive index, the vapour pressure, 
and the Raman spectrum of pure endodicyclopentadiene and of the product of the polymerisa- 
tion of liquid cyclopentadiene were in agreement. If on the other hand, pure liquid cyclo- 
pentadiene is kept at temperatures above 100°, a number of simultaneous consecutive and reverse 
reactions occur (cf. references on p. 363), and it is therefore probable that the polymerisation 
of gaseous cyclopentadiene also becomes rather complicated if the temperature is higher than 
150° and the pressure is higher than 735 mm. 

Kinetics.—In order to show that mercury does not influence the rate, the following experi- 
ment was carried out at 150°. The taps T, and T, were closed, the mercury vapour was pumped 
from the reaction vessels, and both vessels were filled simultaneously with cyclopentadiene at 
735 mm. pressure. In order to determine this pressure, T, was opened after T, and T, had been 
closed, but 7; remained closed and the initial pressure in V’ was taken as the same as that 
observed in V. After 76 mins. a pressure of 633 mm. was observed in V, where the cyclo- 
pentadiene had been in contact with mercury. Immediately after this reading, T, was opened, 
and it was found that the pressure in V’ was almost the same, although here the cyclopentadiene 
had not been in contact with mercury. 

The solubility of cyclopentadiene or dicyclopentadiene in the tap grease does not influence 
the kinetics. This is proved by the following experiments: (a) Taps T,, T,, and T, were greased 
with sample (1) of a tap grease and taps T, and T, were greased with a different sample (2). 
Both reaction vessels were filled with cyclopentadiene, and the pressure decrease was measured 
at both manometers: the rates agreed within the limits of the experimental error. (b) Tap 
T, was taken away, and the spiral spring S, was directly connected with V’. Again, both 
vessels were filled with cyclopentadiene, and the rate of the reaction determined. No difference 
could be observed, although in V the gas was in contact with three taps and in V’ with only 


one tap. 
The second-order velocity coefficients of Tables III and V have been calculated from 


kh = 125T(P, — P)[tPol2P,—P,) . - ite ll 


where T is the absolute temperature, P, is the initial pressure in mm., and P, that observed at 
time ¢, The velocity coefficients decrease with increasing time in experiments Nos. 1—6, 10, 
11, and 17. It is believed that this is due to the reverse reaction and it is therefore under- 
standable why at 133° and at 110° the decrease was observed only in those runs in which the 
initial pressure was relatively small. The usual equation for reversible second-order reactions 
cannot be applied because sufficiently accurate values for the rate constants of the decomposition 
of dicyclopentadiene are not available. For this reason the velocity coefficients Nos. 1—6, 
10, 11, and 17 in Table III were obtained by extrapolating the observed velocity coefficients 
to zero time. An increase of the velocity coefficients, which is not due to the condensation of 
the product (cf. below), was only observed in run 12, but here air was present and the increase 
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is probably due to a consecutive reaction between dicyclopentadiene and oxygen (cf. Engler 
and Frankenstein, Ber., 1901, 34, 2938); therefore, the velocity coefficient No. 12 in Table 
III was also obtained by extrapolation to zero time. The rate constants Nos. 7—9, 13—16, : 
and 18—23 in Table III are mean values of the observed velocity coefficients. The data for F 
experiments Nos. 2, 4, 7,and 12 are given in Table V. The time ¢ and the pressure P are given : 
in minutes and mm. respectively, and the velocity coefficients, k, in 1. g.-mol.-! min.-. 









TABLE V. 





No. 
t 0 10 30 60 76 140 200 285 
2 P 735 716 685 647 633 584 553 527 
k — 0-19 0-18 0-18 0-18 0-18 0-17 0-16 
t 0 34 63 94 234 321 405 e 
4 P 221-5 216-5 213-0 209-2 196-9 190-8 185-5 
k — 0-17 0-16 0-16 0-15 0-14 0-14 : 
t 0 20 40 80 160 320 : 
7 P 732 715 699 672 628 570 
k — 0-084 0-086 0-085 0-086 0-086 ; 
t 0 30 70 139 196 270 350 550 
12 P 694-9 687-9 679-0 664-0 651-9 637-0 622-9 587-9 ; 
k — 0-024 0:024 - 0-024 0-025 0-026 0-026 0-027 ' 





Some of the small conversion ratios at the lower temperatures (cf. Table III) are due to the 
condensation of endodicyclopentadiene, which produces a marked change of the kinetics. In 
order to obtain reproducible initial rates at 79°, the cyclopentadiene had to be carefully fraction- 
ated to remove the last traces of dicyclopentadiene. i 

The conclusion that reaction (XV) is of the second order is based on the fact that in a 
number of runs the velocity coefficients remain constant, and that in all cases constant initial 
velocity coefficients at various initial concentrations are obtained. A comparison of the runs 
in vessels of large and small surface/volume ratios (see Table III) shows that the reaction is 
homogeneous. Runs 18 and 19 were done in vessels which had not been used previously, and 
runs 20 and 21 in vessels in which 20 experiments had previously been carried out. It is not 
believed that the bulb-to-bulb distillation removed peroxides and oxygen completely, although i 
the distillation was carried out very slowly and the apparatus was evacuated to at least 10-* mm. ‘ 
The statement that peroxides play no part in the reaction is based on the results obtained 
in runs 12 and 13, in which the rate was not measurably changed although the oxygen con- 
centration was at least 11,000 and 57,000 times larger respectively than in the other experiments. 


Str WiLt~t1raAmM RAMSAY AND RALPH FORSTER LABORATORIES, 
UnIvERSITY COLLEGE, LONDON. [Received, October 19th, 1938.] 
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Chemical Equilibrium in Solution and in the Gaseous State. 


By G. A. BENFoRD and ALBERT WASSERMANN. 







The constants of two association equilibria, C,H, + H, — = C,H, and 2C,H, 
== C,,H,,(dicyclopentadiene *) are compared in the gas phase and in solution by using 
van ’t Hoff’s equation involving the solubilities of the reactants and of the products. 
It is shown that the heat changes of both gaseous associations are not much altered 
by the presence of the solvent, and also that the statistical weight of ethane is of the 
same order of magnitude in both states. The statistical weight of dicyclopentadiene 
is somewhat larger in solution than in the gas phase. 













Tue constant, K,, of a chemical equilibrium a + b = c in solution is connected with 
K,, the constant of the same equilibrium in the gas phase, by 


Ky =e Bad IS pc et ot ois (1) 
(see van ’t Hoff, ‘‘ Lectures on Theoretical and Physical Chemistry,” 1898, Vol. I, p. 221; 


* Dicyclopentadiene exists in two geometrical isomeric forms. The experiments described in this 
and in the following papers deal with the endo-form only (for formula, see following paper, p. 372). 
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Dimroth, Annalen, 1910, 377, 134), where S,, Sp, and S, are the solubilities of the reactants 
and of the product. The equilibrium constants and the solubilities are defined by 


= (Vol. concn. of c)/(Vol. concn. ofa)(Vol.concn.ofb) . . . (2) 
= (Vol. concn.insoltn.)/(Vol.concn.ingas) . . . . . . (8) 


and both expressions can be represented by products of exponential and non-exponential 


factors, thus : 
K, = B,e~ 80 8t ic SN a ie eres eee Sites 


Rae: oe AS wh et 
Sage My CELL Se 


In these expressions H, and H, are the total heat changes of the chemical equilibrium in 
the gas phase and in so olution, re respectively, and A is the total heat of solution. The total 
heat change of the gaseous equilibrium is given by 


H,=RT*dinK,/4T—RT ... . . (7) 


and for sufficiently dilute solutions we have (cf. Guggenheim, Trans. Faraday Soc., 1937, 
33, 613; Bell, ibid., p. 436) 


H,=RT%dinK,/4T—RT ...... . (8) 
A= RTdInS/f€T+RT2—RT .... . (9) 


where « denotes the coefficient of thermal expansion of the solvent. 

The non-exponential factors B, and B, in (4) and (5) are a measure of the statistical 
weight of the product of the chemical reaction, and the non-exponential factor C in (6) is 
a measure of the statistical weight of the molecules in the condensed state. For the sake of 
brevity the factor C is hereinafter called the “‘ weight factor.” 

If the chemical equilibrium constants and solubilities in (1) are expressed by (5), (4), 
and (6), then the following relationships between the exponential and the non-exponential 
factors are obtained : 

H,—Hg=%>—m— mm ell ele OC) 
BJB,mCJCxQy, 2. 2. 2 ws we we @ 


where the subscripts s and g refer to the solution and to the gas phase respectively, and the 
subscripts a, b, and c refer to the reactants and to the reaction product. It will be seen that 
the heat changes and the B factors of the chemical equilibrium in solution can be compared 
with the corresponding quantities in the gas phase if the heats of solution and the weight 
factors are known. 

Results and Discussion.—Equations (10) and (11) have been used to compare the two 
parameters of the constants of the two association equilibria shown on p. 367. Horiuti 
(Sct. Papers Inst. Phys. Chem. Res. Tokyo, 1931, 17, 222) has carried out accurate solubility 
determinations of ethylene, hydrogen, and ethane in the five solvents shown in cols. 2—6 
in Table I, and we have determined the solubilities of gaseous cyclopentadiene and dicyclo- 
pentadiene in paraffin. The logarithms of the solubilities are, in the temperature range 
given in col. 8 of Table I, linear functions of the reciprocal absolute temperature, and as the 
coefficients of the thermal expansion of the solvents are also known, the heats of solution 
4, and the weight factors, C, can be obtained by using the equations (9) and (6). In this 
and in the following papers we have conventionally chosen the sign of all the heat and 
energy changes to be positive if heat is absorbed. All the a values and the figures in the 
penultimate line of the table are given in kg.-cals. per g.-mol. 

The figures in the penultimate line have been obtained by introducing the heats of 
solution into equation (10). The formation of ethane is more exothermic in solution than 
in the gas phase because the dissolution of both ethylene and ethane is exothermic and the 
heats of solution are similar, whereas the dissolution of hydrogen is an endothermic pro- 
cess. The formation of dicyclopentadiene, on the other hand, is more exothermic in the 
gas phase because the process of solution of two cyclopentadiene molecules is more exo- 
thermic than that of one dicyclopentadiene molecule. The observed differences between 
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H, and H, do not exceed 1-6 kg.-cals., and this is, at the most, 10% of the values of H,, 
which is about — 32-5 kg.-cals. for the reaction between ethylene and hydrogen (cf. re- 
ferences given by Teller and Topley, J., 1935, 876), and about — 19 kg.-cals. for the asso- 
ciation of cyclopentadiene. 


TABLE I. 
Approx. 
CCl,. C,H. PhCl. COMe,. CH,;°CO,Me. Paraffin. temp. range. 
ih Widdsalecssiepiauiil +1-22 +1-50 +1-22 +1-22 +1-22 — —60 to 50° * 
seein Gly. ~: seties 0-19 0-04 0-32 0-11 0-14 oe 
ie se OD —2-10 —1-96 —2-21 —1-89 — 1-98 — 5—45 t 
—logssCom, | «+++ 0-96 0-89 1-16 0-82 0-85 — 
mba! LARS —2-48 —2-01 — 2-32 —1-97 —1-98 — 5—45 
—logisCopm, «+++ 1-09 0-89 1-15 0-92 0-92 — 
ibuidabe tices — — — — — —7540-2  27—73 
—logieCog, «+++: — — — — — 3-140-1 
2 gear o ~ — — — 135403 5. an 
—log soCorttis eeeeee — — Ny — — 4-9 +0-2 
ws Bye —1-60 —1-55 — 1-33 —1-30 —1-22 +1-540-7 — 
log 19Bs—log 19Bg 0-08 0-08 0-32 0-00 0-08 1-340-4 — 


* In carbon tetrachloride and benzene, 0—59° and 7—63° respectively. 
t+ In chlorobenzene, 0—90°. 


The figures in the last line of Table I have been obtained by introducing the weight 
factors, C, into equation (11). The non-exponential factor of the equilibrium between 
ethane and ethylene and hydrogen is not much changed by the presence of solvents, 
whereas that of the equilibrium between cyclopentadiene and its dimeride is at least 8 
times larger in paraffin than in the gas phase, and the most probable value for Byarsein: By 
is about 20. The weight factors of hydrogen, ethylene, and ethane are considerably 
larger than those of cyclopentadiene and dicyclopentadiene, which are 8 x 10“ and 1 x 10% 
respectively. It is probable also that in the case of other associations the non-exponential 
factor of the constant of the chemical equilibrium will be of the same order of magnitude 
in the two states, if the weight factors of the reactants and of the product are not much 
smaller than unity. If, however, they are much smaller than unity then, in some cases, a 
considerable solvent influence might be operative. The order of magnitude of this solvent 
effect cannot be estimated by assuming that the weight factor of the reactants and that of 
the product are equal. If this assumption had been made in the case of the association of 
cyclopentadiene, then the estimated value of Byarattin : B, would be about 10° times larger 
than the experimental figure. 

Conclusion.—The.constants of two association equilibria involving (a) hydrogen and 
simple hydrocarbons and (b) polyatomic molecules have been compared in the gas phase 
and in solution by using a relationship between solubilities and equilibrium constants 
in two states. The reactants and the product of equilibrium (a) are characterised by 
numerically smaller heats of solution and larger weight factors than the molecules of associ- 
ation (b). The heat change of both gaseous associations is not much altered by the pre- 
sence of solvents, and also the non-exponential factor of equilibrium (a) is of the same 
order of magnitude in both states. The non-exponential factor of equilibrium (b) is about 
20 times larger in solution than in the gas phase, but if the weight factors, C, of the reac- 
tants and of the products agreed, the non-exponertial factor of equilibrium (5) would be 
about 10° times larger in the condensed state. 


EXPERIMENTAL. 


Three samples of dicyclopentadiene were used, the vapour pressures of which agreed within 
the limits of the experimental error. (1) and (2): A commercial sample (Light, London) was 
redistilled at 20 mm. twice and three times respectively. (3) cycloPentadiene was twice redis- 
tilled in the apparatus mentioned in Part I (loc. cit.), and then kept for 4 months at about 20° 
in a vacuum; the product thus obtained was redistilled at 20 mm. in a stream of nitrogen. 
The following densities were determined at 57°, 66°, 78° and 100° respectively: 0-950, 
0-942, 0-925, 0-888. The b. p.’s, m. p.’s, and refractive indices of the dicyclopentadiene samples 
agreed with the values in the literature. Both dicyclopentadiene and cyclopentadiene were 
dissolved in paraffin shortly after the final distillation. Two samples of paraffin (B.P.) were used 
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and both had dP 0-8820, m2” 1-4818 and a coefficient of thermal expansion of 6-4 x 10+ 
per degree as determined in the temperature range 27—-170°. Neither sample had a measurable 
bromine consumption. The vapour pressure of sample (1) at 62°3°, 73-9°, 83-4°, 95-4°, 102-0° 
and 111° was 0-2, 0-5, 1-0, 2-0, 3-0 and 5-0 mm. respectively. The vapour pressure of sample 
(2) was below 1 mm. at 111°. 

The solubilities were measured in the apparatus represented in Fig. 2 of the preceding paper. 
The cyclopentadiene or the dicyclopentadiene solution was pipetted into bulb B, which was first 
cooled to — 80° while the whole apparatus was thoroughly evacuated. Then B, and the part 
of the apparatus from f to g and to h was brought to the thermostat temperature by covering B, 
with the helical jacket and by pumping oil through the metal tubing. The oil temperature was 
measured with standardised thermometers, (a) in the thermostat and (b) and (c) at the inlet and 
at the outlet of the helical jacket, and it was found that the temperature differences between 

(a) and (6) and between (a) and (c) were never greater 

42 than 0-1° and 0-5° respectively; the temperatures given 

below are the means of the three. 

The equilibrium concentrations in the gas phase were 
deduced from the equilibrium pressures, vapour pressures 
and fugacities being assumed equal. In the experiments 

ws4 involving dicyclopentadiene and sample 1 of the paraffin, 
\ 








3-6 


W the partial vapour pressure of the paraffin was sub- 
ge tracted from the observed total vapour pressure. As 
the correction is only small, the partial vapour pressure 
could be calculated from the vapour pressure of pure 
paraffin on the assumption that Raoult’s law is obeyed. 
Y In all the other experiments the partial vapour pressure 
of paraffin could be neglected. 

During the measurements, tap T, remained closed 
and the vapour pressure was observed at manometer M. 
In order to attain the equilibrium pressures within 
30—60 minutes it was necessary to introduce into bulb 
B, either several pieces of porous porcelain or a small 
piece of iron and to stir by using a magnet. 

In carrying out the experiments involving cyclopenta- 
diene, tap 7, was closed after the attainment of the 
equilibrium pressure, the cyclopentadiene vapour outside 
T, was removed, the contents of B, were cooled to room 
temperature, and then the equilibrium concentration of 
Ps cyclopentadiene in solution was determined by using the 
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method described in Part IV (J., 1936, 1032; cf. also 

Khambata, Thesis, London, 1938, p. 85). In some 

experiments the contents of B, were first cooled to — 80° 

25 27 4j%4 37 and then the equilibrium solution was brought to room 

10 / 7. temperature. The thermal expansion of the equili- 

brium solution between room temperature and the 

temperature of the solubility determination was determined in separate experiments and 
found to agree with the thermal expansion of the solvent. 

The equilibrium concentration of dicyclopentadiene in paraffin was deduced from (g, — g,)/ 
(Vo — &/4); g is the total amount of dicyclopentadiene introduced into bulb B, at the begin- 
ning of the experiments, g, is the amount of dicyclopentadiene in the gas phase after the attain- 
ment of equilibrium, V, is the volume of the dicyclopentadiene solution at zero time, and d is 
the density of liquid dicyclopentadiene at the temperature of the solubility determination. 
&_ can be deduced from the observed equilibrium pressure and the known volume of the appar- 
atus, and d can be calculated from the figures given above. In all the experiments V, was much 
greater than g,/d, and hence correct values for the equilibrium concentration will be obtained, 
even if the difference between the partial molal volume of dicyclopentadiene in paraffin and the 
volume of pure liquid dicyclopentadiene should be rather large. Dicyclopentadiene decomposes 
at elevated temperatures into cyclopentadiene, but under the conditions of the solubility de- 
terminations the rate of the decomposition is too slow to affect the accuracy of the results. 

Typical Experiments.—15 Cm.* of an approximately 3m-solution of cyclopentadiene in para- 
ffin were pipetted into bulb B,, and the equilibrium pressure observed at 545° + 0-2° was 
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124-0 + 0-3 mm. 2-00 Cm.? of the equilibrium solution were added to 0-4457 g. of benzoquin- , 
one and made up with benzene to 25-0 cm.*. After all the cyclopentadiene was used, the 
benzoquinone solution was found to be 0-129 + 0-001m. Hence the equilibrium solution is 
0-450 + 0-012m, and the solubility of gaseous cyclopentadiene in paraffin is 74 + 3. 15-0 Cm.* 
of a 3-00m-solution of dicyclopentadiene in paraffin (sample 1) were pipetted at 20° into bulb 
B,. At 83-7° + 0-2° the total equilibrium pressure was 23-1 + 0-2 mm., the calculated partial 
vapour pressure of the paraffin 0-8 mm., the amount of dicyclopentadiene in the gas phase 
0-17 g., and its density 0-915. The thermal expansion of the 3-00m-solution was determined 
in a separate experiment, and thus it was found that V, was 16°57 cm.*. From these data 
it follows that, at equilibrium, the dicyclopentadiene solution was 2:46 + 0-03m, and hence the 
solubility of gaseous dicyclopentadiene in paraffin is 2-50 + 0-06 x 10%. 
The results of all the solubility measurements are in Table II and in the figure. 


TABLE II. 


Solubilities of Gaseous cycloPentadiene and Dicyclopentadiene in Paraffin. 


Total Equilm. Total Equilm. 
equilm. concn. in equilm. concn, in 
press., soln., press., soln., 
mm. g.-mol./l. logy9S- Temp. mm. g.-mol./l. logy9S. 


sa 
@ 
B 
? 


cycloPentadiene. 
2-23 +0-02 54-5° 0-450 1-87+0-03 
2-10+0-02 63-5 , 1-70+0-07 
2-08+0-04 73-2 0-2 1-57+0-02 
2-14+0-02 


SEER 
Noon 


Dicyclopentadiene. 

1-54 ‘ . 91-5 
2-67 , . 92-2 
2-78 , . 94-3 
2-99 / . 95-0 
2-73 3 . 95-0 
2-58 ° . 95-5 
1-35 . 102-1 
2-46 | . 111-0 
0-371 3-08+0-05 


3-07 +0-04 
3-19+0-04 
3-09 +0-05 
3-08+0-05 
3-22 +0-05 
3-22 +0-05 
3-09 +0-02 
2-89+0-03 


lb $b. O oN 
IASSASSOA 


on 
oo Re em Go 


to 
VEOAOammL 


CH mOSOhm aA 


55-1 
53-8 
54-8 
59-0 
62-3 
73-9 
78-7 
83-7 
92-2 


The integration of equation (9) was carried out by using the above data and the coefficient 


of thermal expansion given on p. 370. 

It is deduced in the following communication that the heat change of the equilibrium between 
cyclopentadiene and dicyclopentadiene is 17-3 + 0-6 kg.-cals. in paraffin solution. By substi- 
tuting this value and the heats of solution of cyclopentadiene and dicyclopentadiene in equation 
(10) the heat change in the gas phase can be calculated. 


THE SrR WritLt1AM RAMSAY AND RALPH ForSTER LABORATORIES, 
University CoL_eGe, Lonpon. [Received, October 19th, 1938.] 





83. The Mechanism of Additions to Double Bonds. Part VIII. 
The Equilibrium of Gaseous Associations. 


By B. S. KHAMBATA and ALBERT WASSERMANN. 


The non-exponential factor of the equilibrium constant of the reaction 2 cyclo- 
pentadiene (gas) —— dicyclopentadiene (gas) has been experimentally determined, 
and the translational and rotational partition functions have been calculated both 
for the reactant and for the product. It has been deduced that, at 80°, the vibrational 
partition function of dicyclopentadiene is at least 500 times larger than the square 
of that of cyclopentadiene. 





372 Khambata and Wassermann : 


- In this communication the following gaseous equilibrium is discussed : 


HC CH H uN 


HC;—,CH — HC \\ CH 
Hcl Ice + HK _| S uxcl CHlCH 
CH, HC CH H, H CH 
cycloPentadiene. cycloPentadiene. Dicyclopentadiene.* 





The molecules are treated as perfect gases, and the equilibrium constant is defined by 
K = Vol. concn. of dicyclopentadiene/(Vol. concn. of cyclopentadiene)? = De4#®? (2) 


AE is the energy change and, if the volume concentrations are expressed in g.-mol./l., 
the non-exponential factor can be represented (cf. Fowler, ‘‘ Statistical Mechanics,” 
Cambridge, 1936) by , 
D = NTr,Ro,Vi,/1000Tr,?Ro,?Vi,? Tee ee 


where N is Avogadro’s number, and Tr, Ro, and Vi are translational, rotational, and 
vibrational partition functions, each referred to an energy zero being that of the lowest 
state for the relevant degree of freedom. The subscripts a and c refer in (3) and in all 
the following equations to cyclopentadiene and dicyclopentadiene respectively. The 
experiments and calculations now to be described enable a comparison to be made between 
the vibrational partition functions of dicyclopentadiene and the square of that of cyclo- 
pentadiene. 

Results and Discussion.—The non-exponential factor, D [see (2)], has been deduced 
from the kinetics of the formation and decomposition of dicyclopentadiene in paraffin 
and from the solubilities of gaseous cyclopentadiene and dicyclopentadiene in paraffin. 
The kinetic measurements were carried out between — 1° and 175°, and the solubilities 
between 27° and 111° (cf. preceding paper). In this temperature range log,, D is equal 
to — 7-1 + 0-7 if the concentrations are expressed in g.-mol./l. 

The translational partition functions (the volume factor being omitted) are given by 


Tr = tr7™ = (QndomekT)*/® lw www wwe Cw 


Here, and in all the following equations, T, k and h are respectively the absolute tempera- 
ture and Boltzmann’s and Planck’s constants and 2m is the mass of the molecule. At 
80° the translational partition functions of cyclopentadiene and dicyclopentadiene are 
6-4 x 10° cm. and 18 x 10 cm.-%, respectively. 

The rotational partition functions can be represented by ft 


Ro = roT* = 8n2°(Sr8J'I"I'”")(kT)"/h8s we. (5) 


Here, s is a symmetry number, which is 2 for cyclopentadiene and 1 for dicyclopentadiene, 
and J’, J, and I’” are the principal moments of inertia, which can be calculated if the 
centre of gravity of the molecules and the co-ordinates x, y, and z of all the atoms, of the 
mass m, are known. The principal moments of inertia can be deduced from the following 
secular equation,{ if x, y, and z refer to an arbitrary system of rectangular co-ordinates 
the origin of which coincides with the centre of gravity. 


Xm(y? + 22) — I Lmxy xumxz 
imxy Lm(2? + x«*) — I Lmyz == 0 
Lmxz Lmyz Lm(x? + y*) — I 


* Compare footnote on p. 367. 

+ The nuclear spin factors have been omitted because they cancel in (3). 

t Cf., e.g., Planck, “‘ Allgemeine Mechanik,”’ 1928, § 142; Frank und von Mises, “ Die Differential 
und Integralgleichungen der Mechanik und Physik,”’ 1930, Chapter II, §4; Birklen, ‘‘ Mathematische 
Formelsammlung,” 1936, p. 16. The method for the determination of the position of the centre of 
gravity is described in ‘‘ Handbuch der Experimental Physik,” 1926, Vol. II, p. 186. 
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(6) is a cubic equation, the roots of which are the principal moments of inertia. Models 
of steel wire, constructed to scale, ‘were used for the determination of the x, y, and z values 
of all the atoms in cyclopentadiene and dicyclo- 
pentadiene. In these models the lengths of the Fic. 1. 
C-C, C=C, and C-H bonds were 15, 13, and 11 cm., ¥ 
and hence the dimensions were so large that the 
various co-ordinates could be directly measured by 
using a ruler.* The model of cyclopentadiene is 
represented in Part I (J., 1935, 833), and that of 
dicyclopentadiene in Fig. 1, in which the position of 
the centre of gravity (g) and the direction of the 
% and y axes are also shown. The principal 
moments of inertia and the rotational partition 
functions, at 80°, are given in Table I. The value 
in parentheses was calculated on the assumption 
that the atoms 1, 2, and 3 of dicyclopentadiene 
had other positions than those shown in the H 
figure. 
The vibrational partition functions can be repre- Model of dicyclopentadiene. The 
‘en 
ne 


sented by a product of » factors positions of the carbon and hydro 
atoms are indicated by C and H. 


Vi = 1,1 ja— etalk?) be ae Mal ber: © adele carbon atom and two hydrogen atoms are 
numbered for further reference. 








where a is the number of normal modes of vibra- 
tion (27 for cyclopentadiene and 60 for dicyclopentadiene) and the v’s are the corresponding 
frequencies. The vibrational partition functions cannot be deduced either theoretically or 


TABLE I. 


Principal moments of inertia, Rotational partition 
in g.cm.* x 10°. functions. 
cycloPentadiene 11; 17; 17 4-7 x 104 
Dicyclopentadiene 30 (42); 43; 51 43 x 104 
empirically because the normal modes of vibration and the specific heats of cyclopentadiene 


and of dicyclopentadiene are unknown but the ratio 
Vibrational partition function of dicyclopentadiene 3 
Square of vibrational partition function of cyclopentadiene ~ , & 


can be calculated. For this, the equilibrium constant (2) is represented by 
ee cis od’ se 


The exponential and the non-exponential factors are given by 
AE’ = AE + 3RT 
G = Ntr,ro,Vi,/1000tr,2ro,2Vi,? w=. Cw wee C10) 


N has the same meaning as in (3) and tr and ro are defined by (4) and (5). Gcan be deduced 
from the experimentally determined non-exponential factor of (2) and tr and ro are obtained 
from the data given on p. 372 and in Table I. It is thus found that, at 80°, the decadic 
logarithm of (8) is 3-4 + 0-7. The vibrational partition function of dicyclopentadiene is, 
therefore, at least 500 times larger than the square of that of cyclopentadiene. 

It can be concluded from consideration of models that cyclopentadiene is a stiffer 
molecule than dicyclopentadiene because the part of the dicyclopentadiene molecule above 
the x axis (cf. Fig. 1) will vibrate relatively to the part below the x axis. The frequencies 
of such vibrations must be very low, and hence it is probable that some frequencies of 
dicyclopentadiene are lower than the lowest frequencies of cyclopentadiene, It is obvious 
that the vibrational partition functions must become large if all or some of the frequencies 
are low and, therefore, the result of the above calculation is qualitatively understandable. 


-® Numerical values of the co-ordinates are given by Khambata, Thesis, London, 1938, pp. 77, 79, 
cc 
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EXPERIMENTAL. 


Kinetics of Formation of Dicyclopentadiene in Paraffin.—cycloPentadiene was redistilled 
in the apparatus described in Part I (loc. cit.) shortly before each experiment, and the paraffin 
was “‘ sample 2”’ (cf. preceding paper, p. 369). For some experiments the paraffin was shaken 
successively with potassium permanganate, sulphuric acid, alkali, and water and then care- 
fully dried, but this treatment had no influence on the two parameters of the velocity coefficients. 
The measurements at — 1° were carried in the thermostat described by Benford and Ingold 
(J., 1938, 933); the other measurements were carried out in an oil thermostat. 

The rate of polymerisation of cyclopentadiene in paraffin was calculated from 


velocity coefficient = #/atia—-*) . . . ... . (1d) 


where a is the initial concentration of cyclopentadiene and a — % is the concentration at time /. 
The experimental determination of a and a — x, up to 110°, was carried out by using the 
same technique as that described in Part IV (J., 1936, 1030), but above 110° a different method 
had to be used. A cyclopentadiene solution of approximately known concentration was 
introduced into several measuring flasks. These were carefully stoppered, simultaneously intro- 
duced into the thermostat, and after about 10 minutes the solutions were made up to the mark 
and the flasks were again carefully stoppered. At zero time the first flask was put into ice-water 
and at known time intervals the other flasks were treated likewise. The contents of the flasks 
were transferred into larger measuring flasks, which were made up to the mark with benzene 
after an excess of a solution of ~-benzoquinone in benzene had been added. After all the 
cyclopentadiene had reacted, the excess of benzoquinone was determined at room temperature 
as already described (ibid.). In order to calculate a and a — x, the volume contraction of the 
solution between the temperature of the kinetic measurement and room temperature had to 
be determined. It was found that the coefficient of thermal expansion agreed with that given 
on p. 370 of the preceding paper. The colorimetric determination of benzoquinone was carried 
out in an approximately 50% mixture of paraffin and benzene, in which its molar extinction 
coefficient agrees with that in benzene solution. In all runs the velocity coefficients as calculated 
from (11) were constant. Further constant velocity coefficients at various initial concentrations 
were obtained. 

Two typical experiments and the mean values of all the other velocity coefficients are given 
in Table II, concentrations being expressed in g.-mol./l. In calculating the velocity coefficients 
at 172°, the reverse reaction (cf. following paper) had to be taken into account, but at all the 


TaBLeE II. 


Rate Measurements in Paraffin : Typical Experiment, and Summary of Results. 
Initial concn, of C,H, (in g.-mol./l.) = 3-076 in (1), 0-0295 in (2). Temp. = 35° in (1), 
136° in (2). 

Conc. of C,H,O,. 


C,H, soln., Before reaction After reaction Concn. of C;H, 100 x Vel. coeff., 
t, mins. cm.?, with C,H,. with C,H,g. at time ¢. 1./g.-mol.-min. 
900 0-300 0-1266 0-0794 1-57 0-035 
1381 0-299 0-1068 0-0718 1-18 0-033 
(1) 2399 0-300 0-1059 0-0810 0-817 0-035 
3840 0-300 0-1009 0-0810 0-663 0-031 
5775 0-500 0-0979 0-0762 0-434 0-034 


0 0-0176 0-00180 0-0295 
48 0-0147 0-00425 0-0195 
(2) 94 0-0118 0-00357 0-0153 
138 0-00882 0-00296 0-0110 

284 0-00589 0-00229 0-00673 


Temp. oa, 35°. 55-5°. 80-2°. 110°. 136°. 172°, 

Initial concn. of C,H, 6-587 3-076  0-0846  0:0260 0-208  0-0250, and 0-0160 
0-0295 

Vel. coeff. 59x10 34x10 1:8x10% 12x10? 85x10? 0:40 18 





other temperatures this could be neglected. In Expt. (1) the cyclopentadiene solution was 
pipetted into a 10-0 cm.* measuring flask containing the excess of benzoquinone. In Expt. 
(2) the volume of the reaction mixture was 50-0 cm.’ at 136° and 46-5 cm.’ at room temperature. 
The reaction mixture was diluted 2—15-fold before the concentration of benzoquinone was 
colorimetrically determined. Owing to the great dilution it was necessary to keep the reaction 
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mixture for about a week at room temperature before the benzoquinone concentration remained 
constant. During this time the solution had to be kept in the dark to prevent a photochemical 
decomposition of the benzoquinone. 

In Fig. 2 the logarithm of the velocity coefficient is plotted against the reciprocal absolute 
temperature; as a straight line is obtained, 
it can be concluded that the Arrhenius Fic. 2. 
equation, velocity coefficient = Ae~#/R7, is 
obeyed. 

The stoicheiometric equation of the poly- 
merisation of cyclopentadiene, both in the gas 
phase and in the pure liquid state, is given 
(cf. Part VI, this vol., p. 366) by a simple 
dimerisation. In both states this is a bimole- 
cular process (cf. also Part IX). The two 
parameters A and E of the bimolecular 
velocity coefficients and those deduced from 
the data in Table II are similar, and therefore 
it can be concluded that the velocity coeffi- we 
cients of Table II relate to the dimerisation 0 
and that the formation of dicyclopentadiene vy 4 b@ 2 “7p 3 SH & 
in paraffin is a bimolecular process. ore 

Kinetics of Decomposition of Dicyclopenta- 
diene in Pavrafin.—It will be shown in the following paper that the reverse reaction 
Ci9H1, —> 2C,;H, is a unimolecular process. The velocity coefficient (in sec.-1) is given by 
1013 + ©2g(—34200 + 400)/RT 

Equilibrium in Paraffin.—The constants of equilibrium (1) in paraffin solution can be cal- 
culated from the figures given in Table II and from the preceding expression. As the coefficient 
of thermal expansion of paraffin is known (cf. preceding paper, p. 370), the total heat, which 
is Hparattin = — 17°3 + 0-6 kg.-cals. per g.-mol., can be deduced. If this value is sub- 
stituted in equation (5) of the preceding paper it is found that logi) Bparattin = — 6-2 + 0:3, 
where B is in 1./g.-mol. 

Equilibrium in the Gas Phase.—If the above value for Bpgragtin and the C factor of the 
solubilities of gaseous cyclopentadiene and dicyclopentadiene are substituted in equation (11) 
of the preceding communication, it is found that log,,.B, = — 7:5 + 0-7, and the D value given 
on p. 372 can be deduced. 


THE Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. [Received, October 19th, 1938.] 
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84. The Mechanism of Cracking. Part I. Kinetics of Inverse Diene 
Synthesis in Solution and in the Pure Liquid State. 





By B. S. KHAMBATA and ALBERT WASSERMANN. 


The kinetics of the decomposition of cyclopentadienebenzoquinone and of cyclo- 
pentadiene-«-naphthaquinone have been measured in benzene solution, and the 
cracking of dicyclopentadiene has been studied in paraffin solution and in the pure 
liquid state. The experiments were carried out at atmospheric pressure between 
49° and 175°. The non-exponential factors of the velocity coefficients are of the order 
of magnitude of interatomic vibration frequencies, and hence it can be concluded that 
the inverse diene syntheses are unimolecular reactions. 


THE experiments now to be described deal with the kinetics of those cracking processes 
which are inverse diene syntheses. The following reactions have been investigated : 


cycloPentadienebenzoquinone —-> cycloPentadiene + Benzoquinone . . (1) 
cycloPentadiene-«-naphthaquinone —-> cycloPentadiene + «-Naphthaquinone (2) 
Dicyclopentadiene * —> 2 cycloPentadiene snot fete 


* Cf. footnote on p. 367. 
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The rate of Nos. (1) and (2) has been measured colorimetrically in benzene solution. The 
products remained in solution and, therefore, for a calculation of the velocity coefficients, 
the reverse associations had to be taken into account. The velocity of reaction (3) has been 
studied in paraffin solution and in the pure liquid state by two different methods. The 
first is characterised by the fact that the cyclopentadiene is so quickly removed from the 
reaction vessel that the back reaction could be neglected. In carrying out the experiments 
based on the second method the greater part of the cyclopentadiene is also removed from 
the liquid phase, but the gaseous cyclopentadiene remains in the hot reaction vessel and so 
the back reaction had to be considered. The velocity coefficients obtained by the two 
different methods agreed within the limits of the experimental error. 

In solution, all the inverse diene syntheses are of the first order. In the decomposition 
of dicyclopentadiene, no induction period occurs, and peroxidic intermediate compounds, 
glass powder, mercury, lead dioxide, molybdenum sulphide, and tin sulphide do not 
influence the rate. These observations indicate that the decomposition is not a chain 
reaction. 

The first-order velocity coefficients obey the Arrhenius equation (cf. p. 362). The 
non-exponential factors, A (in sec.~1), and the activation energies, E (in kg.-cals.), are 
given in Table I. The A factors are of the order of magnitude of interatomic vibrations, 


TABLE I. 


Reaction. Solvent. logy A. E. 
(1) Benzene 126+1 29 +15 
(2) Benzene 110+ 1 26 +15 
(3) Paraffin 13-0 + 0-2 34-2 + 0-4 


and therefore it can be concluded (Polanyi and Wigner, Z. physikal. Chem., 1928, 139, 439) 
that the mechanism is unimolecular. 
The rate of decomposition of pure liquid dicyclopentadiene is given by 


GcoiuBMe—aP. . . site ie bh @® 


where a is the concentration of the pure liquid and m indicates the molecularity ; a does not 
change appreciably and is always very much greater than x. It follows that constant 
velocity coefficients must be obtained for all values of m, and the molecularity cannot be 
deduced in the usual way. For a determination of the value of m, ter-, bi-, and uni-mole- 
cular velocity coefficients, kj, k,, and k,, have been calculated, by substituting in (4) the 
experimental values of x and assuming that is 3, 2, and 1 respectively. The velocity 
coefficients can be represented by 


id Aer) Wo anrengeyp ahh, @ 


and the numerical values for six temperatures (100—155°) are given in Table VI. If the 
figures in the last three lines are plotted against 1/T, parallel straight lines are obtained 
from which one and the same activation energy, E = 35-3 + 0-6 kg.-cals., can be deduced. 
By substituting this value in (5) the following non-exponential factors are obtained : 
As = 8 x 10" (g.-mol./l.)* sec. and A, = 6 x 10 (g.-mol./l.) sec.. It has been 
found that the non-exponential factor of the velocity coefficient of ter- and bi-molecular 
reactions is much smaller than 10" when the reactants are polyatomic molecules.* The 
above values of A, and A,, however, are not smaller than 10", and therefore the decompo- 
sition of pure liquid dicyclopentadiene is not a ter- or a bi-molecular process. If the ex- 
perimental activation energy is substituted in (5) with » = 1, it is found that A, = 4 x 10%% 
sec.-!, This is of the same order of magnitude as the value in the last line of Table I, and 
so it can be concluded that the decomposition is a unimolecular reaction, not only in paraffin 
solution, but also in the pure liquid state. 


* The experimental evidence for this has only been published for bimolecular reactions (cf. references 
in Trans. Faraday Soc., 1938, 34, 128). The non-exponential factor of the velocity coefficient of (ter- 
molecular) reactions involving three polyatomic reactants will be discussed in a following paper. A 
preliminary discussion is given by Kkambata, Thesis, London, 1938, p. 59. 
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EXPERIMENTAL. 


Materials.—cycloPentadiene-benzoquinone (I) and -«-naphthaquinone (II) were prepared 
according to Albrecht (cf. references in Part I; J., 1935, 828), and purified by crystallisation 
from hexane; (I) had the correct m. p., 77°, but contained a small quantity of benzoquinone 
which could be estimated by colorimetric measurements; (II) melted at 114°. Dicyclopenta- 
diene was a sample from Messrs. Light (London) and was redistilled shortly before each experi- 
ment in a stream of nitrogen; b. p. 70-0°/22 mm., m. p. 30—31°. The paraffin was the same 
sample as that used for the experiments described in the preceding paper. Benzene and the 
substances mentioned in Table VII were the purest commercial samples. The glass powder 
was made from the same material as that used for the reaction vessel. 

Colorimetric Measurements.—These were carried out with the Zeiss Stuphenphotometer and 
filter S,,, The molar extinction coefficient of (I) in benzene is 0-0578 1./g.-mol.-cm. (cf. J., 
1935, loc. cit.); (II) is colourless, and the molar extinction coefficients of benzoquinone and 
a-naphthaquinone in benzene are 17-0 and 9-96 1./g.-mol.-cm. respectively. These figures show 
that the decomposition of (I) and (II) is accompanied by a change of colour, and so the velocity 
coefficients of the inverse diene syntheses (1) and (2) can be determined by carrying out colori- 
metric measurements at known time intervals. The colour was measured in a cell of the form 
already described (Fig. 2; Nature, 1934, 134, 101); its thickness was 10-9 cm., and its temper- 
ature could be kept constant to within + 0-1°. Below 80°, water thermostats, and above this 
temperature oil thermostats, were used. The colour measurements mentioned on p. 378 were 
carried out by using a cell 1-00 cm. thick. 

Reaction (1).—The velocity coefficients were calculated from 


k=([de/dt+h'(b+a)X/ila—z) . . . . we (8) 


where a and 6 are the initial molar concentrations of (I) and benzoquinone respectively, b + x 
is the concentration of benzoquinone at time #, and &’ is the velocity coefficient of the reverse 
reaction (cf. Part IV; J., 1936, 1028). Details of a typical experiment are : 


Temp., 74-:0°; a = 0115; 6 = 0-000299; k’ = 8-7 1. g.-mol. min. 


20 40 80 120 200 360 
Extinction coefficient, cm.-* 0-036 0-044 0-051 0-060 0-078 
1-3 1-4 2-0 2-1 4-8 


The increase of the velocity coefficient is due to a consecutive reaction between (I) and 
cyclopentadiene leading to dicyclopentadienebenzoquinone (Part IV, loc. cit.). Hence the 
correct velocity coefficients are obtained by extrapolating the observed values to zero time. 
The statement that reaction (1) is of the first order is based on the fact that the extrapolated 
velocity coefficients, kp, do not depend on the initial concentrations. This is shown by the 
following figures obtained from experiments at 74-0°. 


a (g.-mol./1.) ; O1 15 0-0187 


The mean values of the extrapolated velocity coefficients as obtained at the various temperatures 
are given in Table II. 
TaBLeE II. 
Decomposition of cycloPentadienebenzoquinone in Benzene. 


Temp. 786° 740° 695° 639° 594° 54-6° 
ky X 10* (min) 1-3 0-82 0-48 0-24 0-13 


Reaction (2).—The velocity coefficients were calculated from 


_ 230 = V1 + 4Ka) — 20 (2) 
n/t + one oe VS ake) — ee 


a is the initial concentration of (II) and % is the concentration of «-naphthaquinone at time ¢; 
K, the equilibrium constant of reaction (2), is defined by 


k 





K = (a — X)/X# SS ete for gre ae 
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where a — X, is the equilibrium concentration of (II). The results of the equilibrium measure- 
ments are given below, concentrations being in g.-mol./l., and ¢ being the extinction coefficient 
(in cm.-) at infinite time. 









Temp. a. €. X,X10*. logy, K. Temp. a. €. X,X10*. logy, K. 
789° 0-318  0-0680 6-82 3-83 69-0° 0-189  0-0369 3-71 4-10 
78-7 0-149 90-0460 4-62 3-83 59-0 0-203 0-0278 2-79 4-41 
79-0 0-116 0-0398 4-00 3- 48-6 0-246 0-0203 2-00 4-79 
78-5 0-0536 0-0280 2-81 3-81 





The results of the rate measurements are given in Table III. In section (A) are the data for 
a typical experiment at 78-5°; a was 0-0536 g.-mol./l. In section (B) are velocity coefficients 
deduced from experiments at 78-5° and with various initial concentrations. In section (C) are 
the velocity coefficients at lower temperatures. In all these sections, & is in terms of min.-. 


















TABLE III. 






Decomposition of cycloPentadiene-a-naphthaquinone in Benzene. 
Time (min.) 40 60 120 180 B{¢ 0-318 0-149 0-116 0-0536 
A ¢¢ (cm.-?) 0-00840 0-0120 0-0200 0-0244 kx10* 4-1 4-2 4-2 4-0 
kx 10* 4-1 4-0 3-9 3-7 c Fer 69-0° 59-0° 48-6° 
kx 104 1-7 0-48 0-12 









At the end of all the measurements involving (I) and (II) the solvent was evaporated, and 
the residue recrystallised from hexane; 13 g. of (I) were obtained from 14 g. of the residue of 
reaction (1), and 9 g. of (II) from 11 g. of that of reaction (2). These figures show that under the 
conditions of the kinetic measurements no isomerisation of the reactants occurs. 

Reaction (3).—First method. The measurements were carried out in the apparatus shown 
in Fig. 1. The reaction vessel (1), of about 200 cm.* capacity, contained either a solution of 
dicyclopentadiene (III) in paraffin or pure liquid 
(III), and was introduced into the thermostat 
up to the mark 4. The wash flasks (2) and 
(3) contained liquid (III), and wash flask (5), 
which was kept at about 10°, contained glass 
beads and a known amount of benzoquinone in 
benzene. The cyclopentadiene formed during 
the decomposition of (III) had to be removed 
from the reaction vessel as quickly as possible, 
and therefore a stream of nitrogen was 
through the apparatus in the direction of the 
arrow, and the contents of (1) were stirred at a 
speed of 100—140 r.p.m. The cyclopentadiene 
was absorbed in the wash flask (5), where it 
reacted with the benzoquinone to form nearly 
colourless cyclopentadienebenzoquinone. If the 
colour of the benzoquinone solution after the 
reaction with the cyclopentadiene is determined, 
the amount of (III) which is decomposed and, 
therefore, also the velocity coefficient of reaction 
(3), can bededuced. Control experiments showed 
that : (a) the amount of (II1) which decomposed before the beginning of the measurement, 
during the attainment of the temperature equilibrium, is negligibly small; (b) the amount 
of cyclopentadiene which remained dissolved in the reaction mixture at the end of the measure- 
ment is also negligibly small; (c) one wash flask containing the benzoquinone solution was 
sufficient to absorb all the cyclopentadiene ; (d) the colour of the benzoquinone solution remained 
unchanged if the reaction vessel contained pure paraffin at 155° and a stream of nitrogen was 
passed through the apparatus, which was stirred as mentioned above. 

Measurements in paraffin solution. Two typical experiments and the mean values of the 
velocity coefficients at the various temperatures are in Table IV (concentrations in g.-mol./1.). 
The velocity coefficients were calculated from 

































































(9) 





h = (2 30/t)logy9a/(a — +) 
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where a and a — * are the concentrations of (III) at zero time and time # respectively. In all 
the experiments, 25-0 cm.* of the paraffin solution were used. 


TABLE IV. 


ro Concn. of C,H,O,. 

Initial C,H,0O, sol. A— — 

concn. of in flask (5), Before reaction After reaction 
10F439- cm.%, with C,H,. with C,H,. x. k (min.~1). 
0-517 15-0 0-467 0-300 0-052 22x10° 
0-513 25-0 0-396 0-218 0-089 8 2-2x10° 
0-518 15-0 0-467 0-173 0-097 21x10° 
0-538 30-0 0-474 0-219 0-154 1-8 x 10-° 
1-000 35-0 0-467 0-200 0-190 2-1x10° 
{ 1-328 10-0 0-100 0-0644 00071 46x10-5 

120 





1-229 10-0 0-100 0-0311 0-0138 49x10°° 
1-229 10-0 0-100 0-0013 00197 49x10-5 


Pp 120° 135° 145° 155° 165° 175° 
Initial concn. of CyH,, 1-23, 1:33 1:328—1-97 1-04 0-251—1-000 0-502 0-502 
4-8x10-° 2-6 x 10-* 72x10* 21x10* 40x10* 80x10? 


Measurements in the pure liquid state. Data for a typical experiment at 125° are given in 
Table V. The concentration of pure liquid (III) was calculated from the densities (see this vol., 
p. 369). In all the experiments flask (5) contained 10-0 cm.’ of the benzoquinone solution. 


TABLE V. 
Concn. of C,H,O,. 
C,,H,, in reaction Before reaction After reaction k, X 104 (min.—!) 
vessel, cm.?. t, min. with C,H. with C;H,g. {in equation (4), m = 1]. 
17-7 60 0-500 0-377 0-9 
32-3 120 . 0-0536 0-9 
17-6 185 . 0-290 1-1 
17-4 253 : 0-153 1-0 
A number of experiments were carried out in which the stirring speed varied from 135 to 
1500 r.p.m. No effect could be observed, and hence it can be concluded that the rate-deter- 
mining step is the decomposition of (III) and not the transition of cyclopentadiene from the 
liquid to the gaseous phase. 
A sample of (III), purified as described above, was kept at room temperature for 3 weeks in 
a desiccator, the tap of which was open. When 0-01 g. of this sample was shaken with an excess 
of an aqueous solution of ferrous sulphate and ammonium thiocyanate a deep red colour was 
immediately produced. Hence it can be concluded (cf. Kharasch, J. Amer. Chem. Soc., 1933, 
55, 2468) that during exposure to air a certain amount of dicyclopentadiene peroxide is formed 
(cf. also Engler and Frankenstein, Ber., 1901, 34, 2938); 9-7 g. of the dicyclopentadiene which 
had been exposed to air and 14-5 g. of pure dicyclopentadiene were introduced into the reaction 
vessel of Fig. 1, and the velocity of the decomposition of the mixture was determined at 125°. 
The velocity coefficient agreed with the values given in Table V, so peroxidic intermediate 
compounds do not influence the kinetics. 
The concentration of pure liquid (III) and the mean values of the velocity coefficients at the 
various temperatures are in Table VI. All the velocity coefficients were calculated in the 
appropriate units involving g.-mol./l. and min. for the values » = 3, 2, and 1 in equation (4). 





TABLE VI. 


Decomposition of Pure Liquid Dicyclopentadiene at Various Temperatures. 
FOERP.: . oes deccediddvsccccvenweccesercseos 100° 110° 125° 130° 140° 155° 
Concn. of pure liquid C,.H,, 
6-70 6-58 6-53 6-44 6-30 
6-658 5-638 5-456 5-046 4-398 


5-824 4-824 4-638 4-215 3-602 
5-398 5-000 4-000 3-824 3-409 2-796 


Reaction (3).—Second method. The measurements were carried out in the apparatus shown 
in Fig. 2. The reaction vessel (100—300 cm.*) contained in each experiment 25-0 cm.* of a 
solution of (III) in paraffin. It was immersed in the thermostat up to the mark 2, stirred, and 
tap (3) was connected with a suction pump in order to remove the cyclopentadiene formed 
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during the attainment of the temperature equilibrium. At zero time the tap was closed, 
mercury was introduced into (4), and the gaseous cyclopentadiene, which is formed during the 
decomposition of (III), was measured in the burette (5) which was kept at 52° by pumping water 
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O = cycloPentadienebenzoquinone. 

@® = cycloPentadiene-a-naphthaquinone. 
O = Dicyclopentadiene in paraffin. 

@ = Pure liquid dicyclopentadiene. 


from (a) to (b). The data for a typical experiment are given below. The initial concentration 
of (III) was 0°73 g.-mol./l., the temperature 155°, the volume of the reaction vessel 200 cm.*, 
the stirring speed 750 r.p.m., and the pressure 738 mm. 


10 15 20 25 30 40 69 80 170 
C,H,, cm.* 4-3 7-6 10-8 13:2 15-2 170 198 234 254 27-0 
x X 107 (g.-mol./l.)  ... 0-61 1-08 1-54 188 216 242 2-78 333 3-61 3-89 
k’ X 10° (min.—) : 1-3 1-2 0-93 O-77 O-71 049 0-38 0-19 0-04 


For the calculation of the velocity coefficients, k’, it was assumed that (1) the reverse re- 
action (association of cyclopentadiene) can be neglected, and (2) the whole of the cyclopentadiene 
formed during the decomposition of (III) evaporates. Consequently, the velocity coefficients 


were calculated from 
hk’ = (dz’/dt)/(a — +’) i eusdorud) fence pce poke 


where a and a — #’ are the concentrations of (III) at zero time and time ¢ respectively, and x’ 
can be deduced from the data in the second line. It will be seen that the k’ values decrease 
rapidly, because, under the conditions of these measurements, the reverse reaction cannot be 
neglected. In order to eliminate the influence of the reverse reaction the observed k’ values were 
extrapolated to zero time. The velocity coefficients obtained in this way are designated by 
k,’ and are given below. 
Pp 155° 165° 175° 
a (g.-mol. , 0-73 0-50 0-14 
k, (min.- 67x10* 22x10* 50x10* 80x 10° 


The values in the last line and the velocity coefficients of Table IV agree within the limits of 
the combined experimental error, and hence it can be concluded that under the conditions of 
these measurements the fraction of the cyclopentadiene which does not evaporate is negligibly 
small. The velocity coefficients of the preceding table relate to the earliest stage of the decom- 
position of dicyclopentadiene, whereas those in Table IV relate to a later stage. Their agree- 
ment proves that no induction period occurs. 

The influence of added substances was investigated at 155°, a 0-70 m-solution of (III) in 
paraffin being used. The volume of the reaction vessel was 300 cm.*, the stirring speed 750— 
1000 r.p.m., and the pressure 735—765 mm. The volumes of cyclopentadiene given in Table 
VII were measured in burette 5,30 minutes after tap 3 had been closed. 
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TaBLe VII. 
Added substance: None. Glass — Mercury. PbO,. CaCO;. MoS,. SnS,. 
4 3 0-6 1-3 0-8 
Cc 2 19 19 21 19 19 19 
In Fig. 3 the decadic logarithm of the velocity coefficients of Tables II, III, IV, and VI (last 
line) were plotted against the reciprocal absolute temperature The four graphs were used 
to calculate the activation energies in Table I and on p. 376. 


Tue Str Wri~1am RAMSAY AND RALPH ForSTER LABORATORIES, 
UnIvErRsiIty COLLEGE, LONDON. [Received, October 19th, 1938.] 





85. The Mechanism of Additions to Double Bonds. Part IX. Kinetics 
of the Association of cycloPentadiene in Carbon Tetrachloride Solution 
and in the Pure Liquid State. 


By G. A. BENFoRD, H. KAUFMANN, B. S. KHAMBATA, and A. WASSERMANN. 


The association of cyclopentadiene in carbon tetrachloride solution is a reaction 
of the second order, the mechanism of which is bimolecular, and the kinetics are not 
influenced by peroxides or acetonitrile. The association of pure liquid cyclopentadiene 
is also bimolecular but the molecularity and the order do not agree at all temperatures. 
This is due to the fact that the “‘ solvent ’’ is cyclopentadiene at zero time but dicyclo- 
pentadiene at the end of the runs. 


THE stoicheiometric equation of the thermal polymerisation of cyclopentadiene in carbon 
tetrachloride solution or in the pute liquid state is given, under certain conditions (cf. 
p. 366), by 


2 cycloPentadiene —-> Dicyclopentadiene* . . . . (1) 
In this communication the kinetics of the association are studied, the results are compared 


with those deduced from previous measurements, and an attempt is made to determine 


the mechanisin. 
The velocity coefficients have been calculated from 


Rep SH B.... ween  we & & 
where a and a — x are the concentrations of cyclopentadiene at zero time and time ¢ 
respectively, which can be determined by vapour-pressure and refractivity measurements 
(Barrett and Burrage, J. Physical Chem., 1933, 37, 1029; Stobbe and Reuss, Annalen, 
1912, 391, 151; Schultze, J. Amer. Chem. Soc., 1934, 56, 1552; Harkness, Kistiakowsky, 
and Mears, J. Chem. Physics, 1937, 5, 682). The analysis can also be carried out by adding 
the reaction mixture to an excess of #-benzoquinone (Part IV; J., 1936, 1028); when the 
bimolecular association 

cycloPentadiene + Benzoquinone —-> cycloPentadienebenzoquinone . . (3) 
is complete, the excess of the benzoquinone is colorimetrically determined. Further, an 
attempt has been made to use an analytical method based on the following reactions 

cycloPentadiene + mBr——» Products . . .. . . (4) 
Dicyclopentadiene + » Br——> Products . . . > 4 pe 


in which the products are mixtures depending on the experimental conditions. If it be 
assumed that 
Mew ok KE a oe 


then it can be deduced that the velocity coefficient is given by 
k=(Vg—Vi)/at(V;i—4Vq) - - . «. «| (7) 
* Cf. footnote on p. 367. 
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where V is the volume of a bromine solution which is used, and the subscripts in (6) and (7) 
refer to zero time or time ¢. It will be shown below that the & values deduced from (2) 
and (7) are not equal. 

Results and Previous Work.—The velocity coefficients in Tables I, III, IV, VII, IX, and 
X relate to the formation of dicyclopentadiene and those of Table II to that of cyclopenta- 
dienebenzoquinone (cf. Part I; J., 1935, 828). Concentrations are given in g.-mols./l. 


and & in the units 1. g.-mol. min.“. 














TABLE I. 
Association of cycloPentadiene in Carbon Tetrachloride at 25°. Influence of Oxygen. 
No.: x 2. 3. 4. 5. 6. 7. 
Concn. of O, in reaction mixture 
BEE me]  cceccccccccccescecccsece 3x10 <2x10° >10-* <10° 
Si ceemsanabincsnmpualnend 1-236 =:1-637. «1-24 1-64 3-69 1051 2-725 
BD HK BOR Sciceddcdeddsececsccsvdencatts 9441-5 6-9+1-:0 7:740-8 901410 8840-8 80+0-7 7-9+0-7 
BE TS on ccscccsieecnccesnns -b + _ — — 
TABLE II. 
Formation of cycloPentadienebenzoquinone in Benzene at 14°. Influence of Oxygen. 
Concn. of O, in Initial concns. 
reaction mixture 4 A . 
No. at t = 0. C,H. C,H,O,. k. 
1 10% 0-29+0-03 
2 <10-* 0-0773 0-00334 0-26 +0-03 
TABLE III. 
Association of cycloPentadiene at 25°. Influence of Acetonitrile. 
CCl,+MeCN (soltn. contained MeCN. 
Solvent. 10% of MeCN by vol.). cr A “ 
BD ccovcicevociscocsssevece 1-615 1-210 2-256 
MIE: sarnnnsensasaes 7-342 5-5+0-8 4-7+0-8 
TABLE IV. 
Association of cycloPentadiene in Carbon Tetrachloride. Influence of Temperature. 
Delbey * ik cid dGal 0° 22° 35° 55° 
BD; nteseonincersdecssimaabaetiees 2-940 3-010 0-9169 1-035 
DET sissebehivdunbianti 0-54 5-3 17 100 


In Nos. 1 and 2 of Table I and in No. 1 of Table II the solvents were saturated with air 
and the oxygen concentrations were deduced from the data given by Horiuti (Sct. Papers 
Inst. Phys. Chem. Res. Tokyo, 1931, 12, 222). In Nos. 3, 4, and 5 of Table I and in No. 2 
of Table II the solvents and the reactants were carefully freed from oxygen and mixed 
without coming in contact with air. Expts. Nos. 6 and 7 of Table I were done without 
special precaution as described in Part IV (loc. cit.). At the end of Expts. 1 and 2 of 
Table I the Kharasch test (J. Amer. Chem. Soc., 1933, 55, 2468) was positive, whereas in 
Nos. 3, 4, and 5 it was negative. 

The bromine consumption of cyclopentadiene and dicyclopentadiene in carbon tetra- 
chloride solution has been determined under various conditions. The results are in Table V. 


TABLE V. 
0 5 10 20 0 5 10 20 


MeCN, % by vol., in soltn. pitt 
No. of Br atoms f cyclopentadiene 1-83—2-07 2-61 2°16 2-21 ~——~— —, 
used by 1 mol. of | dicyclopentadiene t 


2-16—2-66 2-84 2-54 2-72 
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It was of interest to compare the velocity coefficients of Tables I and III with values 
deduced from bromine titrations at 25°. Data for two typical experiments are given in 
Table VI; the velocity coefficients in the last column were calculated by using equation (7). 


TABLE VI. 


MeCN, % by Initial concn. MeCN, % by Initial concn. 
vol.,insoltn. of C,;Hg. t, mins. kx 105. vol.,insoltn. of C,Hg. t, mins. kXx10°. 
4000 32 1325 2370 
0 0-996 10000 10 5 0-0300 2560 1290 
14300 8 6850 370 
20200 1300 


The results of the kinetic measurements in the pure liquid state are in Table VII. The 
initial substance was pure liquid cyclopentadiene in the first three runs and a solution of 
it in dicyclopentadiene in the other experiments. In No. 4 the dicyclopentadiene was care- 
fully purified, and in No. 5 it contained a relatively large amount of peroxide. The 
accuracy of the velocity coefficients was 5—7%,. 


TABLE VII. 


Association of cycloPentadiene in the Pure Liquid State. 


Initial Initial 
concn. of t, concn. of t, 

No. Temp. C;Hg. ° No. Temp. C,H. mins. 
172 
405 
— 2° 12-6 . 11-7 1043 

: 1555 
2620 


1329 
2891 
21600 


1331 
2890 
21600 


1-155 











Hammick and Langrish (J., 1937, 797) made experiments in connexion with the rate 
of association of cyclopentadiene in carbon tetrachloride at 25° and obtained the results 
given in Table VIII. The conversion ratios, C, in the last column, give the percentage of 
cyclopentadiene which had been converted at the end of each experiment; the calculation 
has been carried out by using the figures in cols. 4 and 5 and the mean value of the velocity 
coefficients of Tables I and ITI. 


TABLE VIII. 


Total time 
MeCN, % by Initial concn. of expt., Kharasch 
No. Solvent. vol., in soltn, of C,H,g. mins. k x 10°. test. C, %. 
0 0-0522 1440 Immeasurably — 0-6 
small 


CCl, 0-0522 4200 30 + 2 


0-02976 10140 160 
0-02976 8400 140 “8 
0-03385 10080 90 


MeCN 100 0-00872 11500 Immeasurably 8 
small 


0 
0 0-02976 4080 370 + 
1 
0 


CCl, + MeCN { 5 
2 


The most important results for the kinetics of pure liquid cyclopentadiene obtained 
by the workers mentioned on p. 381 are summarised in TableIX. The velocity coefficients 
in col. 4 were obtained by using equation (2) and those in col. 5 by extrapolating the & values 
tot= 0. 





















Benford, Kaufmann, Khambata, and Wassermann : 


TABLE IX. 
Association of cycloPentadiene in the Pure Liquid State. 
No. Temp. ?, mins. k X 105. ky X 105. Workers. Vel. coeffs. calc. by 
7200 1-9 B. and B. Present authors.* 
1 12° 14400 2-3 
21600 2-6 1-5 
28800 3-3 Tf 
2 20 1440 3-3 3-0 S. and R. Present authors.* 
3030 3-7 
4470 4-0 
5610 4-7 
16 16 H., K., and M. 
22 


* Cf. Khambata and Wassermann, Nature, 1936, 188, 368. 
+ This value corresponds to 90% reaction; the data for still higher conversion ratios have not been 


taken into account because they are not sufficiently accurate. 


DISCUSSION. 


The data in Tables I and III show that the kinetics of the association of cyclopentadiene 
in carbon tetrachloride solution are not measurably changed by the presence of oxygen, 
peroxides, or acetonitrile. In pure acetonitrile the rate is smaller but the difference 
amounts only to about 40%. The experiments of Table II show also that the formation 
of cyclopentadienebenzoquinone is not influenced by oxygen. This is of interest because 
the & values of the Tables I, III, IV, and VII have been determined by using the analytical 
method based on reaction (3). 

Hammick and Langrish (loc. cit.) attempted to measure the kinetics of the association 
of cyclopentadiene by a method based on the bromination of cyclopentadiene and dicyclo- 
pentadiene. They calculated the & values of Table VIII from an equation which-can be 
written in the form of (7), and concluded that the association of cyclopentadiene is catalysed 
by peroxides and that the rate is diminished by the progressive addition of acetonitrile, 
becoming immeasurably small in pure acetonitrile. These conclusions, however, are not 
justified (cf. p. 387). The data of Table V show that the numbers of bromine atoms used 
by one mol. of cyclopentadiene and dicyclopentadiene are not equal, which is probably due 
to the fact that traces of oxygen or peroxides influence the course of the bromination 
reactions (4) and (5) (cf. Schultze, Joc. cit.). Further, it is possible that the bromine consump- 
tion of cyclopentadiene at zero time does not equal that at time #, and it is not surprising, 
therefore, that some of the & values in Tables VI and VIII are much larger than the velocity 
coefficients of Tables I and ITI, although the conversion ratios in Table VIII are only of the 
order of magnitude of the experimental error. Thus the k values which are determined 
by carrying out titrations with bromine cannot relate to the formation of dicyclopentadiene. 

The association of cyclopentadiene in carbon tetrachloride is of the second order at all 
temperatures. In the pure liquid state, on the other hand, the second-order velocity 
coefficients are constant at — 2°, but they increase at 12°, 20°, 35°, and 39-4° (cf. Tables 
VII and IX). Catalysis by oxygen, peroxides, or accidental impurities cannot be re- 
sponsible for the increasing k values; this follows from measurements in the presence of 
air, carbon dioxide, and dicyclopentadiene peroxide (cf. Stobbe and Reuss, Joc. cit., and 
Expts. 4 and 5 of Table VII), and from determinations which have been carried out in 
different countries and by using different analytical methods (cf. experiments Nos. 2 of 
Tables VII and IX). Kistiakowsky et al. (loc. cit.) assume that the increase of the second- 
order velocity coefficients is due to the fact that even below 100° not only the formation 
of dicyclopentadiene but also consecutive reactions have to be taken into account. This, 
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however, is in disagreement with the experiments discussed in Part VI of this series (this 
vol., p. 366), which show that, below 100°, the stoicheiometric equation of the non-catalysed 
thermal reaction is given by (1). 

At the early stage of the reaction in the pure liquid state the “‘ solvent ” is cyclopenta- 
diene and at the end of the runs it is dicyclopentadiene. The temperature dependence of 
the reaction order can be explained if it is assumed that above 12° dicyclopentadiene is a 
“ faster ’’ solvent than cyclopentadiene, whereas at — 2° the difference between the velocity 
coefficients in these two solvents is smaller than the experimental error. Hence the 
velocity coefficients relating to cyclopentadiene solution should be obtained by extrapolat- 
ing the observed k values to zero time, In Fig. 1 the logarithms of the velocity coefficients 
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in carbon tetrachloride solution (cf. Table IV) and of the extrapolated velocity coefficients 
of the associations in the pure liquid state are plotted against the reciprocal absolute tem- 
perature. It will be seen that the Arrhenius equation (cf. this vol., p. 362) is obeyed. The 
non-exponential factors, A (in 1. g.-mol.“ sec.“*), and the activation energies, E (in kg.-cals.), 
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In carbon tetrachloride 
Pure liquid cyclopentadiene 


are given above; they are about 10° 1./g.-mol.-sec. and 16—17 kg.-cals. respectively. The 
A and E values for the association of gaseous cyclopentadiene, which is known to be a bi- 
molecular process, are similar, and hence it can be concluded that the mechanism of the 
association of cyclopentadiene in carbon tetrachloride and in the pure liquid state is also 


bimolecular. 
EXPERIMENTAL. 


cycloPentadiene, dicyclopentadiene, and benzoquinone were purified as described in the pre- 
etm prsceant Arg bromine was purified by the method of Hammick and Langrish (loc. 
cit.), and the benzene, carbon tetrachloride, and acetonitrile were the purest commercial samples. 
For some experiments the carbon tetrachloride was purified by fractional crystallisation and sub- 
sequent distillation in an all-glass apparatus, but this had no influence on the rate measurements 
or on the amount of bromine consumed by cyclopentadiene and dicyclopentadiene solutions. 
The acetonitrile had no measurable bromine consumption. A stream of carefully dried air was 
passed for 4—5 days through the solvents used for experiments 1 and 2 of Table I and experi- 
ment 1 of Table II. The measurements at — 2° were carried out in the thermostat mentioned 
in Part VIII (this vol., p. 374). The reaction ae “hg either sealed glass tubes or ground- 
stoppered flasks, the joints of which were mercury ‘ . 

Experiments 3, “ae 5 of Table I were carried out in the apparatus shown in Fig. 2. The 
vessels ¢ and g containing cyclopentadiene and carbon tetrachloride were evacuated for several 
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hours to at least 10-*? mm., the four taps were closed, the vessels were warmed, cooled, and 
evacuated once more. Then the taps a and c were closed, the cyclopentadiene was slowly dis- 
tilled into the graduated tube f, tap b was closed, and the volume of the cyclopentadiene in f was 
determined at 0°. Tap d, which was connected with the vacuum pump, was now closed, tap c 
opened, and the cyclopentadiene distilled from f into g, which was immediately sealed off at h 
and i, the vacuum in g after sealing being tested with a Tesla coil. The volumes of the cyclo- 
pentadiene, as measured in f, and of the carbon tetrachloride are given in cols. 2 and 3 of the 
following table. During the times given in col. 4, vessel g was kept in a thermostat, then it was 
opened, and the volume given in col. 5 was pipetted on an excess of benzoquinone in a 10-0 
cm.* measuring flask. The subsequent determination of a — x was carried out as described in 
Part IV (loc. cit.). The concentration at zero time, a (in g.-mol./1.), was calculated from the data 
in cols. 2 and 3, from the density of cyclopentadiene (cf. v. Auwers, Ber., 1912, 45, 3078), and from 
the densities of solutions which were prepared by mixing the required volumes of cyclopentadiene 
and carbon tetrachloride. 


Association of cycloPentadiene in Carbon Tetrachloride: Vacuum Experiments. 


Vol. (cm.*). Reaction Concn. of C,H,O,. 
No. of a mixture - A . 
expt. in C,H, CCl, t, pipetted Before reaction After reaction 
Table I. at 0°. at 25°. mins. (cm.?). with C,H. with C,H,g. a—*. 
3 1-10 10-0 8617 0-500 0-0400 0-0061 0-678 
4 1-51 10-0 7115 0-500 0-0600 0-0284 0-632 
5 4-20 10-0 1665 1-00 0-300 0-0610 2-39 





In one experiment the concentration of cyclopentadiene at zero time was also determined by 
mixing the solution with an excess of benzoquinone and by estimating the benzoquinone which 
had not reacted. The results obtained by the two methods agreed, and it follows, therefore, 
that no measurable amount of cyclopentadiene remains in the grease of tap c. 

Experiment No. 1 of Table II was done as described in Part I (loc. cit.); in carrying out 
experiment 2, cyclopentadiene was introduced into vessel e of the apparatus represented in Fig. 2, 
and 85-0 cm.? of a 0-00335m-solution of benzoquinone in benzene were introduced into vessel g. 
Oxygen and peroxide were removed as described above, and the reaction mixture was prepared 
by distilling 0-530 cm.* of cyclopentadiene (0°) from the graduated tube f into vessel g, which 
was sealed off and kept for 97 minutes at 14°; the benzoquinone concentration was then 
0-00046 g.-mol./1. 


TABLE X. 
Typical Experiments in Carbon Tetrachloride and in Acetonitrile Solution. 


Solvents : Nos. 1 and 2 = CCl,; No.3 = MeCN. Temp.: No. 1, 22°; No. 2, 55°; No.3, 25°. Initial 
concns. (g.-mol./l.) : No. 1, 3-010; No. 2, 1-035; No. 3, 2-256. 
(1) ¢, mins. ............ 6985 8580 10145 12740 ~ 17355 28800 
a—x ° 1-28 1-12 1-02 0-80 0-52 
k x 105 . 5-2 5-5 5-1 ~ 53 5-5 
(2) #, mins. 340 740 750 1575 7315 
0-751 0-546 0-578 0-370 0-122 
103 105 102 105 100 


(3) #, mins. 8733 21600 47500 oe _ 
a—x : 1-18 0-698 0-392 nie — 
k x 105 . 4-6 4-6 4-4 


The bromine consumption of cyclopentadiene and dicyclopentadiene in carbon tetrachloride 
solution was determined by adding an excess of bromine also in carbon tetrachloride, and 
estimating the excess as described by Hammick and Langrish (loc. cit.). The titrations were 
carried out immediately after the mixing, at room temperature and in diffuse daylight. In 
typical experiments: (i) 8-62 cm.* of a 0-1N-bromine solution were added to 10-0 cm.* of a 
0-0300m-solution of cyclopentadiene; 5-53 cm.* of the bromine solution were used. (ii) A 
5-48m-dicyclopentadiene solution was kept for 3 months in a ground-stoppered flask at room 
temperature; then the solution was diluted 100-fold, and 5-00 cm.$ of the diluted solution were 
mixed with 0-26 cm.* of acetonitrile. 11-44 Cm.* of 0-1n-bromine solution were added to the 
mixture, and 7-78 cm.* were used. In order to calculate ‘‘ velocity coefficients ”’ from equation 
(7), six runs in carbon tetrachloride solution were carried out at 25-0°. Ina typical experiment, 
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a 0-996m-solution of cyclopentadiene was sealed in five tubes which were simultaneously intro- 
duced into the thermostat. At ¢ = 0, 4000, 9830, 14175, and 20120 mins. the tubes were 
opened, and the contents diluted 10-fold. 12-00 Cm.* of 0-1N-bromine solution were added to 
5-00 cm.* of the diluted solution, and 9-95, 7-9, 4-6, 7-4, and 7-1 cm.*® of the bromine solution 
were used. 

In carrying out experiments 1, 2, 6, and 7 of Table I and the experiments of the Tables III, 
IV, and VII, 0-3—2-0 cm. of the reaction mixture were pipetted on an excess of benzoquin- 
one in a 10-0-cm.* measuring flask; the subsequent procedure was the same as that described 
in Part IV (loc. cit.). 


TaBLE XI. 
Typical Experiments in the Pure Liquid State. 


Reaction Concn. of C,H,0O,. Reaction Concn. of f CoH Oy. 
mixture , Concn. mixture Concn. 
pipetted ‘Before After of C sH, pipetted ‘Before After of C sH, 
in 10cm.* reaction reaction in reac- in 10 cm.* reaction reaction in reac- 
t, measuring with with tion t, measuring with with tion 
mins. flask (cm.*). C;H,. C;H,. mixture. mins. flask (cm.*). C,H, C,;H,. mixture. 
Temperature, — 2°. Temperature, 35°. 

0 , 0-545 0-163 12- 0 0-300 0-397 0-0465 11- 
2895 ; 0-537 00-0966 1l- 172 0-300 0-397 0-114 9- 
6960 : 0-507 0-0443 9- 405 0-400 0-397 0-108 7 

14460 : 0-515 0-0704 7: 1043 0-450 Q@-397 0-221 3- 
5- 2- 
3- 1- 








“7 
“4 
“2 
“9 
96 
“7 


25700 : 0-376 0-0368 1555 0-500 0-397 0-248 
51870 50 0-276 8 §=0-116 2620 0-500 0-282 0-197 


The cyclopentadiene concentrations at zero time were also deduced from density determina- 
tions and the same values as those in Table XI were obtained. 


The authors are greatly indebted to Prof. C. K. Ingold, F.R.S., for his continuous interest in 
the work described in this and the preceding communications. Their thanks are also due to 
Dr. E. A. Guggenheim for valuable discussions in connexion with the experiments of Parts VI— 
VIII, to Dr. A. H. Leckie for measuring the Raman spectrum of dicyclopentadiene (Part VI), 
to Dr. H. Jehle for his help in calculating the moments of inertia (Part VIII), and to Dr. D. L. 
Hammick for a discussion on the bromination of cyclopentadiene. Dr. Hammick was good 
enough to read the manuscript of this paper and he informed one of us that he entirely agrees 
with the conclusions mentioned on p. 384. 
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86. Derivatives of 3: 4-Monoacetone B-1 : 6-Anhydrogalactose. 
By D. McCreatH and F. Situ. 
With crystallographic data by E. G. Cox and (Miss) A. I. WAGSTAFF. 


The isolation of 3 : 4-monoacetone 8-1 : 6-anhydrogalactopyranose is described. It 
has been converted successively into 2-methyl 3 : 4~monoacetone B-1 : 6-anhydrogalactose, 
2-methyl B-1 : 6-anhydrogalactose, 2-methyl B-galactose, 2: 3 : 4-tvimethyl B-1 : 6-anhy- 
drogalactose, and 2 : 3: 4-trimethyl galactose, the structures of which are proved. A 
crystallographic examination of 8-1: 6-anhydrogalactose and of 3 : 4-monoacetone 
8-1 : 6-anhydrogalactose has been carried out. 


DurINnG the preparation of 1 : 2-3: 4-diacetone galactose, required for the synthesis of 
L-ascorbic acid (Haworth, Hirst, et al., J., 1933, 1422), it was found in a few cases that some 
decomposition occurred during the vacuum distillation of the product and in addition to 
the syrupy diacetone galactose a crystalline substance of higher boiling point was obtained. 
This product proved to be identical with a monoacetone anhydrogalactose prepared by 
Micheel (Ber., 1929, 62, 687). The formation of anhydrogalactoses (or galactosans) by 
destructive distillation of galactose is well known (Pictet and Vernet, Helv. Chim. Acta, 





























nn 






[a 







eee er te a 











es a nea OF Ey: ete 


388 McCreath and Smith: Derivatives of 


1922, 5, 44; Pictet and Vogel, ibid., 1928, 11, 209; Micheel, Joc. cit.) and in this instance the 
production of monoacetone anhydrogalactose might be ascribed to a failure to maintain 
the high vacuum. In agreement with this view it was found that the yield of crystalline 
material was increased when a mercury vapour pump alone was used for the distillation, 
presumably owing to the fact that such a pump had not the capacity of the combined oil 
and mercury vapour pump usually employed. 

The investigation carried out by Micheel (loc. cit.), while strongly suggesting that the 
monoacetone anhydrogalactose was to be described as 3 : 4-monoacetone 8-1 : 6-anhydro- 
galactose (I), did not provide conclusive evidence in support of this view. This evidence 
is now provided by the series of transformations detailed below. 














CH,———O CH, O 
NH 
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O HS H O H 
OH Me 
(I.) (II.) 
CH,—O CH,-OH CH,—O 
; 2) = 
B: 4 H 
OH OH OMe H 
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H OMe H OMe H OMe 
(III.) (IV.) (V-) 
CH,-OH CH,-OH CO,Me 
MeO | H MeO M = 
Ke Kim 20 ge 9 One 
H H H | H | 
H OMe H OMe OMe 
(VI.) (VII.) (VIII.) 





Methylation of the monoacetone anhydrogalactose (I) prepared as described yields a 
monomethyl monoacetone anhydrogalactose (II), the hydrolysis of which with mineral acid 
eliminates the acetone residue with the formation of a monomethyl anhydrogalactose (III). 
This substance is non-reducing and it is clear, therefore, that the reducing group in (I) is 
protected by the anhydro-ring and not by the acetone residue. Further treatment of the 
monomethyl anhydrogalactose (III) with methyl sulphate and sodium hydroxide solution 
gives a trimethyl anhydrogalactose (V) which also is non-reducing. Fission of the anhydro- 
ring in (V) was achieved by treatment with aqueous mineral acid and a trimethyl galactose 
was isolated as the monohydrate. This product was identical with the 2 : 3 ; 4-trimethyl 
galactose monohydrate (V1) obtained by the hydrolytic cleavage of methylated degraded 
arabic acid (Smith, unpublished results). It follows from this result that the anhydro- 
ring in (V) and therefore in (I) involves the reducing group (C,) and the primary alcohol 
group (C,). 

The position of the methyl group in monomethyl anhydrogalactose (III) was deter- 
mined in the following way. Hydrolysis of (III) by mineral acid gave a crystalline mono- 
methyl @-galactose (IV), which when treated with phenylhydrazine furnished galactose 
phenylosazone. During this reaction the methyl group was eliminated, an indication that 
the group occupies position 2. 2-Methyl-8-galactose (IV), which forms a crystalline anslide, 
has been described by Oldham and Bell (J. Amer. Chem. Soc., 1938, 60, 323). The recog- 
nition of (III) as 2-methyl 1 : 6-anhydrogalactopyranose clearly shows that the acetone 
residue in (I) engages C, and C,. Inspection of the model of (I) indicates that the 1 ; 6- 
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anhydro-ring must engage the hydroxyl group on C, in the 8-position and therefore (I) is 
designated 3 : 4-monoacetone 8-1 : 6-anhydrogalactopyranose. 

The structure of the 2 : 3 : 4-trimethyl galactose (VI) was confirmed by its transform- 
ation with bromine into 2:3:4trimethyl 8-galactonolactone (VII). The latter was 
characterised by the formation of a crystalline phenylhydrazide, which was identified by 
m. p. and by comparison with an authentic specimen (compare Challinor, Haworth, and 
Hirst, J., 1931, 258). Furthermore, when the 2:3: 4-trimethyl 8-galactonolactone was 
oxidised with concentrated nitric acid, 2 : 3 : 4-trimethyl mucic acid was produced, which 
was identified as its crystalline dimethyl ester (VIII), identical with an authentic specimen 
(Challinor, Haworth, and Hirst, Joc. cit.). 


EXPERIMENTAL. 


Isolation of 3: 4-Monoacetone 1 : 6-Anhydrogalactopyranose (I).—Condensation of galactose 
with acetone in the presence of sulphuric acid (Freudenberg and Doser, Ber., 1925, 58, 296) 
yielded a product which on high vacuum distillation furnished mainly diacetone galactose and 
sometimes, in addition, a small quantity of a higher-boiling distillate which solidified. After 
recrystallisation from  bensene-ligat petroleum this material had m. p. 151—152°; [a]}® — 61-3° 
in water (c, 1-42), [a]}®° — 72-5° in chloroform (c, 1-7), and [a]}®° — 66-2° in ethyl alcohol (c, 1-8) 
(Found: C, 53-5; H, 6-9. Calc. for C,H,,0,;: C, 53-5; H, 7:0%). The substance did not 
reduce Fehling’s solution, but when boiled with 5n-hydrochloric acid for a few minutes, the 
solution, after neutralisation, had reducing properties and gave a positive iodoform test. The 
properties of the 3 : 4-monoacetone galactosan quoted by Micheel (Joc. cit.), m. p. 151—152°, 
[a]??° — 61-7° in water, [«]?” — 73-3° in chloroform, are in good agreement with the above figures. 
The m. p. of a mixture with 3 : 4-monoacetone -1 : 6-anhydrogalactose prepared by Micheel’s 
method showed no depression. 

2-Monomethyl 3: 4-Monoacetone 8-1: 6-Anhydrogalactopyranose (II).—The monoacetone 
anhydrogalactose (I) (3-8 g.) was methylated at 50° with methyl sulphate (20 c.c.) and sodium 
hydroxide (50 c.c. of a 30% aqueous solution) in the presence of acetone, the reagents being 
added in one-tenth portions during 1} hours. The methylation was completed by heating the 
solution at 90° for 10 minutes. The material, a syrup (3 g.) isolated by means of chloroform, 
had b. p. (bath temp.) 110°/0-12 mm., nu} 1-4680, [a]}?" — 84-5° in ethyl alcohol (c, 1-7). It 
did not reduce Fehling’s solution (Found: OMe, 14-6. C,,H,,O, requires OMe, 14-35%). 

2-Monomethyl 8-1 : 6-A nhydrogalactopyranose (III).—2-Monomethy] 3 : 4~-monoacetone 1 : 6- 
anhydrogalactopyranose (2-5 g.) was dissolved in 0-5n-sulphuric acid (50 c.c.) and ethyl alcohol 
(25 c.c.) and heated for 1} hours on a boiling water-bath; the rotation then became constant. 
After neutralisation with barium carbonate the solution was filtered and evaporated under 
reduced pressure, giving a viscous non-reducing syrup (2-0 g.). The acetone residue had been 
completely eliminated, since after further acid hydrolysis no acetone could be detected in the 
solution by the iodoform reaction. Without further purification the material was used for the 
following experiment. 

2:3:4-Trimethyl 8-1: 6-Anhydrogalactopyranose (V).—2-Monomethyl] 1 : 6-anhydrogalac- 
tose (2 g.) was methylated with methyl sulphate (20 c.c.) and sodium hydroxide (50 c.c. of 
30% aqueous solution) in the presence of acetone and the crystalline product (1-7 g.) was iso- 
lated by means of chloroform. It crystallised well from acetone—light petroleum, had m. p. 
61°, [«]#?" — 69-2° in ethyl alcohol (c, 1-32), and did not reduce Fehling’s solution even on pro- 
longed boiling (Found: C, 52-9; H, 7-9; OMe, 45-3. C,H,,0O, requires C, 52-9; H, 17-9; 
OMe, 45-6%). 

2:3:4-Trimethyl Galactopyranose (VI).—2:3:4-Trimethyl 1 : 6-anhydrogalactopyranose 
(1-3 g.) was hydrolysed by boiling with 4% hydrochloric acid (40 c.c.) for 144 hours. The 
solution was neutralised with barium carbonate, filtered, and evaporated to dryness under 
diminished pressure. The residue was extracted with boiling chloroform and after removal of 
the solvent a colourless reducing syrup (1 g.) was obtained which readily crystallised as a mono- 
hydrate on exposure to the air. After recrystallisation from acetone—ether—light petroleum the 
material had m. p. 80° (sintering at 74°); [a]}" + 150° (initial value in water, c, 1-0), changing 
in 3} hours to + 114° (constant value). It gave no depression in m. p. when mixed with a 
pure specimen of 2: 3 : 4-trimethyl galactose monohydrate. The material was readily soluble 
in water, methyl alcohol, ethyl alcohol, and acetone but insoluble in ether and light petroleum 
(Found: C, 45-3; H, 8-0; OMe, 38-5. Calc. for C,H,,0,,H,O: C, 45-0; H, 8-4; OMe, 38-8%). 
After keeping over phosphoric oxide the m. p. rose to 86° (without previous sintering) (Found : 
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OMe, 42-9. Calc. for C,H,,0,: OMe, 41-9%). The 2:3: 4-trimethyl galactose (100 mg.), 
freed from moisture by heating in a vacuum at 100°, was allowed to react with aniline (70 mg.) 
in boiling absolute alcohol (5 c.c.) for 5 hours. The solvent was removed; the pale yellow 
syrup crystallised spontaneously, and after recrystallisation from a small volume of absolute 
alcohol the product (70 mg.) had m. p. 169°. This anilide was sparingly soluble in ether and 
insoluble in light petroleum but readily dissolved in acetone and in methyl and ethyl alcohols 
(Found: C, 60-8; H, 7-8; OMe, 32-8; N, 4-8. Calc. for C,;H,,0,N : C, 60-6; H, 7-8; OMe, 
31-4; N, 47%). 

Formation of 2:3:4-Trimethyl 8-Galactonolactone (VII).—2:3:4-Trimethyl galactose 
(0-9 g.), dissolved in water (10 c.c.), was allowed to react with bromine (1 c.c.) at room temper- 
ature for 2 days until a small portion of the solution, after removal of the excess of bromine and 
neutralisation with sodium hydroxide, no longer reduced Fehling’s solution. The solution was 
then freed from bromine by aeration, neutralised with silver oxide, filtered, and treated with 
hydrogen sulphide. Silver sulphide was removed, and the clear solution evaporated to dryness 
under diminished pressure. The syrupy lactone thus produced (0-75 g.) had b. p. (bath temp.) 
145°/0-01 mm., n}§° 1-4750, [«]}® + 135° (initial value in water, c, 1-0), falling in 10 hours to 
+ 25° (equilibrium value). On heating with phenylhydrazine (1-1 mols.), the lactone (0-1 g.) 
readily gave rise to a crystalline phenylhydrazide (60 mg.), which, after recrystallisation from 
alcohol-ether, had m. p. 175—176° alone or in admixture with a pure specimen of the phenyl- 
hydrazide of 2: 3: 4-trimethyl galactonic acid (Found: C, 54-9; H, 7-3; OMe, 28-4; N, 8-8. 
Calc. for C,;H,,O,N,: C, 54-9; H, 7-4; OMe, 28-4; N, 8-5%). 

Formation of Methyl 2:3: 4-Trimethyl Mucate (VIII).—A solution of the lactone (0-6 g.) 
in nitric acid (10 c.c., d 1-42), was heated for } hour at 50° and for 3 hours at 90°. It was then 
diluted with water and freed from nitric acid by distillation under reduced pressure at 50—60°, 
water, and in the final stages, methyl alcohol, being added to facilitate this process. When 
free from nitric acid and water, the acidic product was subjected to esterification by boiling 
with 2% methyl-alcoholic hydrogen chloride (50 c.c.) for 8 hours under reflux. The solution 
was neutralised with silver carbonate, filtered, and evaporated to a syrup, which readily crys- 
tallised. This crystallised well from acetone-ether-light petroleum in plates, m. p. 102—103° 
alone or in admixture with authentic methyl 2: 3: 4-trimethyl mucate. It showed [a]? + 
36° in water (c, 1-7) (Found: C, 47-2; H, 7-2; OMe, 54-8. Calc. for C,,H,.O,: C, 47-1; H, 
7:2; OMe, 55-3%). 

2-Methyl Galactopyranose (IV).—A solution of 2-methyl 3: 4-monoacetone 1 : 6-anhydro- 
galactopyranose (0-9 g.) in 5% hydrochloric acid (50 c.c.) was heated on a boiling water-bath for 
21 hours; the rotation then became constant. The solution, which now reduced Fehling’s 
solution actively, was neutralised with silver carbonate, filtered, and evaporated to dryness 
under reduced pressure. The syrup was dissolved in ethyl alcohol, filtered, and the solution 
evaporated to dryness, giving a residue of 2-methyl galactose. After crystallisation from 
glacial acetic acid or water the product had m. p. 145—148°. It showed [a]}® + 52° (initial 
value in water, c, 0-5), changing to + 94° (equilibrium value) [Oldham and Bell (/oc. cit.) give 
[a]p -+ 53° (after 5 mins. in water, c, 4-77), changing to + 82-6° (equilibrium value)]. Since the 
2-methyl galactose exhibits an increase in rotation, it probably has the 6-configuration (Found : 
C, 42-9; H, 7-25; OMe, 16-0. Calc. for C,H,,0,: C, 43-3; H, 7-3; OMe, 16-0%). When the 
2-methyl galactose (100 mg.), dissolved in absolute alcohol (2 c.c.), was heated under reflux in 
the presence of aniline (1-1 mols.) for 6 hours, the anilide was readily formed, and removal of 
the solvent gave a crystalline product which separated well from acetone-light petroleum. The 
anilide of 2-methyl galactose had m. p. 165°; it was soluble in water, methyl and ethyl alcohol, 
acetone, and ether but insoluble in light petroleum (Found: OMe, 11-3. C,,;H,,0O;N requires 
OMe, 11-5%). 

Formation of Galactose Phenylosazone.—When the 2-methyl galactose (100 mg.) was heated 
with phenylhydrazine (4 mols.) in 45% aqueous acetic acid at 75° for 3} hours, galactose phenyl- 
osazone was produced. After recrystallisation from aqueous alcohol the osazone had m. p. 
202° (decomp.) alone or in admixture with an authentic specimen (Found: C, 60-4; H, 6-6; 
N, 15-6; OMe, nil. Calc. for C,,H,,0,N,: C, 60-3; H, 6-2; N, 15-6%). 


X-Ray Crystallographic Examination [By E. G. Cox and (Miss) A. I. WacstarFrF]. 


B-1 : 6-Anhydrogalactose.—The crystals of this substance prepared according to the direc- 
tions given by Micheel (/oc. cit.) are orthorhombic, tabular on {100} and with marked cleavage 
parallel to {001}. The cell dimensions are a = 28-41, 6 = 11-07, and c = 6-30a., and the 
observed density is 1-613 g./c.c. The space-group is P2,2,2 (Q*), but the molecular arrange- 
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ment must approximate closely to that of P2,2,2,, since the reflection from (001) is absent and 
that from (003) is very weak. There are thus four asymmetric units in the cell, and the deduced 
molecular weight is 484 [Calc. for (C,H,,0;),: 486]. 

3:4-Monoacetone §- 1: 6-Anhydrogalactose—This substance is orthorhombic, showing 
elongated development of the form {210}. The cell dimensions are a = 17-68, b = 9-72, and 
c = 5-45a., and the space-group is P2,2,2, in this case also approximating to P2,2,2,. The 
observed density is 1-422 g./c.c., giving a molecular weight (for four molecules per unit cell) of 
203 (calc. for C,H,,0,;, 202), so this substance is monomeric in the solid state. 
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87. Phenylated Phthalic Acids and Anthracene Derivatives. 
By Cu. WEIZMANN, ERNST BERGMANN, and L. HASKELBERG. 


The reactions between arylmagnesium compounds and 3: 6-diphenylphthalic 
anhydride and 3-phenylphthalic anhydride, leading to substituted o-benzoylbenzoic 
acids, have been studied. 

Through the cyclic N-hydroxyimide, 3 : 6-diphenylphthalic anhydride was converted 
into the corresponding anthranilic acid, but from this the corresponding tetraphenyl- 
indigotin could not be prepared, probably for steric reasons. Other reactions of the 
anhydride are its cyclisation into 2-phenylfluorenone-1-carboxylic acid and 1'-keto- 
indeno(2’ : 3’ : 1 : 2)fluorenone. 

1-Phenyl-, 1 : 4- and 1 : 5-diphenyl-, and 1: 4: 5: 8-tetraphenyl-anthraquinone have 
been prepared, and their reactions studied. 1: 4:9: 10-Tetraphenylanthracene is of 
interest as a lower homologue of rubrene. An isomerisation of 1 : 4: 9: 10-tetraphenyl- 
anthracene throws some light on the formation of the so-called }-rubrene. 


INCREASED interest in polycyclic substances has recently been aroused owing to the dis- 
covery of the carcinogenic or oestrogenic properties of members of this group, and this had 
led us to experiments in the series of anthracenes phenylated in the side rings, the only 
representatives known hitherto being 1-phenylanthraquinone (Diels and Alder, Ber., 1929, 
62, 2339) and 2-phenylanthraquinone (Scholl and Neovius, Ber., 1911, 44, 1075; Groggins, 
Ind. Eng. Chem., 1930, 22, 620, 626). Two possible methods have been explored, namely, 
the route via substituted o-benzoylbenzoic acids and the diene synthesis, which was used 
by Diels and Alder for the preparation of 1-phenylanthraquinone. 

(1) The 3 : 6-diphenyltetrahydrophthalic anhydride accessible by the union of 1 : 4- 
diphenylbutadiene and maleic anhydride (Diels and Alder, Ber., 1929, 62, 2081; Kuhn and 
Wagner-Jauregg, ibid., 1930, 63, 2662) could be easily dehydrogenated by means of sulphur 
to form 3 : 6-diphenylphthalic anhydride, other methods of dehydrogenation being unsuc- 
cessful according to Kuhn and Wagner-Jauregg (loc. cit. For the analogous tetraphenyl- 
phthalic anhydride, see Dilthey, Thewalt, and Troesken, Ber., 1934, 67, 1959). The new 
anhydride showed most of the typical reactions of phthalic anhydrides, others being 
apparently hindered sterically. The interaction with Grignard reagents according to 
the method of Weizmann and co-workers (J., 1935, 1367; 1936, 567. Compare Fieser and 
Hershberg, J. Amer. Chem. Soc., 1937, 59, 2331) gave the corresponding 2-aroyl-3 : 6- 
diphenylbenzoic acids; we thus prepared the benzoyl, 1'-naphthoyl, 4'-methoxybenzoyl, 4'- 
bromobenzoyl, and the 6’-methoxy-2'-naphthoyl derivatives. The sodium salts of most of 
these keto-acids were insoluble in water, but recrystallisable from boiling propyl alcohol ; 
the free acids, therefore, were conveniently prepared by saturating propyl-alcoholic solutions 
of the sodium salts with hydrogen chloride. Cyclisation of the keto-acids proved very 
tedious; here apparently the presence of the voluminous ortho-substituents slows down 
the ring closure so that side reactions may prevail; e.g., with sulphuric acid as cyclising 
agent, sulphonation readily takes place. 
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Other cases of this hindrance have been observed in the 3 : 6-diphenylanthranilic acid 
series. The preparation of 3 : 6-diphenylphthalimide could only be effected by heating a 
mixture of the anhydride and urea (compare, inter al., Biedermann, Ber., 1877, 10, 1166; 
Tingle and Brenton, J. Amer. Chem. Soc., 1910, 82, 116) at 200°, but we were unable to 
degrade it into the amino-acid by means of sodium hypochlorite or hypobromite (Orthner- 
Reichel, “‘ Organisch-chemisches Praktikum,” Berlin, 1928, p. 181). The corresponding 
hydroxyimide (I) (compare Lassar-Cohn, Annalen, 1880, 205, 295), on the other hand, 
could easily be prepared even at room temperature and was converted by alkali treatment 
into the sodium salt of the desired 3 : 6-diphenylanthranilic acid. This acid could not be 
coupled with chloro- or bromo-acetic acid (compare the similar case of 2-aminoveratric 
acid; Rodionov and Bogoslovskij, Chem. Abstrs., 1938, 32, 2939. It was resistant too 
against formaldehyde and potassium cyanide solution; Leonhardt, D.R.-P. 120,105), so 
that the synthesis of the tetraphenylindigotin could not be effected. 

On heating with anhydrous aluminium chloride in benzene, 3 : 6-diphenylphthalic 
anhydride is cyclised with formation of 2-phenylfluorenone-1-carboxylic acid (II) (compare 
Schaarschmidt, Ber., 1915, 48, 1826; Weiss and Abeles, Monatsh., 1932, 61, 143, 162; 
Dilthey, Joc. cit. and J. pr. Chem., 1937, 148, 53). This substance gives a well-defined 
phenylhydrazone and could be decarboxylated to 2-phenylfluorenone. On treatment with 
phenylmagnesium bromide, only one phenyl group enters the molecule (IV). On the other 
hand, reaction with phenyl-lithium leads to complete saturation with phenyl groups (V). 
When the keto-acid (II) is heated with thionyl chloride in carbon tetrachloride solution 
(compare Koelsch, J. Amer. Chem. Soc., 1934, 56, 480), cyclisation occurs again, giving the 
golden-red 1’-ketoindeno(2’ : 3’: 1 : 2)fluorenone (III), which is also present in the un- 
crystallisable resins obtained in the preparation of the keto-acid (II). The diketone (III) 
gives a nearly black bisphenylhydrazone (a similar substance has been obtained by Dilthey 
et al., J. pr. Chem., 1937, 148, 53; 149, 85. These authors also observed very different 
ease of formation of the two five-membered rings). 

In a similar way, by dehydrogenation of the adduct between phenylbutadiene and 
maleic anhydride (Diels and Alder, Ber., 1929, 62, 2081), 3-phenylphthalic anhydride was 
prepared (for another synthesis, see Butterworth, Heilbron, Hey, and Wilkinson, J., 
1938, 1386). Interaction with phenylmagnesium bromide gave two isomeric keto-acids (VI, 
VII), in non-comparable yields. We suggest that the prevailing isomer (m. p. 163°) has 
formula (VI), its formation not being sterically hindered, and to the isomer, m. p. 172°, 
formula (VII) should be ascribed. A similar behaviour of 3-methylphthalic anhydride 
has been reported by Newman (J. Amer. Chem Soc., 1937, 59, 1003). 

Attempts to condense maleic anhydride with 1 : 4-di-p-anisylbutadiene (E. Bergmann, 
unpublished) or 1:2:3:4tetraphenylbutadiene (Bergmann, Winter, and Schreiber, 
Annalen, 1933, 500, 122) failed. 
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(2) As mentioned above, 1-phenylanthraquinone can be obtained directly by coupling 
1-phenylbutadiene and «a-naphthaquinone according to Diels and Alder. The same 
procedure was applied to the coupling of 1 : 4-diphenylbutadiene with «-naphthaquinone 
and with benzoquinone, giving 1 : 4-diphenyl- and 1:4: 5: 8-tetraphenyl-anthraquinone, 
respectively, and of phenylbutadiene with benzoquinone, giving a diphenylanthraquinone 
which on account of its extremely high m. p. (355°) should be the centrosymmetrical 
1 : 5-diphenyl compound, although the isomeric formula of a 1 : 8-diphenylanthraquinone 
is not excluded (1 : 5-dichloroanthraquinone, m. p. 251°; 1 : 8-isomer, m. p. 199°. Bromo- 
compounds, m. p.’s 292° and 232°, respectively. Nitro-compounds, m. p.’s 422° and 310°, 
respectively). When the last coupling was carried out in xylene solution, no dehydro- 
genation took place: the two products obtained have apparently the formule (VIII) and 
(IX). The latter substance could be dehydrogenated by air in presence of alkali to form 
the above quinone, m. p. 355°. 

Treated with various reagents, 1 : 4-diphenylanthraquinone took up two substituent 
groups; a dinitro- and a dibromo-derivative and a disulphonic acid were thus obtained. 
The behaviour of the disulphonic acid indicates that disubstitution fails to attack the 
anthracene nucleus; we suggest that reaction takes place in the #-positions of the two 
phenyl groups. When heated with a large excess of bromine, 1 : 4-diphenylanthraquinone 
took up four bromine atoms. The structure of the intensely red product has not yet been 
determined. 

1-Phenyl- and 1 : 4-diphenyl-anthraquinone were reduced by the usual methods to 
the corresponding phenylated anthracenes, which showed no unusual properties. They 
behaved normally too with phenylmagnesium bromide, giving phenylated 9 : 10-dihydroxy- 
9 : 10-diphenyl-9 : 10-dihydroanthracenes (as X): in the case of 1 : 4:5: 8-tetraphenyl- 
anthraquinone phenyl-lithium is to be preferred to phenylmagnesium bromide. Attempts 
to remove the hydroxyl groups from (X) gave results of more general interest. Boiling 
formic acid (Kovache, Aun. Chim., 1918, 10, 228; Schlenk and Bergmann, Amnalen, 1928, 
463, 152) did not give the expected 1 : 4: 9 : 10-tetraphenylanthracene (XI), but instead a 
colourless, non-fluorescent, isomeric Aydrocarbon. That this was a secondary product was 
proved as follows: Reduction of the diol (X) with potassium iodide in presence of sodium 
hyposulphite (compare the analogous method of Haller and Guyot, Bull. Soc. chim., 1904, 
31, 795; Dufraisse and Velluz, sbid., 1936, 3, 1905) gave—under certain conditions—the 
desired hydrocarbon (XI), a yellow, fluorescent substance. It could be converted into the 
colourless, non-fluorescent isomer by means of boiling formic acid. We suggest that this 
isomeric change takes place according to the scheme : 
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It involves a rearrangement completely analogous to the isomerisation of allylbenzenes 
into hydrindenes (Bergmann and Weiss, Annalen, 1930, 480, 49. For further references, 
see Blum-Bergmann, Ber., 1932, 65, 109); as a matter of fact, the hydrocarbon (XI) 
contains an allybenzene system. A similar observation has been made by Moureu, 
Dufraisse, and Berchet (Compt. rend., 1927, 185, 1085; compare Moureu, Dufraisse, and 
Enderlin, 1bid., 1929, 188, 673) in the rubrene series. In the preparation of this red hydro- 
carbon (XIII) a colourless y-rubrene also is formed; Dufraisse (Bull. Soc. chim., 1936, 8, 
1855; compare Enderlin, Ann. Chim., 1938, 10, 5) has suggested for it the somewhat 
unusual formula (XIV), which he prefers to the second possibility (XV). The latter is, 
however, analogous to (XII) and seems to us by far the more probable (compare Haworth, 
Ann. Reports, 1937, 34, 393). Our hydrocarbon (XI) is apparently a lower homologue of 
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rubrene; in its colour, too, it is intermediate between rubrene and the almost colourless 
9: 10- -diphenylanthracene ( (for references, see also Schlenk and Bergmann, Annalen, 1928, 


Xo Bk 


(XIII.) (XIV.) (xv.) H Ph 
463,171. For a rearrangement which might be similar to the above, see Clar, Ber., 1931, 
64, 2194). 
EXPERIMENTAL. 

3: 6-Diphenylphthalic Anhydride—A mixture of ‘the tetrahydro-compound (30 g.) and 
sublimed sulphur (7 g.) was heated at 260—270° for 20 minutes; reaction started at 240°. The 
powdered mass was crystallised from methyl ethyl ketone or xylene, giving needles, m. p. 224°, 
of 3: 6-diphenylphthalic anhydride in almost quantitative yield (Found: C, 79-9; H, 4:1. 
CyoH,,0, requires C, 80-0; H, 4-:0%). The anhydride dissolved in boiling sodium carbonate 
solution. The sodium salt, which was only slightly soluble in water, formed leaflets. Its 
solution, on acidification at 0°, gave the free acid, m. p. 162° (decomp.) after crystallisation 
from alcohol. Methyl 3 : 6-diphenylphthalate, prepared from the silver salt and methyl iodide, 
formed needles, m. p. 188°, from acetone (Found: C, 75-4; H, 5-3. C,,H,,O0, requires C, 76-3; 
H, 52%). . 

2-Benzoyl-3 : 6-diphenylbenzoic Acid.—Phenylmagnesium bromide (prepared from 0-48 g. 
of magnesium and 2-14 g. of bromobenzene) was added drop by drop to a boiling solution of the 
above anhydride (6 g.) in xylene (50 c.c.), the product separating immediately. The mixture 
was boiled for 15 minutes, decomposed with ice and dilute sulphuric acid, and treated with 
sodium carbonate solution. The sodium salt separating was collected—it formed silky needles, 
recrystallisable from propyl alcohol—and a propyl-alcoholic solution of it was treated with 
hydrogen chloride, filtered, and evaporated. The residual acid crystallised from benzene— 
light petroleum in clusters, m. p. 167°; yield, 50% (Found: C, 82-4; H, 5-1. C,,H,,0, 
requires C, 82-5; H, 4.8%). It gave a dark green colour in concentrated sulphuric acid. 

2-a-Naphthoyl-3 : 6-diphenylbenzoic Acid.—The above procedure was carried out with «- 
bromonaphthalene (10-3 g.), magnesium (1-25 g.), and diphenylphthalic anhydride (15 g.). 
The product separated spontaneously; it was converted into its potassium salt by solution in 
boiling alcohol and addition of alcoholic potassium hydroxide. The acid, obtained as described 
above and crystallised successively from acetylene tetrachloride and benzene—light petroleum, 
formed prisms, m. p. 188°; yield, 50% (Found: C, 84:5; H, 4:7. Cy gH,,O; requires C, 84-1; 
H, 47%). 

2-p-Methoxybenzoyl-3 : 6-diphenylbenzoic Acid.—A solution of p-methoxyphenylmagnesium 
bromide (3-65 g. of magnesium; 28 g. of p-bromoanisole) was added as above to a boiling 
solution of 3 : 6-diphenylphthalic anhydride (15 g.) in xylene (300 c.c.). The acid separated 
as an oil, which solidified slowly on trituration with benzene. It crystallised from the same 
solvent in rhombohedra, which decomposed at 125°, resolidified, and then had m. p. 175°. It 
gave a brown-violet coloration with concentrated sulphuric acid. According to the analysis, 
the keto-acid contains 2 mols. of water, which could not be removed completely (Found : C, 72-4; 
72-7; H, 4:5, 4:8. C,,H,,0,,2H,O requires C, 73-0; H, 5-4%). The methyl ester, prepared by 
means of diazomethane and crystallised from glacial acetic acid or butyl alcohol, had m. p. 
185° (Found : C, 79-4; H, 5-4. CygH,,O, requires C, 79-6; H, 5-2%). 

2-(6’-Methoxy-B-naphthoyl)-3 : 6-diphenylbenzoic Acid.—After the reaction between the 
anhydride (15 g.) and the Grignard solution prepared from magnesium (3-7 g.) and 2-bromo-6- 
methoxynaphthalene (35-6 g.), a semicrystalline sodium salt was obtained, an alcoholic solution 
of which was treated with hydrogen chloride. The precipitate, after drying, was triturated 
with benzene; the insoluble part, which consisted of the desired keto-acid, dissolved easily in 
glacial acetic acid and separated immediately afterwards. After precipitation from ethereal 
solution with light petroleum it had m. p. 220° after previous sintering (Found: C, 81-3; 
H, 4-8. C,,H,,O, requires C, 81-3; H, 48%). It gave a dark green colour with concentrated 
sulphuric acid. The methyl ester, prepared with diazomethane, had m. p. 220° (from glacial 
acetic acid) (Found: C, 82-3; H, 5-5. C,,H,,O, requires C, 81-2; H, 5-0%). 
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2-p-Bromobenzoyl-3 : 6-diphenylbenzoic acid, obtained similarly from -bromophenylmag- 
nesium bromide separated spontaneously on treatment of the Grignard product with ice-cold 
dilute sulphuric acid. It crystallised from glacial acetic acid or toluene in needles, m. p. 200°, 
and formed an intensely green solution in concentrated sulphuric acid (Found : C, 68-2; H, 3-8. 
C,,H,,0,Br requires C, 68-3; H, 3-7%). 

3 : 6-Diphenylphthalimide.—The anhydride (10 g.) and urea (5 g.) were thoroughly mixed 
and heated at 200° for 2 hours. The light brown mass was powdered, washed with water, 
dried, and crystallised from 50% acetic acid, benzene, or butyl alcohol, yielding 8-2 g. of 3: 6- 
diphenylphthalimide, m. p. 245° (Found: C, 79-7, 80-0; H, 4-8, 4:8. C,.9H,,0,N requires 
C, 80-0; H, 4-3%). 

N-Hydroxy-3 : 6-diphenylphthalimide (1).—A solution of hydroxylamine (6-6 g.) in absolute 
alcohol (400 c.c.) was shaken with finely powdered diphenylphthalic anhydride (15 g.) for 30 
hours at room temperature. The product separated from glacial acetic acid or butyl alcohol in 
lancet-shaped crystals, m. p. 238°, insoluble in water, alcohol, and benzene (yield, quantitative) 
(Found: C, 75-7; H, 4-6; N, 4-5. C,9H,,0,N requires C, 76-2; H, 4:2; N, 4-4%). 

3 : 6-Diphenylanthranilic Acid.—To a solution of sodium hydroxide (1-2 g.) in water (50 c.c.), 
the foregoing hydroxyimide (6-6 g.) was added and the dark red solution was heated for 12 hours 
on the water-bath. The solution, now colourless, was filtered hot; sodium 3: 6-diphenyl- 
anthranilate separated on cooling. The acid, obtained on treatment with glacial acetic acid 
(yield, 96%), was insoluble in water and light petroleum, easily soluble in alcohol, acetone, and 
ether and was crystallised from benzene or glacial acetic acid; m. p. 200° (decomp.) (Found : 
C, 79-3; H, 5-6. C,,H,,0O,N requires C, 78-9; H, 5-2%). The methyl ester, prepared by means 
of diazomethane in benzene solution, had m. p. 119—120°; its solutions exhibited a marked 
fluorescence (Found: C, 79-8; H, 5-7. C,9H,,O,N requires C, 79-3; H, 5-6%). The acetyl 
derivative, m. p. 215°, was prepared by means of acetic anhydride and sodium acetate, and 
recrystallised from alcohol (Found: C, 76-1; H, 5-1. C,,H,,O,N requires C, 76-1; H, 5-1%). 

2-Phenylfluorenone-l-carboxylic Acid (I1).—3: 6-Diphenylphthalic anhydride (6 g.) was 
suspended in dry benzene (50 c.c.), aluminium chloride (10 g.) added during 30 minutes, and the 
mixture boiled for 2 hours, cooled, and decomposed with cold hydrochloric acid. An ethereal 
extract of the product was shaken with sodium carbonate solution. The sodium salt, which 
crystallised quickly, was acidified, and the acid crystallised from glacial acetic acid or xylene; 
m. p. 199—201° (yield, 4-5 g.). It gave a red colour with concentrated sulphuric acid (Found : 
C, 79-2; H, 4:1. C9H,,0O, requires C, 80-0; H, 4:0%). The phenylhydrazone, prepared in 
alcoholic solution, separated from ethyl acetate in yellowish crystals, m. p. 177° (Found: C, 
79-6; H, 4:9. C,,H,,0,N, requires C, 80-0; H, 4-6%). The methyl ester, prepared by means 
of diazomethane, crystallised from ligroin in yellow needles, m. p. 142° (Found : C, 80-5; H, 4-9. 
C,,H,,O; requires C, 80-3; H, 4-5%). 

1-Benzoyl-2-phenylfiuorenone (1V).—A benzene solution of the foregoing methy] ester (3-1 g.) 
was added to phenylmagnesium bromide (prepared from 2-4 g. of magnesium and 15-6 g. of 
bromobenzene). The product, isolated in the usual way, was an oil which solidified on trituration 
with methanol; it crystallised from glacial acetic acid or benzene in needles (1 g.), m. p. 236°, 
and gave a violet-red colour with sulphuric acid (Found: C, 86-9; H, 4-4. C,,.H,,O, requires 
C, 86-7; H, 4-4%). 

1-Hydroxybenzhydryl-2 : 9-diphenylfiluorenol (V).—Methyl 2-phenylfluorenone-1l-carboxylate 
(3-1 g.) was added to a solution of phenyl-lithium in ether (from 1-6 g. of lithium and 10-5 c.c. 
of bromobenzene; Ziegler and Colonius, Annalen, 1930, 479, 135). After 24 hours, the mixture 
was worked up in the usual way. From the reddish resin obtained, on prolonged trituration 
with isopropyl alcohol at 0°, crystals (2 g.) separated. MRecrystallised from propyl alcohol, 
these gave stout lancet-shaped crystals of the fluorenol, m. p. 123° (decomp.), which formed a 
brownish-red solution in concentrated sulphuric acid (Found: C, 87-7; H, 6-0. C;,H,,O, 
requires C, 88-3; H, 5-4%). The isopropyl-alcoholic mother-liquor was evaporated, and the 
residue treated with light petroleum—acetone; the white crystalline powder (1 g.) obtained was 
recrystallised from benzene and identified as 1-benzoyl-2-phenylfluorenone by its colour reaction 
and mixed m. p. 236°. 

2-Phenylfluorenone.—2-Phenylfluorenone-l-carboxylic acid (0-5 g.) was heated with boiling 
quinoline (10 c.c.) and copper-bronze (0-5 g.) for 20 minutes, and the mass treated with dilute 
sulphuric acid and ether. The ethereal solution was washed with sodium carbonate solution, 
and evaporated; the residue crystallised from alcohol in golden needles (0-24 g.), m. p. 140— 
141°, which gave a deep red solution in concentrated sulphuric acid (Found: C, 89-2; H, 5-3. 
C,,H,,0 requires C, 89-1; H, 4:7%). The phenylhydrazone formed brownish needles, m. p. 
168° (Found: C, 86-7; H, 6-0. C,,H,,N, requires C, 86-7; H, 5-2%). 
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1'-Ketoindeno(2’ : 3’: 1: 2)fluorenone (III).—2-Phenylfluorenone-l-carboxylic acid (1-5 g.) 
in carbon tetrachloride (2 c.c.) was boiled for 2 hours after addition of thionyl] chloride (2 c.c.), 
and again for 2 hours after addition of a second portion (5 c.c. of thionyl chloride in 5 c.c. of carbon 
tetrachloride). The golden-red diketone separated spontaneously. It was collected when cold, 
washed with ethyl acetate (which removed traces of unchanged material), and recrystallised 
several times from bromobenzene; m. p. 298° (Found: C, 85-2; H, 4:0. C,9H,,O, requires 
C, 85-1; H, 35%). The diketone (0-28 g.) was dissolved in boiling glacial acetic acid (25 c.c.), 
and phenylhydrazine (0-2 g.) in butanol (3 c.c.) added. After 5 minutes’ heating at 100°, 
brown prisms of the bisphenylhydrazone separated, m. p. 215° (decomp.) (Found: C, 82-4; 
H, 4-6. C,,H,,N, requires C, 83-1; H, 4-7%). 

3-Phenylphthalic Anhydride.—A mixture of the tetrahydro-derivative (3 g.) and sulphur 
(0-7 g.) was heated at 280° for 3 hours, and the product distilled in a vacuum (b. p. 190°/2 mm.). 
The distillate crystallised, and on recrystallisation from benzene or glacial acetic acid formed 
needles, m. p. 143° (Found: C, 74-6; H, 3-7. C,,H,O, requires C, 75-0; H, 3-6%). 

6-Benzoyl-2-phenyl- (V1) and 2-Benzoyl-3-phenyl-benzoic Acid (VII).—A solution of 3- 
phenylphthalic anhydride (5 g.) in boiling benzene reacted violently with phenylmagnesium 
bromide solution (0-7 g. of magnesium; 2-6 c.c. of bromobenzene). After 1 hour’s boiling and 
the usual treatment, the alkaline solution was acidified. The resinous products crystallised on 
trituration with 50% acetic acid and gave an orange-red colour reaction with concentrated 
sulphuric acid. Fractionation from 60% acetic acid gave a first crop of stout prisms (VII), 
m. p. 172° after recrystallisation from the same solvent, and a second one of white leaflets (VI), 
m. p. 163°. The latter substance crystallised with remarkable slowness, which facilitated 
separation of the isomers [Found: for (VII): C, 79-4, 79-0; H, 5-2, 4-7. Found for (VI): 
C, 78-8; H, 5-0. C,9H,,0O,; requires C, 79-3; H, 4:7%]. 

1-Phenylanthraquinone.—a-Naphthaquinone (5 g.) and l-phenylbutadiene (5 g.) were 
brought into an oil-bath kept at 180°. When the violent reaction ceased, the heating was 
continued for another 5 minutes, the mass cooled, methyl alcohol (8 c.c.) added, and the 
product (3 g.), m. p. 177°, collected. 

9: 10-Dihydroxy-1 : 9: 10-triphenyl-9 : 10-dihydroanthracene.—The foregoing quinone (2-4 g.) 
reacted with phenylmagnesium bromide (10 mols.). The oil produced crystallised on tritura- 
tion with benzene-light petroleum. It had m. p. 238° and gave a dark blue colour reaction with 
concentrated sulphuric acid (Found: C, 87-3; H, 6-1. Cs3,H,,O, requires C, 87-3; H, 5-5%). 

1-Phenylanthracene.—1-Phenylanthraquinone (3 g.) in alcohol (100 c.c.) was boiled for 8 
hours with 30% sodium hydroxide solution (200 c.c.), aqueous ammonia (50 c.c., d 0-880), and 
zinc dust (15 g.). The alcohol was evaporated, and the solid collected and extracted with 
acetone. The acetone was distilled off, the residue dissolved in propyl alcohol, and, after 
addition of a few c.c. of alcoholic hydrochloric acid, the solution boiled for some minutes and 
filtered hot. On cooling, the fluorescent solution deposited yellow needles (2 g.), m. p. 123° 
(from alcohol) (Found: C, 93-8; H, 5-2. CC, 9H,, requires C, 94-5; H, 5-5%). 

1: 5-Diphenyl-1:4:5:8: 11:12:13: 14-octahydroanthraquinone (IX).—1-Phenylbutadiene 
(13 g.) and benzoquinone (5-5 g.) were boiled for 6 hours in xylene solution (15 c.c.), the solvent 
evaporated in a vacuum, and the residue treated with glacial acetic acid. The insoluble 
product (IX) crystallised from butyl acetate or butanol in clusters of needles, m. p. 230° (Found : 
C, 84-6; H, 6-8. C,,H,,O, requires C, 84-8; H, 6-5%). 

The glacial acetic acid mother-liquor was evaporated, and the residue distilled in a vacuum 
(b. p. 240°/0-2 mm.). The distillate partly crystallised on trituration with light petroleum 
(b. p. 80—100°). Recrystallisation from benzene furnished needles, m. p. 170°, of 5-phenyl- 
5: 8:9: 10-tetrahydro-a-naphthaquinone (VIII), which gave a blood-red colour reaction with 
concentrated sulphuric acid (Found: C, 80-9, 80-8; H. 6-1, 6-2. C,,H,,O, requires C, 80-7; 
H, 6-0%). 

1 : 5-Diphenylanthraquinone.—Air was passed for 30 minutes through a boiling solution of 
the octahydro-derivative (IX) (0-3 g.) in 15% alcoholic potassium hydroxide (10 c.c.) (Diels 
and Alder, Ber., 1929, 62, 2337; Barnett and Lawrence, J., 1935, 1104), the colour becoming 
finally straw-yellow. The product, after being washed with alcohol and recrystallised from 
ethyl malonate, had m. p. 355° (Found: C, 86-3, 86-5; H, 4-7, 5-0. C,,H,,O, requires C, 86-7; 
H, 4-4%). 

1:4: 5: 8-Tetraphenylanthraquinone.—1 : 4-Diphenylbutadiene (20 g.) and benzoquinone 
(5 g.) were slowly heated under slightly reduced pressure until a violent reaction set in; the 
mixture was then kept 5 hours at the same temperature. After cooling, the product was washed 
with cold glacial acetic acid (yield, 10 g.) and recrystallised from nitrobenzene or tetrahydro- 
naphthalene; m. p. 355° (Found: C, 89-5; H, 4-9. C,,H,,O, requires C, 89-1; H, 47%). 
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9: 10-Dihydroxy-1:4:5:8:9: 10-hexaphenyl-9 : 10-dihydroanthracene.—1 : 4: 5 : 8-Tetra- 
phenylanthraquinone (2-5 g.) dissolved completely in ethereal phenyl-lithium solution (from 
5-3 c.c. of bromobenzene and 0-8 g. of lithium turnings). After 24 hours, the black mixture was 
poured into water and acidified. The dihydroxy-compound was collected and recrystallised 
from a large amount of ethyl malonate; m. p. above 370°. It could not be converted into 
derivatives owing to its extremely sparing solubility (Found: C, 88-2; H, 5-6. C, H;,0, 
requires C, 89-8; H, 5-4%). 

1: 4-Diphenylanthraquinone (III).—1: 4-Diphenylbutadiene (5 g.) and a-naphthaquinone 
(2-2 g.) were heated at 160° for 10 hours and the black product was powdered, treated with hot 
glacial acetic acid (10 c.c.), and crystallised from benzene (charcoal), yellow needles, m. p. 212°, 
being obtained (Found: C, 86-5; H, 4:6. C,,H,,O, requires C, 86-7; H, 44%). 

A solution of 1 : 4-diphenylanthraquinone in nitric acid (d 1-52) was poured after 30 minutes 
into ice-water; the dinitro-compound crystallised from glacial acetic acid in needles, m. p. 208° 
(not sharp) (Found: N, 6-2. C,,.H,,O,N, requires N, 6-2%). Heated with 10 parts of con- 
centrated sulphuric acid for 1 hour at 100°, the quinone gave a disulphonic acid; the sodium 
salt crystallised as a trihydrate when an aqueous solution of the acid was treated with sodium 
chloride, and was recrystallised from water (Found: C, 50-6; H, 3-4. C,.H,,0,S,Na,,3H,O 
requires C, 50-5; H, 3-2%). The quinone (3-6 g.) was kept in contact with liquid bromine 
(1 c.c.) for 48 hours, then triturated with water, and the reddish product washed with glacial 
acetic acid and sublimed at 0-1 mm.; the yellow sublimate formed needles of a dibromo-deriv- 
ative, m. p. 295°, from glacial acetic acid (Found: C, 59-7; H, 2-4. C,,H,,O,Br, requires 
C, 60-2; H, 2-7%). When the quinone (5 g.) was heated with liquid bromine (5 c.c.) at 60° for 
12 hours, and the excess of bromine distilled in a vacuum, a brown-red tetrabromo-1 : 4-diphenyl- 
anthraquinone was obtained, which separated from nitrobenzene, on addition of alcohol, in red 
prisms, m. p. above 300° (Found: C, 45-5; H, 1-7. C,,H,,0,Br, requires C, 46-1; H, 1-8%). 

1: 4-Diphenylanthracene and 9-Hydroxy-1 : 4-diphenyl-9 : 10-dihydroanthracene.—The fore- 
going quinone (1 g.) in alcohol (50 c.c.) was heated with 30% sodium hydroxide solution (10 c.c.), 
aqueous ammonia (25 c.c., d 0-889) and zinc dust (6 g.), which dissolved after 6hours. The solid 
product crystallised from benzene in colourless rhombohedra and yellow needles; these were 
separated mechanically. The yellow needles, which gave an intense fluorescence in solution, 
were recrystallised several times from propyl alcohol or glacial acetic acid; 1: 4-diphenyl- 
anthracene thus obtained had m. p. 170° (Found: C, 94-0; H, 5-6. C,gH,, requires C, 94-5; 
H, 5-5%). The picrate, prepared in propyl-alcoholic solution and recrystallised from picric acid 
containing propyl alcohol, formed brown needles, m. p. 173° (Found : N, 7-5. CggHys,C.H,O,N; 
requires N, 7-5%). 

The colourless rhombohedra, after recrystallisation from light petroleum (b. p. 80—100°), 
had m. p. 155° (Found: C, 89-2; H, 6-1. C,H, O requires C, 89-7; H, 5-8%). Apart from 
the analysis, the structure of 9-hydroxy-1 : 4-diphenyl-9 : 10-dihydroanthracene follows from the 
observation that the crude product of the above reaction, on treatment with alcoholic hydro- 
chloric acid, gave 1:4-diphenylanthracene exclusively, the colourless by-product being 
dehydrated under these conditions. 

9: 10-Dihydroxy-1 : 4: 9: 10-tetraphenyl-9 : 10-dihydroanthracene (X).—To phenylmagnes- 
ium bromide solution (from 2-4 g. of magnesium and 15-6 g. of bromobenzene), a hot benzene 
solution of 1 : 4-diphenylanthraquinone (3 g.) was added and the mixture was boiled for 2 hours. 
The crystalline product, isolated in the usual way, was washed with hot alcohol and recrystal- 
lised from benzene, forming needles (3 g.), m. p. 240°, which gave no colour reaction with con- 
centrated sulphuric acid (Found: C, 88-3; H, 5-4. C,,H,,O, requires C, 88-4; H, 5-4%). 

Hydrocarbon (XII).—The above dihydroxy-compound was boiled for 3 hours with ten times 
its weight of formic acid or acetyl chloride. The product, recrystallised from ligroin or acetic 
anhydride, had m. p. 322° (Found: C, 94-4; H, 5-3. C,,H,. requires C, 94-6; H, 5-4%). 

1:4:9: 10-Tetvaphenylanthracene (XI).—The diol (X) (0-5 g.) was heated at 80° for 2 hours 
with potassium iodide (0-5 g.) and sodium hyposulphite (1 g.) in glacial acetic acid (10 c.c.). 
The mixture was poured into water and the solid was washed with water and separated by 
fractional crystallisation from methyl ethyl ketone into the less soluble hydrocarbon (XII), 
m. p. 322°, and 1: 4:9: 10-tetraphenylanthracene, which formed yellow clusters of needles, 
m. p. 205° (Found: C, 94-5; H, 5-7. C,H». requires C, 94-6; H, 5-4%). When the latter 
was boiled with ten times its weight of formic acid for 3 hours, it was converted into the high- 
melting isomer. 
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88. The Boric Acid Synthesis of peri-Hydroxyanthraquinones. 


By Cu. WEIZMANN, L. HASKELBERG, and (in part) T. BERLIN. 


The condensation of simple «-naphthol derivatives and phthalic anhydrides under 
the influence of boric oxide gives hydroxy-keto-acids, combination taking place in the 
o-position with respect to the phenolic hydroxyl. The reasons for this regularity 
are discussed, and the differences in behaviour between related hydroxy- and methoxy- 
compounds emphasised. 

In the same way | : 4-dihydroxynaphthalene gives dihydroxy-naphthacenequinones 
and -pentacenequinones with phthalic and naphthalic anhydrides respectively. 
From hemipinic acid, e.g., 9: 10-dihydroxy-1 : 2-dimethoxynaphthacene-11 : 12-quinone 
is obtained, which is easily demethylated, a lake-dye of the naphthacene series being 
formed. 


In continuation of our experiments with 3: 6-diphenylphthalic anhydride (preceding 
paper) we tried to utilise it for the synthesis of hydroxy-anthraquinones by the method 
of Weizmann and co-workers (Ber., 1903, 36, 547, 719; J., 1907, 91, 411, 1588). Similar 
experiments were made with other suitable starting materials and the results are reviewed 
below. 

The above anhydride easily condensed with «-naphthol and with 1 : 5-dihydroxynaph- 
thalene monomethyl ether to form the corresponding hydroxy-keto-acids, e.g. (I). The 
hydroxyl and the carboxyl group in (I) could both be methylated by means of diazomethane, 
and the hydroxyl group was acetylated. No satisfactory method could be devised for 
the cyclisation of the keto-acids. Apparently, cyclisation is slow and side reactions occur 
to a remarkable extent. Similar observations have been made with analogous keto-acids 
(preceding paper) ; they may be explained by steric hindrance caused by voluminous ortho- 
substituents. The same may apply to the condensation between phenanthrene-l : 2- 
dicarboxylic anhydride and «a-naphthol; here the condensation itself is difficult and gives 
a subsituted phthalide (II) instead of the desired hydroxy-keto-acid. 

Naphthalene-2 : 3-dicarboxylic anhydride condenses easily with «-naphthol and gives 
good yields of the expected keto-acid, from which the corresponding quinone can be ob- 
tained; it has been described by Waldmann (Ber., 1931, 64, 1722). Pyromellitic anhydride, 
in the same way, reacts with 2 mols. of «-naphthol, the product obviously being (III) 
(or the corresponding axial-symmetric isomer). (For the condensation between this an- 
hydride and benzene or toluene, see Philippi, Monatsh., 1911, 32, 632; Mills and Mills, 
J., 1912, 101, 2198. Compare Philippi, Monatsh., 1921, 42, 1; 1922, 48, 621; 1924, 
45, 261; Diesbach and Schmidt, Helv. Chim. Acta, 1924, 7, 644.) 


HO-C,.H C,,H,-OH 
OH op P — met CO,H 


h a 6 OH 
Comets Ete 2 
| 
 no,¢ h ) WA HO, Co UH 
(I.) 


(II.) (III.) 


Although «-naphthol and its derivatives give a positive response, the boric acid reaction 
is extremely difficult or even impossible to achieve with phenol and its simple substitution 
products. Reaction was observed only with the pair phenol and phthalic anhydride, the 
product being fluoran and not the desired keto-acid. 

The location of the hydroxyl group in the newly reported substances is based on the 
assumption that the carbonyl group enters the o-position to phenolic hydroxyl. The same 
applies certainly to aluminium chloride syntheses. The reason is probably that the 
primary product is an acid phthalate, which undergoes Fries’s transposition and that the 
o-hydroxy-carbonyl compound so formed is stabilised as a complex boric acid derivative. 
On the other hand, methoxy-groups do not direct the entering acyl radical into the o- but 
rather into the #-position (compare Mitter and Dutt, Chem. Centr., 1937, I, 590. For 
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similar observations in the phenanthrene series, see Mosettig and Burger, J]. Amer. Chem. 
Soc., 1933, 55, 2981; 1934, 56, 1745). Therefore, the keto-acid, m. p. 263°, obtained by 
Weizmann and Bergmann (J., 1936, 567) from 1 : 5-dimethoxynaphthalene and phthalic 
anhydride under the influence of aluminium chloride should be the 1 : 5-dimethoxy- 
4-0-carboxybenzoyl compound (IV), and that reported by Bentley, Friedl, Thomas, and 
Weizmann (J., 1907, 91, 411) to be similarly obtained from 1 : 5-dihydroxynaphthalene 
and phthalic anhydride in presence of boric oxide (m. p. of the dimethyl ether, 209— 
210°) should be the 2-0-carboxybenzoyl derivative (V). 


OMe 
ie” ail 


A/ 
Me | 


CO 


(IV.) CO,H 
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1-Hydroxy-5-methoxynaphthalene on condensation with phthalic anhydride in presence 
of aluminium chloride gives two isomeric keto-acids, the aroyl radical apparently entering 
in the two possible positions with about equal ease. 

The above considerations make it understandable that 1 : 4-dihydroxynaphthalene is 
converted directly by means of boric acid condensation with phthalic anhydrides into 
derivatives of AO te pr Ee e.g., 


Aw ALN 
OO + 


These reactions proceed smoothly and give excellent yields of the dark red, high-melting 
dihydroxy-quinones. The analogous reaction, with aluminium chloride-sodium chloride 
as condensing agent, has been carried out by various authors (Raudnitz, Ber., 1929, 62, 
509, 938; Waldmann and Mathiowetz, Ber., 1931, 64, 1713; Waldmann, J. pr. Chem., 
1931, 131, 71; Mayer, Stark, and Schoen, Ber., 1932, 65, 1333. Compare Zahn and 
Ochwat, Annalen, 1928, 462, 72, and I. G. Farbenindustrie, A.G., D.R.-P., Chem. Cenitr., 
1931, I, 1173). 

The following cases have been studied: formation of 9 : 10-dihydroxynaphthacene- 
11 : 12-quinone with phthalic anhydride, of its 1-phenyl and its 1 : 4-diphenyl derivative 
with 3-phenyl- and 3: 6-diphenyl-phthalic anhydrides, respectively, of 1: 2:3: 4-¢etra- 
chloro-9 : 10-dihydroxynaphthacene-11 : 12-quinone with tetrachlorophthalic anhydride, of 
13 : 14-dihydroxypentacene-11 : oes with naphthalene-2 : 3-dicarboxylic anhydride, 


Q OH 


> = OGD 


and of its 9-phenyl compound, on starting with 1-phenylnaphthalene-2 : 3-dicarboxylic 
anhydride. Finally, hemipinic anhydride gave 9 : 10-dihydroxy-1 : 2-dimethoxynaphthacene- 
11 : 12-guinone. This, on interaction with boiling hydriodic acid, gave the corresponding 
1 : 2-dihydroxy-compound, which represents the first lake-dye of the naphthacene group. 

The tetrachloro-compound differs in colour from the other dihydroxy-quinones. Its 
crystals are nearly black, whereas all the other representatives of this group, including the 
dimethoxy-compound, are intensely red. Similar observations have been made before 


(see also preceding paper, pp. 393, 397). 
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The intense colour of all these hydroxy-quinones is certainly due to the chelate-linkages 
between the carboxyl and the adjacent hydroxyl groups. The existence of such linkages 
is also indicated by the fact that diazomethane does not attack the hydroxyl groups, and 
by the behaviour, reported above, of 9: 10-dihydroxy-1 : 2-dimethoxynaphthacene- 
11 : 12-quinone towards hydriodic acid, the quinone system remaining unaffected, whereas 
usually anthraquinones are easily reduced in these circumstances. 


EXPERIMENTAL. 


2-(1'-Hydroxy-2'-naphthoyl)-3 : 6-diphenylbenzoic Acid (I).—a-Naphthol (7-2 g.), 3: 6- 
diphenylphthalic anhydride (7-5 g.) and boric oxide (7 g.) were thoroughly mixed and heated 
at 200—220° for 24 hours. The mass was extracted with boiling water, and the insoluble 
part dissolved in sodium carbonate solution, filtered, and acidified. The acid (1) separated 
from alcohol in stout prisms, m. p. 150° (decomp. with loss of alcohol of crystallisation) ; and 
from toluene in prismatic leaflets, m. p. 214°. Concentrated sulphuric acid gave a brown-red 
solution, which turned dark blue-green on heating owing to cyclisation and subsequent sulphon- 
ation (Found: C, 80-7; H, 4-9. C3 9H,..O, requires C, 81-1; H, 45%). The acetyl derivative, 
crystallised from glacial acetic acid, had m. p. 243° (Found: C, 78-0; H, 5-0. C;,H,,O,; 
requires C, 79-0; H, 45%). 

Methylation with diazomethane produced methyl 2-(1'-methoxy-2-naphthoyl)-3 : 6-diphenyl- 
benzoate, m. p. 168° after crystallisation from glacial acetic acid (Found: C, 80-9; H, 4-9. 
C3,.H,,O, requires C, 81-4; H, 5-1%). 

2-(1'-Hydroxy-5'-methoxy-2'-naphthoyl)-3 : 6-diphenylbenzoic acid was obtained by treating 
a mixture of 1-hydroxy-5-methoxynaphthalene (Fischer and Bauer, J. pr. Chem., 1916, 94, 
15) (4:5 g.), boric oxide (3-5 g.), and 3: 6-diphenylphthalic anhydride (4-5 g.) as described 
above and was recrystallised from alcohol; m. p. 210° (sintering at 205°). Concentrated 
sulphuric acid gave a dark blue solution, turning red after some minutes (Found: C, 78-1; 
H, 4:1. C,,H,,0, requires C, 78-5; H, 4:6%). 

Phenanthrene-1 : 2-dicarboxylic Anhydride.—The dihydro-derivative (Fieser and Hershberg, 
J. Amer. Chem. Soc., 1935, 57, 1853) (5-7 g.) was heated at 300—325° for 10 minutes with sub- 
limed sulphur (0-73 g.). The product was distilled in a vacuum and recrystallised from acetic 
anhydride: m. p. 311—312°; yield, 5-1 g. 

aa-Di-(4"'-hydroxy-1"'-naphthyl)-3 : 4: 2’ : 1'-naphthaphthalide (I1).—Phenanthrene-1 : 2-di- 
carboxylic anhydride (3 g.), a-naphthol (3 g.), and boric oxide (3 g.) were heated at 260° for 
2hours. The phthalide, worked up as described above, separated from nitrobenzene in crystals, 
m. p. 375° (Found: C, 83-8; H, 4:5. C3,H,,O, requires C, 83-4; H, 4-2%). 

2-(1'-Hydroxy-2'-naphthoyl)naphthalene-3-carboxylic Acid.—Naphthalene-2 : 3-dicarboxylic 
anhydride (10 g.), a-naphthol (10-5 g.), and boric oxide (5 g.) were heated for 2 hours at 200°. 
The keto-acid crystallised from glacial acetic acid or nitrobenzene in rhombohedra, m. p. 256— 
257° (decomp.), which gave a dark red colour reaction with sulphuric acid (Found: C, 76-6, 
76-3; H, 4:2, 4:3. C,9H,,O, requires C, 77-2; H, 41%). 

2 : 5-Di-(1'-hydroxy-2'-naphthoyl)terephthalic Acid (? III).—Pyromellitic anhydride (1/20 
mol.), «-naphthol (1/5 mol.), and boric oxide (1/5 mol.) reacted only when heated at 300—320° 
for 4 hours. The product was extracted with water and then with sodium carbonate solution, 
from which the keto-acid was obtained by acidification with boiling hydrochloric acid. The 
brown powder was reprecipitated in the same way, triturated with alcohol, and crystallised 
from ethyl malonate—xylene; m. p. 320° (decomp.) (Found: C, 71-0, 70-8; H, 4-1, 4-6. 
Cy9H,,0, requires C, 71:2; H, 3-6%). 

o-(1’ : 5’-Dimethoxy-2'-naphthoyl)benzoic Acid.—A solution of the dihydroxy-acid (3 g., 
m. p. 231°, Bentley et al., loc. cit., give 221°) in alcohol (50 c.c.) was shaken with potassium 
hydroxide (3-4 g.) and methyl sulphate (4-4 g.) for 24 hours. After 30 minutes’ boiling, the 
alcohol was distilled off, and the residue dissolved in ether and extracted with sodium carbonate 
solution. Acidification gave a mixture of acids, which was separated by fractional crystallis- 
ation from glacial acetic acid into unchanged material, m. p. 223°, and the desired dimethoxy-acid, 
m. p. 205° after recrystallisation from butyl acetate (Found: OMe, 18-4. C,.H,,O, requires 
OMe, 18-5%). 

Phthalic Anhydride and 1-Hydroxy-5-methoxynaphthalene.—A mixture of phthalic anhydride 
(3-9 g.) and the naphthalene derivative (5 g.) was added to a solution of aluminium chloride 
(3-5 g.) in nitrobenzene (50 c.c.). After 24 hours’ standing at room temperature and 3 hours’ 
heating at 50°, the mass was decomposed with ice and concentrated hydrochloric acid, and 
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ether added. The ethereal solution was extracted with aqueous sodium carbonate and the acids 
were precipitated, dried, and recrystallised from toluene in a Dewar vessel. Two keto-acids 
were isolated: one formed long yellow needles, m. p. 221° after recrystallisation from ligroin 
(Found: C, 70-6; H, 4-6. C,,H,,0,; requires C, 70-8; H, 4-4%), and the other formed brown 
clusters, which separated from butyl acetate in lancet-shaped crystals, m. p. 247° (Found: 
C, 70-4; H, 49%). 

9 : 10-Dihydroxynaphthacene-11 : 12-quinone.—1 : 4-Dihydroxynaphthalene (8 g.), phthalic 
anhydride (11-1 g.), and boric oxide (5-2 g.) were heated at 190° for 2 hours. The hard mass 
was powdered and washed with hot water. The quinone crystallised from nitrobenzene in red 
needles (11 g.), m. p. 345°, which dissolved in concentrated sulphuric acid with a purple-red 
colour [Beilstein, Vol. VIII, p. 482 (Berlin, 1925)]. 

9 : 10-Dihydroxy-1-phenylnaphthacene-11 : 12-quinone, obtained by the same procedure with 
3-phenylphthalic anhydride (preceding paper), crystallised in brilliant red needles, m. p. 290°, 
from nitrobenzene (yield, 60%). Sulphuric acid gave a cherry-red solution (Found: C, 78-3; 
H, 3-5. C,,H,,O, requires C, 78-7; H, 3-8%). 

9 : 10-Dihydroxy-1 : 4-diphenylnaphthacene-11 : 12-quinone (10-5 g.), obtained from 1: 4- 
dihydroxynaphthalene (4 g.), 3 : 6-diphenylphthalic anhydride (7-5 g.; preceding paper), and 
boric oxide (3-5 g.), formed brown-red needles with a violet lustre, m. p. 252-5°, and exhibited 
a violet sulphuric acid reaction. The best solvent for recrystallisation was butyl alcohol 
(Found: C, 81-1; H, 4:4. C,9H,,O, requires C, 81-4; H, 4-1%). 

1:2:3: 4-Tetrachloro-9 : 10-dihydroxynaphthacene-11 : 12-quinone, obtained from tetra- 
chlorophthalic anhydride (14-7 g.), 1: 4-dihydroxynaphthalene (8 g.), and boric acid at 200° 
(3 hours), crystallised from bromobenzene in brown-black, shiny needles (12 g.), m. p. 327°, 
which dissolved in sulphuric acid with a violet colour (Found: C, 50-8; H, 2-8. C,,H,O,Cl, 
requires C, 50:7; H, 1-4%). 

9 : 10-Dihydroxy-1 : 2-dimethoxynaphthacene-11 : 12-quinone, similarly obtained from 1: 4- 
dihydroxynaphthalene (3-2 g.), hemipinic anhydride (2-2 g.), and boric oxide (1-4 g.), was 
relatively soluble and crystallised from amyl acetate in orange-red, prismatic needles (3-5 g.), 
m. p. 265°, which formed a blue-red, dichroic solution in concentrated sulphuric acid (Found : 
C, 68-0; H, 4-4. CC, 9H,,O, requires C, 68-6; H, 40%). 

Complete demethylation took place after 3 hours’ boiling with hydriodic acid (d = 1-76; 
10 parts). The dark red, microcrystalline 1: 2: 9: 10-tetrahydroxynaphthalene-11 : 12-quinone 
was recrystallised from nitrobenzene and had m. p. 289° (Found: C, 66-6; H, 3-5. C,sH,O, 
requires C, 67-1; H, 3-1%). 

13 : 14-Dihydroxypentacene-11 : 12-quinone, after reaction between naphthalene-2 : 3-di- 
carboxylic anhydride (3 g.), 1 : 4-dihydroxynaphthalene (4-8 g.), and boric oxide (2-1 g.) at 190° 
for 2 hours, was obtained as a powder, which crystallised from nitrobenzene in red needles 
(3 g.), m. p. 360°, and developed a deep blue-red colour in sulphuric acid (Found: C, 76-8; 
H, 4:0. C,,H,,0O, requires C, 77-6; H, 3-5%). 

13 : 14-Dihydroxy-9-phenylpentacene-11 : 12-quinone, obtained from 1-phenylnaphthalene- 
2 : 3-dicarboxylic anhydride (Michael and Bucher, Ber., 1906, 39, 1911; 1908, 41, 70) (3-5 g.), 
1 : 4-dihydroxynaphthalene (4 g.), and boric oxide (1-7 g.) at 190°, and crystallised from nitro- 
benzene and then from bromobenzene, formed bordeaux-red needles, m. p. 359°. In sulphuric 
acid it formed a red-blue dichroic solution (Found: C, 81-7, 81-6; H, 4-4, 4:5. C,,H,,O, 
requires C, 80-8; H, 3-9%). 

THe DANIEL SieFF RESEARCH INSTITUTE, 

REHOVOTH, PALESTINE. [Received, November 29th, 1938.) 





89. Studies in the Diazotisation and Nitrosation of Amines. Part II. 
Changes in Hydrogen-ion Concentration during the Reaction. 


By J. CAMPBELL EARL and COLIN S. RALPH. 


The changes in pq have been followed during the reaction in methanol solution 
between nitrous acid and the following amines: aniline, methylaniline, N-benzyl-o- 
and -p-toluidine. The resulting curves are compared with those previously obtained for 
changes of conductivity during the same reactions. 
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In Part I (J., 1938, 1954) the occurrence of definite and characteristic changes in electrical 
conductivity during the reaction between nitrous acid and amines in methanol solution was 
discussed. As a logical outcome of the results obtained it was decided to examine also the 
changes in the hydrogen-ion concentration in the reaction mixture to determine how far 
these influenced the electrical conductivity. For this purpose a glass electrode was 
used. 


A circuit, based on that of Hemingway (Ind. Eng. Chem., Anal., 1935, 7, 203), was found 
satisfactory for the purpose, although rather subject to disturbance by unknown outside in- 
fluences. The results of the observations are recorded in the form of millivolt—-time curves. 
The reaction mixtures were of the same composition as those used for the conductivity experi- 
ments and the measurements were made at the same temperature, namely, 25°. In Fig. 1 are 
given the millivolt-time curves for methylaniline with different additions of hydrochloric acid. 
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Millivolt-time curves for methylaniline. (1) N-Benzyl-p-toluidine (0-6 mol. HCl). 
(2) N-Benzyl-o-toluidine (0-5 mol. HCl). 
(3) Aniline (0-6 mol. HCl). 
(4) Aniline (0-52 mol. HCl). 
(5) Aniline (0-55 mol. HCl). 
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The resemblance to the conductivity curves is close, the principal difference being in the early 
stages. Since the millivolt readings are directly proportional to pg and therefore logarith- 
mically related to the reciprocal of the actual hydrogen-ion concentration, it follows that the 
early parts of the curves accentuate the actual hydrogen-ion concentration changes much more 
than the later parts. The results show clearly that the changes in hydrogen-ion concentration 
are responsible for the principal characteristics of the conductivity—time curves. 

Other amines were also examined (Fig. 2). N-Benzyl-p-toluidine behaved in very much 
the same way as methylaniline, but with N-benzyl-o-toluidine the rise in hydrogen-ion concen- 
tration was not so abrupt. A similar difference was observed between the conductivity—time 
curves of these two amines. For aniline the millivolt-time curve is very similar to the con- 
ductivity—time curve (J. Proc. Roy. Soc. N.S.W., 1936, 70, 322). 

Any explanation of the mechanism of the nitrosation of secondary amines in methanol 
solution must allow for an initial stage in which there is a slight increase in hydrogen-ion 
concentration, followed by a rapid reaction involving the liberation of hydrogen ions. 
Probably, as has already been pointed out, the same initial changes take place prior to 
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the formation of diazo-compounds from primary amines, although here the masking effect of 
secondary reactions enters. 


The authors’ thanks are due to the Chemical Society for a grant, and to the University of 
Sydney for an Inglis Hudson Scholarship awarded to one of them (C. S. R.). 


UNIVERSITY OF SYDNEY, N.S.W. [Received, November 21st, 1938.] 





90. The Determination of the Nitro-group in Organic Compounds. 
By L. E. HinkeEL, E. E. AyLinc, and T. M. WALTERs. 


The stannous chloride method for the determination of nitro-compounds, originated 
by Limpricht and modified by subsequent workers, has been thoroughly re-examined. 
The various possible sources of error have been investigated, and a general procedure 
has been devised which enables accurate determinations to be made of the nitro-group 
in a wide variety of aromatic nitro-compounds. 


A QUANTITATIVE determination of the nitro-group in an organic compound, in which 
stannous chloride is employed as the reducing agent, was first devised by Limpricht (Ber., 
1878, 11, 35), who, by means of a standard iodine solution in presence of Rochelle salt, 
determined the amounts of stannous chloride before and after reduction of the nitro- 
compound. The method has been adapted by many workers for particular purposes, 
but, in spite of the various modifications introduced to eliminate apparent sources of error 
(Young and Swain, J. Amer. Chem. Soc., 1897, 19, 812; Altman, J. pr. Chem., 1901, 63, 
370; Berry and Colwell, Chem. News, 1915, 112, 1; Druce, ibid., 1919, 118, 183; Colver 
and Prideaux, J. Soc. Chem. Ind., 1917, 36, 480; Sachs, ibid., p. 915; Desvergnes, Ann. 
Chim. analyt., 1920, 2, 141; Florentin and Vanderberghe, Bull. Soc. chim., 1920, 27, 158), 
generally satisfactory results have not been obtained even in the restricted field of compounds 
hitherto examined (see Table I), and it would seem that in several cases the elimination of 
one error has introduced others. 


TABLE I. 


% Purity of Nitro-compounds as Determined by Various Modifications of the Stannous 
Chloride Reduction Method. 
C.H,Me-NO,. m- C,H,(OH)-NO,. 9:4- 
o-. p-. C,H,(NO,),. C,H,Me(NO,),. o-. p-. CgH,(OH)(NO,),. Picric acid. 
— 99-3 99-8 — 99-55 § — — 


99-8 99-55 § 


100-3 
99-5 
96-8 
99-8 

100-0 


me 98-7 
101-6 


99-55 ; — — —. a 
101-1 99-89 


— — 99-5 — 104-6 76-2 88-4 99-7 
90-3 97-1 98-9 99-1 — = — ¥8-2 
92-5 96-3 99-0 99-3 98-6 
Other results : trinitrotoluene, 95-1 (C. & P.), 100-8 (F. & V.); o-nitroaniline, 101-3 (D.); m-nitro- 
aniline, 99-4 (L.). 


* In open flask on water-bath. ft Mononitrotoluene mixture. § Titration with permanganate. 
t D. = Desvergnes. 
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Previous workers, except Desvergnes (loc. cit.), have apparently employed stannous 
chloride solution prepared by dissolving metallic tin in concentrated hydrochloric acid, 
but dissolution is only facile when the tin contains small quantities of impurities, such as 
lead or antimony, and although these impurities may have little or no influence on the 
actual reduction stage, their presence has a marked influence on the final titration of the 
stannous chloride solution by iodine (see Table II) (Altman, loc. cit., records that platinum 
produces similar discrepancies). 

TABLE II. 


Effect of Impurity in the Tin on the Determination. 
SnCl, soltn. % Purity of nitro-o-xylene. 
1. Prepared from Sn containing 0-3% of Sb 93-30, 95-60 
2. Prepared from Sn containing 0-2% of Pb 101-50, 100-90, 99-50 

The majority of previous workers apparently assumed that the stannous chloride 
solution is not oxidised by the air during the long heating, and, except Colver and Prideaux 
(loc. cit.), they did not perform a concurrent blank experiment. This omission has been 
one of the principal sources of error in all recorded determinations, since even at room 
temperature stannous chloride solutions decrease in strength owing to aerial oxidation. 
All results of determinations in which concurrent blank experiments have not been 
performed will be too high. It is probable that this is the real cause of the so-called 
“‘ over reduction.” 

Passage of an inert gas, such as carbon dioxide or nitrogen (Young and Swain; Berry 
and Colwell; Desvergnes, locc. cit.), through the solution during reduction, while eliminating 
the possibility of aerial oxidation, may introduce a new source of error by the removal 
of some of the volatile nitro-compound from the reaction mixture. This has been confirmed 
by duplicate experiments on nitrobenzene, in which the flow of carbon dioxide was relatively 
two and five bubbles per second; the mean values obtained for the purity were 99-85 and 
95-3% respectively. The immiscibility of the nitro-compound with the reducing solution 
also introduces errors, for not only will there be a greater tendency for incomplete reduction 
unless the reaction be carried out for a considerable time, but also the possibility for aerial 
oxidation is greatly increased. Furthermore the longer reaction period necessary increases 
the possibility of loss of the nitro-compound by volatilisation. The concentration of the 
reducing solution is also a matter of importance, since when it is dilute reduction may be 
incomplete, unless the reaction is prolonged, in which case aerial oxidation is facilitated. 
The difficulties inherent in the immiscibility of the nitro-compound were realised by several 
workers, who sought to overcome them by employing alcohol as a solvent for the 
nitro-compound during reduction (Young and Swain; Colver and Prideaux; Druce; 
Desvergnes : locc. cit.). Although this may eliminate the error due to volatilisation and 
incomplete reduction of the nitro-compound, it not only introduces a new error in the 
final titration with iodine unless the alcohol is free from aldehyde, but also increases very 
considerably the tendency for nuclear chlorination (compare Blanskma, Proc. K. Akad. 
Wetensch. Amsterdam, 1906, 8,680). The use of ca. 93% alcohol solution (compare Sampey, 
J. Amer. Chem. Soc., 1930, 52, 88) is unsatisfactory for mixtures of nitro- and halogeno- 
nitro-benzenes (Bird and Ingold, J., 1938, 919). 

Many cases have been recorded in which nuclear chlorination has occurred during the 
reduction of nitro-compounds with stannous chloride (Fittig, Ber., 1875, 8,15; Siedler, ibid., 
1878, 11, 1201; Kock, #bid., 1887, 20, 1568; Bamberger, ibid., 1895, 28, 251; Blanskma, 
Rec. Trav. chim., 1907, 25, 365; Hurst and Thorpe, J., 1915, 107, 934). In some cases, 
especially in the presence of alcohol, it has been shown that the sole product consists of 
chloroamines (Gabriel and Stephens, Ber., 1896, 29, 305; Blanskma, Joc. cit.). The 
generally accepted view of the formation of the chlorinated compound is based on the 
primary reduction of the nitro-group to the hydroxylamine derivative through the nitroso- 
stage. On further reduction, this hydroxylamine compound gives rise to the amine, but 
in presence of a large excess of hydrochloric acid, it may yield the chloroamine, which readily 
undergoes migration from the side chain into the nucleus (see p. 405). 

For complete chlorination, the reduction does not proceed beyond the hydroxylamine 
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stage, t.e., only four atoms of hydrogen are required, whereas for complete reduction to amine 
six atoms are necessary. oro coger eenar ein occurs, the final result for the nitro- 


C,H,NO, 4 _, C,H,-NO 2 slong hag _H > C,H,:NH, 
+ HCl 


C,H,Cl-NH, <— C,H,;"NHC1 
group will be low. This chlorination may be almost eliminated by using only the minimum 
quantity of free hydrochloric acid necessary to keep the stannous chloride in solution. 
The replacement of hydrochloric acid by sulphuric acid should also prevent simultaneous 
chlorination during reduction, and it has been found that, although reduction in presence 
of excess of sulphuric acid proceeds slowly, chlorination is entirely eliminated even in 
the presence of alcohol (compare Table ITI). 


TABLE III. 


The Influence of Alcohol and of Sulphuric Acid. 
% Purity of the nitro-compound when reduced with 
hydrochloric acid solution of stannous chloride in 
presence of : 
(a) EtOH. (b) EtOH and H,SO,. 
p-Nitroaniline 99-5 99-6 100-0 100-0 
Nitrobenzene 95-0 95-2 99-9 99-85 
o-Nitrotoluene 93-2 94-0 99-85 99-9 
Nitro-o-xylene 93-0 93-2 99-9 99-95 
Nitronaphthalene 88-0 78-5 99-5 99-0 
o-Nitroanisole 76-0 717°5 98-0 98-4 


In spite of the various errors with which the method seems beset, it can readily be made 
to yield concordant and accurate results, since most of the errors can be eliminated by 
employing pure materials and by performing a concurrent blank experiment under identical 
conditions. The two serious errors calling for special attention, viz., loss of the nitro- 
compound and nuclear chlorination, can be avoided by employing a solvent such as purified 
alcohol and by replacing the greater portion of the hydrochloric acid by sulphuric acid. 
Furthermore, the use of alcohol is only required when the nitro-compound is insoluble in 
the reducing solution. The method, when performed as described below, has been found 
to yield concordant and excellent results for a large variety of nitro-compounds (compare 
Table IV), including #-nitrophenol and #-nitrotoluene, which are the least easily reduced 


of the compounds examined by Sampey (loc. cit.). 
TABLE IV. 
Results obtained with Typical Nitro-compounds. 


Compound. Purity, %. Compound. 


Nitrohydvocarbons. Nitro-amines. 
Nitrobenzene . 99-70 
o-Nitrotoluene , 99-50 
p-Nitrotoluene ° 99-7 eee 
Nitro-o-xylenes (mixed) ... . 99-9 o-Nitro-p-toluidine 
3-Nitro-o-xylene . 99-7 §-Nitro-o-3-xylidine 
4-Nitro-o-xylene . 99-84 3 : 5-Dinitro-o-4-xylidine 
4-Nitro-m-xylene , 99-8 Picramide 
a-Nitronaphthalene , 99-5 Per sees 
Dinitrohydrocarbons. : 6-Dinitro-o-4-acetoxylidide 
2: 4-Dinitrotoluene -95, 100-0 p-Nitrophenyihydrazine 
3 : 4-Dinitro-o-xylene -63, 100-0 wir pe 
4: 5-Dinitro-o-xylene i 99-70 itrophenol 
Trinitrohydrocarbons. p-Nitrophenol 
3:4: 65-Trinitro-o-xylene ... 99-7, 100-0 5-Nitro-o-3-xylenol 
3: 4: 6-Trinitro-o-xylene ... 99-5 Dinitro-o-cresol 
Trinitrotoluene 99-65, 99-7 4 : 6-Dinitro-o-3-xylenol 
Nitrobenzaldehydes. Picric acid 
o-Nitrobenzaldehyde 99-6, 100-0 Nitro-acids. _ 
m-Nitrobenzaldehyde 100-0, 100-0 Nitrobenzoic ; 
p-Nitrobenzaldehyde 99-85, 99-9 — (Na 


EE 
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EXPERIMENTAL. 


Apparatus and Materials—The apparatus consisted of a 300-c.c. round-bottomed flask 
fitted to a straight Liebig condenser by means of a ground glass joint. A narrow glass delivery 
tube reaching to the centre of the flask for admission of carbon dioxide passed through the 
condenser. 

Reduction Solution.—283 G. of A.R. stannous chloride were dissolved in 300 c.c. of hydro- 
chloric acid (d 1-16), and the solution was made up to 1 1. with water saturated with carbon 
dioxide. This solution approximates to 2-5n-stannous chloride in 3n-hydrochloric acid, the 
acid being somewhat in excess of that required for the conversion of stannous into stannic 
chloride. 

Method.—The nitro-compound (0-1—0-2 g.) and, if necessary, 5—6 c.c. of alcohol (purified 
by refluxing in a rapid stream of carbon dioxide for several hours in order to remove aldehyde) 
were introduced into the reaction flask, from which the air had been previously displaced by 
carbon dioxide. After the nitro-compound had dissolved (by gentle warming if necessary), 
10 c.c. of dilute sulphuric acid (1:1 by vol.) were added, followed by 10 c.c. of the standard 
stannous chloride solution. A slow stream of carbon dioxide (two bubbles per second) was 
led into the flask through a bubbler throughout the reduction. The mixture was gradually heated 
to 100° on the water-bath. If the nitro-compound was insoluble and volatile, the inside of the 
condenser tube was washed down by the addition of 2 c.c. of alcohol after } hour and again 
after another 4 hour. After 1} hours’ heating, when reduction was complete, the contents of the 
flask were rapidly cooled, diluted with 200 c.c. of water saturated with carbon dioxide, and 
rapidly titrated with a standard solution of iodine (approx. 0-6Nn), starch solution being the 


indicator. 
A concurrent blank experiment must be performed under identical conditions. 


UNIVERSITY COLLEGE, SWANSEA. [Received, November 25th, 1938.] 





91. Single-crystal Palladium Films and their Interaction 


with Gases. 


By S. ForpHAM and R. G. KHALSA. 


The lattice constant of palladium leaf was referred by electron diffraction to 
a = 2-456 a. for graphite, and found to be 3-894 + 0-005 a. (by X-rays, 3-882 4.). 
Evaporation of palladium on to rocksalt cleavage surfaces between 350° and 450° 
gave specimens with the [100] axis of the palladium parallel to the [110] axis of the 
rocksalt, a second axis of orientation occurring simultaneously in most cases, resulting 
in “‘ single-crystal’ specimens. Above 450° the palladium oriented itself with its 
planes parallel to the similar planes of the substrate. A tentative explanation is 
advanced for these orientations. 

Heat treatment in a vacuum at temperatures up to 800° caused no change in the 
diffraction patterns. Oxidation at 600° gave palladous oxide with its [210] axis parallel 
to the [110] axis of the metal, but specimens partly oxidised and then annealed had the 
(100) and (001) faces of the former parallel to the (110) and (001) faces respectively of 
the latter. The oxide was tetragonal with a = 3-05 a. and c = 5-28a. Heat treat- 
ment of palladium or platinum in pure hydrogen or ammonia above 500° caused the 
100 and 110 diffractions to appear; this is ascribed to the replacement of metal atoms 
by hydrogen ions at statistically distributed points of the lattice. 


ELECTRON diffraction is recognised as a powerful instrument in the study of interactions 
between solids and gases. In most investigations utilising it, the film or surface has been 
either amorphous or composed of a random arrangement of microcrystals, with the result 
that the diffraction patterns do not always afford a unique solution of the problems of 
relative orientation. This disadvantage, however, can largely be overcome by the use of 
highly oriented films or single-crystal specimens. Of the metals, possibly the most 
interesting is palladium on account of the considerable interest attached to the palladium-— 
hydrogen system. The prepartion of “ single-crystal ’’ films of palladium by the method 
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of Lassen (Physikal. Z., 1934, 35, 172) and Briick (Ann. Physik, 1936, 26, 233) has been 
studied, and also the effects on the metal of heat treatment in vacuum, oxygen, and 
hydrogen. 

EXPERIMENTAL. 

The electron-diffraction experiments were carried out in two cameras of the Finch type 
(Finch and Wilman, Ergebn. exakt. Naturwiss., 1937, 16, 353) evacuated by oil-vapour diffusion 
pumps. Preliminary experiments showed that a rotary oil pump did not prevent all traces 
of oxidation during heating, so an electrically-heated silica-tube vacuum furnace was con- 
structed, incorporating a mercury-vapour diffusion pump together with a tin-foil trap to minimise 
diffusion of mercury vapour to the specimen. A similar furnace, but without a diffusion pump, 
was employed for heating in oxygen, the gas being supplied from a cylinder. Heating 
experiments could also be carried out in a furnace attached to a port of one of the diffraction 
cameras. The specimens were supported in this furnace on a silica grid which could be drawn 
by fine platinum wires along two silica rails extending across the body of the diffraction camera 
and throughout the length of the silica-tube furnace. Specimens could be lifted from the silica 
grid, and adjusted with reference to the electron beam with the aid of a special specimen 
carrier attached to another port of the diffraction camera. The specimens could therefore 
be examined after heat treatment in vacuum or in a gas without being brought into contact with 
the atmosphere. Temperatures were measured by means of a platinum—platinum-rhodium 
thermocouple inside the silica tube. This furnace, in view of its large volume, was not used 
for the heat treatment of specimens in pure hydrogen. For this purpose separate apparatus 
was constructed without rubber connecting tubing, although a rubber bung connection to the 
silica furnace tube was necessary; this bung was cleaned in boiling 10% potassium hydroxide 
solution and washed with boiling water, and precautions were taken to keep it completely cold 
when the furnace was hot. Pure hydrogen, generated by electrolysis of dilute baryta solution, 
was cleansed and dried by passage over solid potassium hydroxide and phosphoric oxide. All 
stopcocks were lubricated with Apiezon ‘‘M” grease. Temperatures were measured with 
sufficient accuracy with platinum-—platinum-rhodium thermocouples placed outside the silica 
furnace tubes. 

Palladium was used as leaf (at least 99-9%) or wire (99%), and precautions were taken to 
prevent contamination during the experiments. Trillat and Oketani (Compt. vend., 1936, 
203, 1064) found that the support used affected the results obtained during the heat treatment 
of gold, and our preliminary experiments showed that palladium alloyed readily with nickel or 
platinum supports at temperatures exceeding 200° to give specimens yielding widely varying 
diffraction patterns which could not be correlated with the known structures of the bulk alloys. 
For this reason the palladium films were invariably supported on mica or rocksalt, or on palladium 
gauze, being earthed when necessary with a fine platinum wire. 

Since mercury was present in the laboratory atmosphere, attempts were made to amalgamate 
palladium supported on mica, but no trace of amalgamation could be observed even after pro- 
longed treatment either electrolytically or by exposure to mercury vapour. It was shown 
that the amalgamation previously reported (Aylmer, Finch, and Fordham, Trans. Faraday 
Soc., 1936, 32, 864) was a consequence of alloying with the nickel supports during exposure 
to the hot mercury vapour. Attempts to amalgamate palladium which had been heated in 
hydrogen or partly oxidised in oxygen also failed completely. 

Palladium was also heated in atmospheres containing sulphur, and although the complicated 
diffraction patterns obtained could not be analysed satisfactorily, they sufficed to show tbat none 
of the results described below could be ascribed to the presence of sulphur fumes from grease 
or rubber in the apparatus. 

Preparation of Palladium Films.—The palladium films were prepared either from the leaf 
ot by evaporation on to the cleavage face of rocksalt. In the former case dilute (50%) nitric 
acid was used for thinning, and the specimens gave normal face-centred cubic patterns composed 
of arcs, together with a faint band just inside the 111 diffraction. This band was attributed to 
oxygen from the nitric acid, since it could be removed by heating the thinned leaf in hydrogen, 
or avoided altogether by etching electrolytically on a chloride solution. The lattice constant 
of the palladium was determined with reference to gold with double shutter and superimposed 
patterns; on the assumption that a for graphite is 2-456. (Trzebiatowski, Rocz. Chem., 
1937, 17, 73), that for palladium was 3-894 + 0-005 a., compared with 3-882 a. obtained for the 
bulk metal by X-rays (Owen and Jones, Proc. Physical Soc., 1937, 49, 587). The origin of 
such discrepancies has been discussed by Finch and Fordham (ibid., 1936, 48, 85; see also 
Finch and Wilman, Joc. cit.). 
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Transmission specimens which gave spot patterns due to palladium in cube-face orientation 
could be obtained by slow evaporation in a vacuum of metal from an electrically heated 
palladium-wire filament on to the freshly cleaved surface of a hot rocksalt crystal. The rock- 
salt was dissolved in water, and the metal film supported on rolled, fine-mesh wire gauze in 
such a manner that the directions in the palladium film parallel to the cube edges of the rocksalt 
were parallel to the edges of the photographic plate; thus the relative orientation of the metal 
and substrate could be determined. For the purpose of the present experiments these evaporated 
films are equivalent to single crystals and may conveniently be called such, although they are 
composed of a large number of small crystals in almost perfect alignment. Briick (loc. cit.) 
has stated that orientation of palladium on rocksalt occurs at temperatures exceeding 90°, but 
in our experiments below 350° orientation was confined to a preferential setting of the [111] 
axes of the crystals perpendicular to the rocksalt surface. Above 350°, spots appeared on the 
diffraction rings, indicating that the palladium was orienting itself with respect to the substrate 
lattice. Two types of orientation were observed, in both of which the (001) face of the metal 
was parallel to the (001) face of the rocksalt; they are referred to as types A and B, in which 
the [100] and the [110] axes, respectively, of the metal were parallel to the [110] axis of 
the rocksalt, the latter being the orientation usually observed during the evaporation 
of face-centred cubic metals on to heated rocksalt cleavage surfaces. At 450°, the 
palladium was almost entirely oriented according to type A, the resulting pattern (Fig. 1) 
consisting mainly of spots, the rings now being only faint. Above 450°, type B orientation 
began to displace type A, this displacement being complete at 550° (Fig. 2). Above 
550°, the surface of the rocksalt crystals began to break up, and this effect was sufficiently 
marked even at lower temperatures to make it impossible to secure satisfactory reflection 
patterns of the evaporated palladium before solution of the substrate. It is significant that, in 
those specimens of type A in which the orientation was not perfect, the disorientation took the 
form of a rotation about the [100] axis of the palladium. Thus at 450° the primary tendency is 
for the metal [100] axis to lie parallel to the rocksalt [110] axis; similarly there must be a 
tendency for the [010] and [110] axes of the metal and rocksalt respectively to be parallel, 
and if both conditions are fulfilled simultaneously the observed cube-face orientation results. 
Such disorientation was not observed with specimens showing type B orientation. 

A partial and tentative explanation of the two types of orientation is as follows. If 
a palladium film is evaporated on to cold rocksalt, and the substrate and film are then heated 
together to 550°, the resulting specimen shows no sign of orientation of either type A or B. 
It is clear, therefore, that the substrate can exert an orienting effect only on the nuclei or at the 
most on the very small crystals which later grow into the larger crystals of the final specimen. It 
is suggested that the smallest crystals are most stable in orientation A, whereas slightly larger 
but still extremely small crystals, relatively more mobile at higher temperatures, are more 
stable in orientation B. As may be seen from Fig. 3, a fair correspondence between the metal 
and substrate lattices may be found for small crystals in orientation A, whereas for orientation 
B no such correspondence is possible. Whatever their initial electronic state, the palladium 
atoms will tend to occupy above the unit cells of the rocksalt lattice those positions in which their 
potential energies are least; such positions must have a periodicity similar to that of the 
rocksalt surface, and therefore, by completion of the metal lattice, type A orientation is obtained. 
In particular, positively charged palladium ions will tend to form rows above the negative 
chloride ions of the rocksalt lattice; these rows will be parallel to the [110] axis of the rocksalt 
lattice and will have a unit translation corresponding to the [100] rows of the metal lattice. 
In this way crystals may form with only one direction of orientation. With type A orientation 
however, the ionic attractive and repulsive forces between a complete crystal and the substrate 
must approximately cancel, and the potential energy of such a crystal may be greater than that 
of a crystal in orientation B, for which, as shown in Fig. 3, positions may be found for small 
crystals in which the positively charged palladium ions occur more frequently near the negatively 
charged chloride ions than near the sodium ions. On this view type A orientation only occurs 
because below 450° there is not sufficient relative thermal agitation between crystal and substrate 
to permit displacement of the palladium atoms from their initial positions of least energy, 
probably above the chloride ions. 

Comparison of the streaks and extra diffractions of Figs. 1 and 2 is interesting. Von Laue 
(Ann. Physik, 1936, 26, 55; 1937, 29, 211) has suggested an explanation of such effects in terms 
of the developed forms of the crystals, and if allowance is made for the distortion produced 
in the specimens on solution of the substrates, the theory explains many of the facts observed 
in ourexperiments. Nevertheless, according to the theory, the two patterns should be completely 
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equivalent, whereas in fact many slight but significant differences may be found between them. 
The most obvious difference lies in-:the streaks extending inwards from the 220 diffractions ; 
in type B orientation the streak is a single radial line, but in the original negative of Fig. 1 
(type A orientation) the streak is divided into two curved lines forming an arrowhead pointing 
outwards. It would seem that the streaks in these photographs cannot be explained entirely 
by the external shape of the metal crystals, which is probably similar in the two cases; nor 
does it seem possible to explain the differences in terms of crystal twinning which, as Cochrane 
(Proc. Physical Soc., 1936, 47, 723) and Menzer (Z. Krist., 1938, 99, 410) have shown, may lead 
to extra diffractions. 

It was also possible to prepare single-crystal palladium specimens by evaporation on to the 
cleavage faces of heated sylvine; the orientation was always of type B, and the transmission 
patterns were similar to Fig. 2. Reflection patterns similar to Fig. 4 could be obtained in this case, 
and showed that (001) faces were developed on the outer surfaces of the metal crystals to give 
diffraction streaks perpendicular to the shadow edge on the photograph. The crystals therefore 
consisted of truncated pyramids with faces of the (100) and (111) forms. 
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Type A. Type B. 
DC Sodium. O Chlorine. X Falladium. 


Heat Treatment in Oxygen.—Etched leaf and evaporated palladium specimens could be 
heated in vacuum up to 800° without change in the electron-diffraction patterns; hence, all 
changes observed after heat treatment in gases must be ascribed to gas absorption or chemical 
combination. 

Palladium leaf was heated in oxygen or air at 600° for 15 minutes, and the excess metal 
then dissolved in aqua regia. The resulting palladous oxide gave a pattern (Fig. 5), analysed 
in the table and agreeing with the tetragonal structure suggested by Levi and Fontana (Gazzetta, 
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1936, 56, 388) and by Zachariasen (Z. physikal. Chem., 1927, 128, 412), with a = 2°99 and 
c = 5:20 a. by X-rays, the mean lattice constants found by electron diffraction being a = 3-05 
and c = 5-28 a., referred to palladium with a = 3-894. The intensities of the X-ray diffrac- 
tions in Debye-Scherrer photographs according to the above authors are reproduced in cols. 
4 and 5, and it will be seen that there is but poor agreement between these and the electron- 
diffraction intensities. No explanation can be given for the presence in the electron-diffraction 
patterns of rings not observed with X-rays. 

Etched palladium leaf was partly oxidised in oxygen at 500° and then annealed in vacuum 
at the same temperature. During annealing, considerable orientation took place, and the 
resulting pattern (Fig. 6) showed that the palladium and the palladous oxide each had their 
(001) planes parallel to the specimen plane, their (100) and (110) planes respectively also being 
parallel. This, however, probably represents the orientation of palladium on a palladous 
oxide support rather than the initial orientation of the oxide on the metal lattice. 

A single-crystal palladium film, heated in a vacuum to 600° and oxidised at this temperature 
with air or oxygen, gave a pattern (Fig. 7) which showed that the palladous oxide was strongly 
oriented. The spots of this pattern are due partly to electrons diffracted by unoxidised excess 
palladium, partly to those diffracted by palladous oxide, and partly to those diffracted by each 
substance in turn; the origins of the diffractions may readily be deduced from the radial 
distances. 

The spots of the palladous oxide pattern could be divided into two groups; in different 
patterns the relative intensities of the spots in each group remained substantially constant, 
but in one pattern one group almost entirely disappeared. The former group consisted of 
hkO spots and indicated the existence of oxide in the orientation described above. The latter 
group consisted of many spots of (Ak/) planes and could not be attributed to any single-crystal 
orientation. Moreover, when the specimen was tilted about the palladium [110] axis these 
spots lengthened into arcs and finally into rings; thus the oxide must have had an axis of 
orientation, not at right angles to the specimen plane, but probably parallel to the [110] axis 
of the palladium. 

Since the diffraction pattern must be symmetrical about the projection of the axis of 
orientation on the plate, the latter must coincide with either the [100] or the [110] axis of the 
palladium. Moreover, the angle ¢ between this direction and the radius to the hkl diffraction 
on the plate is given, since the Bragg angle is small, by 


1 dyyi(uh + vk + wi) 
sin 8 © +/Su?a* + 2Zuvab cos y 


where [uvw] is the axis of orientation, which makes an angle 8 with the incident electron beam. 
This equation was solved for v/u, w/u, and 8 by measuring ¢ for the 100, 110, and 001 diffractions. 
Since it was not possible to distinguish between ¢ and 90° — ¢, or between the 110 and 110 
diffractions, four independent solutions were obtained, and for each of these the positions of 
the diffractions of the (111) form were calculated. The only solution affording values of ¢ 
agreeing with those observed was v/u = 0-509, w/u = 0, 8 = 87°. This is equivalent, within 
the experimental error, to an orientation with the [210] axis of the palladous oxide parallel 
to the [110] axis of the palladium. The calculated and the observed values of ¢ for the inner- 
most diffractions are given below : 


Diffraction 100 010 001 110 110 101 011 lll 111 

26-5° 63-5° 90° 18-5° 71-5° 39° 67° 28-5° 73° 

27 63 90 18 72 39-5 63-5 27 72-5 
The palladium spots in these patterns showed that the metal was completely oriented according 
to type A; this could be checked by examination before oxidation, but this procedure led to a 
slight disorientation of the palladium, since several changes of support had to be made. The 
occurrence of only one axis of orientation in the palladous oxide could not be attributed to 
disorientation of the palladium, since the axis of orientation was parallel to the [110] and not 
to the [100] axis of the metal. Moreover, no explanation seems possible in terms of crystal 
twinning. By analogy with the orientation of palladium on rocksalt it would be expected that 
complete orientation should be observed at higher temperatures; at such temperatures, 
however, not only did the rocksalt supports decrepitate, but also palladous oxide itself became 

unstable. 

It is difficult to account for the observed orientations on a basis of lattice distances. For 
instance, in the former type of orientation the lattice constants of the oxide, 3-05 and 5-28 a., 
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bear no relation to the side of the unit cube of the palladium lattice, 3-894 a., or to its face 
diagonal, 2-754 a.; nor can a significant lattice relationship be found for the latter type of 
orientation. By analogy with type A orientation of palladium on sodium chloride, it would be 
anticipated that important rows of oxygen atoms would be parallel to the [210] axis of the 
paHadous oxide lattice.. It is not possible to confirm this, since the positions of the oxygen 
atoms in the palladous oxide lattice have not yet been determined. 

No intermediate stages in the oxidation process could be detected apart from the band 
observed with specimens etched with nitric acid. Comparison with gold of the lattice constant 
of palladium heated in oxygen or hydrogen showed, as would be expected, that in neither case 
was sufficient gas held in solution after evacuation in the electron-diffraction camera to cause 
a detectable expansion (0-01 a.) of the metal lattice. 

Heat Treatment in Hydrogen.—X-Ray work (Owen and Jones, Joc. cit.) has shown that the 
palladium—hydrogen system consists of two face-centred cubic phases with parameters varying 
according to the hydrogen concentration. Electron diffraction cannot be used to study such 
reversible absorption, since the specimens must be examined in a vacuum, but it can be used to 
study the manner of retention of the hydrogen irreversibly absorbed even at very low pressures. 

If a well-oriented palladium specimen is heated to above 500° in 1 atm. of hydrogen, faint 
arcs appear, corresponding to the forbidden 100 and 110 diffractions of palladium, but these 
disappear if the specimen is heated to 600° in a vacuum. With single-crystal specimens this 
process also caused the streaks and extra diffractions to disappear, a fact which indicates that 
recrystallisation had taken place, presumably as a result of a temporary conversion into the 
%-phase. Owen and Jones (Joc. cit.) have shown that palladium is left in a state of considerable 
strain after desorption of hydrogen, but the extra diffractions could not be attributed to this 
cause, since they were absent from patterns obtained after the hydrogenised specimens had 
been floated for a few minutes on a solution of hydrogen peroxide; nor could they have been 
due to repeated diffraction, since for palladium the reciprocal lattice bears the same aspect from 
all lattice points. They must therefore have been caused by absorbed hydrogen. 

On account of its low atomic number, hydrogen as such can exert no appreciable influence 
on the diffraction patterns from palladium specimens, and the extra diffractions must indicate 
some change in the metal lattice itself. The most likely explanation is that palladium atoms 
are absent from statistically distributed points of the lattice and are replaced by ionised hydrogen, 
in a manner analogous to the formation, by electrons, of F-centres in alkali halide crystals; 
in this way faint 100 and 110 diffractions would be produced. The extent of the atom replace- 
ment cannot be deduced from the observed intensities, since these are affected by repeated 
diffraction. It is, however, not suggested that all the hydrogen retained by palladium at low 
pressures is held in this manner; its mobility suggests that much of it is held in solution between 
the atoms of the normal metal lattice, but such dissolved hydrogen could have no appreciable 
effect on the electron-diffraction patterns. 

Similar results have been obtained with platinum, and also with palladium and platinum 
heated in gaseous ammonia; in the latter case the ammonia is doubtless catalytically decomposed 
by the metal. In these two metals, at least, it would seem to be possible for protons to replace 
metal ions in the lattice to some extent. It would be interesting to discover to what extent 
the process may occur with other metals. 


DISCUSSION. 


The causes of the mutual orientation of crystals at high temperatures are but imperfectly 
understood. Royer and others have shown that orientation at low temperatures during 
deposition from solution calls for agreement between the lattice parameters of the crystals 
involved to within 15%, and the results described above would seem to indicate that at 
high temperatures similar causes lead to parallelism between definite axes of the crystals. 
In general, however, orientation at high temperatures is not of this type. Preston and 
Bircumshaw (Phil. Mag., 1936, 21, 713) have suggested that at high temperatures oxides 
grow on metal surfaces with their most densely packed plane in contact with the metal, 
but such a rule seems to be of limited application. Finch (J., 1938, 1137) has suggested 
that equality in the angles between important lattice rows in the deposit and substrate, 
and not similarity in lattice dimensions, is the governing influence in orientation, and this 
rule seems to be obeyed when orientation is complete. For cubic lattices, however, it is 
possible to find many positions which agree with this rule, and it is not always clear which 
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is to be preferred. Energy considerations, such as those discussed above, offer a means of 
approach to this problem, and are implicit in the arguments of Briick and of Menzer (locc. 
cit.) to explain the orientations of metals on rocksalt cleavage surfaces. Following the 
latter author, atomic radii may be used for estimating the forces between metal and substrate 
atoms, but in the actual calculation difficulty arises in the choice of suitable radii. For 
instance, for type B orientation of palladium on rocksalt, if the radii of the palladous and 
the chloride ions are taken as 0-50 and 1-80 4., respectively, the separation of the cube 
faces of the palladium and the rocksalt lattices may be assumed to be 2:30 A. Then, from 
Fig. 3, the nearest approach of palladium and sodium is 2-46 A., which is less than the 
interatomic distance to be expected in an alloy of these metals, where the sum of the radii 
of the atoms, 1-37 and 1-86 A. respectively, is 3-23 A. The objection to such an argument 
is that it is assumed that the palladium and sodium have definite electronic states which 
differ according to the nature of their nearest neighbours. Although mutual influence 
between atoms must occur, it is unlikely that it can be expressed adequately by choice 
of atomic radii as above. In fact, in view of the complicated nature of such surface 
interactions, it does not seem possible to form a quantitative estimate of the potential 
energies of metal crystals on rocksalt surfaces, and more experimental data are necessary 
before a satisfactory theory of orientation can be formed. 
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92. The Formation of Quaternary Ammonium Salts from Dihalogeno- 
paraffins, etc., in Aqueous Acetone Solution. 


By W. Cute Davies, (Miss) ELAINE B. Evans, and F. L. HULBERT. 


The reaction between trimethylamine and methylene, ethylene, and trimethylene 
dibromide in aqueous acetone is bimolecular and leads to the formation of a mono- 
quaternary ammonium salt. When, however, the base is in excess of that required 
for the above reaction, a consecutive reaction leading to the formation of a diquaternary 
ammonium salt proceeds. The formation of the latter salt from the former has been 
separately investigated. The reaction between trimethylene dibromide and tri- 
methylamine has been fully examined, and the velocity coefficient for the primary 
reaction has been obtained corrected for the incidence of the subsequent formation of 
diquaternary salt. The results are compared with the reactivities of other organic 
halides with trimethylamine, and discussed with reference to the mechanism of 
formation of ammonium salts. 


ACCORDING to Schmidt and Litterschied (Annalen, 1904, 337, 67), methylene dibromide 
and di-iodide react with trimethylamine in alcoholic solution at room temperature thus: 
CH,X, + NMe, = CH,X*NMe,}X; at 100°, excess of the amine reacts with methylene 
di-iodide to give the same product, together with formaldehyde and tetramethylammonium 
iodide. Trimethyl-8-bromoethylammonium bromide is obtained from ethylene dibromide 
and aqueous or alcoholic trimethylamine below 50°, but with excess of alcoholic amine 
at 100°, a variety of products, including the mono- and the di-ammonium salt, is obtained 
(Schmidt and Kleine, ibid., p. 81). Lucius (Arch. Pharm., 1907, 245, 246), however, 
obtained triethyl-$-bromoethylammonium bromide and ethylenebistriethylammonium 
bromide from the interaction between triethylamine and ethylene dibromide. The 
mono- and di-ammonium salts were also prepared from the interaction between trimethyl- 
or triethyl-amine and trimethylene dibromide. These results suggest that the formation 
of the diammonium salts from methylene and ethylene dihalides is attended with difficulty. 

The reactions between a number of organic dihalides and trimethylamine have now 
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been studied kinetically, in order to find out the extent of the diammonium salt formation 
and to investigate the factors affecting the formation of quaternary ammonium salts. 
Except for von Braun and Lemke’s semi-quantitative observation (Ber., 1922, 55, 3546) 
that «8-dibromo-A*-butene affords a bistrimethylammonium bromide much more rapidly 
than does «8-dibromobutane, no comparative quantitative measurements have yet been 
carried out on reactions of this type. 


EXPERIMENTAL. 


Maiterials.—The solutions of trimethyl- and triethyl-amine in aqueous acetone were made 
by adding the anhydrous bases to the solvent and checking the concentration by titration with 
standard hydrochloric acid. 

Methylene and ethylene dichloride and dibromide, «8- and «wy-dibromopropane were washed 
with water, treated with calcium chloride, and fractionally distilled. «3-Dibromo-A*-butene 
was readily purified by sublimation at 55°. trans-aB-Di-iodoethylene, obtained from acetylene 
by Biltz’s method (Ber., 1897, 30, 1207), formed colourless crystals from alcohol, m. p. 73°. 

Semenow’s method (Jahresber., 1864, 483) was used to prepare ethylene di-iodide, and the 
alcoholic solution was shaken with a little purified mercury to remove traces of iodine. The 
colourless crystals obtained had m. p. 82°, and as the compound was unstable, it was prepared 
immediately before use. 

Solvent. ‘‘ AnalaR”’ Acetone was purified by the method of Norris and Prentiss (J. Amer. 
Chem. Soc., 1928, 50, 3042), dried over potassium carbonate, and distilled. The aqueous 
acetone was made by diluting 10 vols. of water to 100 vols. with acetone, and had the following 
densities: dj$* 0-8317; di 08098; d#° 0-7983; di 0-7868. 

Quaternary Ammonium Salts.—The following general method was used for the preparation 
of the monoammonium salts from the dihalides: 5 g. of anhydrous trimethylamine were added 
to a cold solution of excess of the organic dihalide (about 40 g.) in 50 c.c. of anhydrous ether. 
The container was then tighly stoppered and set aside for 1 week. The precipitated salt was 
collected on a filter, washed with ether, and recrystallised. Trimethylbromomethylammonium 
btomide melted at 155° (from alcohol) and trimethyl-8-bromoethylammonium bromide at 
243° (decomp.). Trimethyl-y-bromopropylammonium bromide, m. p. 95° (from alcohol- 
ether), appears to suffer some decomposition in boiling alcohol. 

A solution of trimethyl-8-bromoethylammonium bromide in aqueous acetone treated with 
excess trimethylamine gave some ethylenebistrimethylammonium bromide, m. p. 247° (decomp.). 
The products from a similar experiment with trimethylbromomethylammonium bromide 
are being investigated. The purity of all the salts employed was checked by iodide-ion 
determinations. 

Velocity Measurements.—From a knowledge of the density of the solvent at various temper- 
atures, the initial concentrations of the reactants at the temperature at which the reaction 
was conducted were calculated. Equal volumes of the solutions of base and halide were 
transferred to the mixing vessel of an automatic pipette. After thorough mixing, measured 
volumes (5-74 c.c. at 16°, 5-91 c.c. at 35°, 6-01 c.c. at 45°, 6-08 c.c. at 55°) of the reaction mixture 
were run into test-tubes with constricted necks, which were then immediately sealed and placed 
in the thermostat. At convenient intervals a sealed tube was withdrawn, opened, and the 
contents treated in one of the following ways: (i) They were washed with water into 20 c.c. of light 
petroleum, which was then repeatedly extracted with water; the aqueous extract was titrated 
against n/40-silver nitrate, with potassium chromate asindicator. (ii) The contents were washed 
with water into a titration flask, diluted to about 150 c.c., and titrated against standard hydro- 
chloric acid, the indicator being light-filtered methyl-red (1-25 g. of methyl-red and 0-825 g. 
of methylene-blue in 1 1. of 90% alcohol). The reaction-vessel method (Davies and Lewis, J., 
1934, 1599) was also used in the more rapid reactions at 35° and 45°. 

Calculations.—For the complete bimolecular reaction A + B—-> AB, 

kg = [1/(a—b)é)log.b(a — x)/a(b — +), 
where a and 6 are the initial concentrations of A (organic halide) and B (tertiary base), 
respectively, and # is the concentration of AB (ammonium salt) formed after an interval of 
‘mins. Concentrations are expressed in g.-mols./]. at the temperature at which the reaction 
is being carried out. The concentration of ammonium salt formed after ¢ mins. is either 
(i) * = y/40v, where y is the volume (c.c.) of n/40-silver nitrate required by v c.c. of reaction’ 
mixture (contents of a sealed tube, volume measured at the temperature of the experiment), © 
or (ii) = b — z/20v, where z is the volume (c.c.) of N/20-hydrochloric acid required by 
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v c.c. of reaction mixture. In reactions carried out with a large excess of the halide A, k, = 
(1/at)log.b/(b — x). In all except the very slow reactions, where the time of immersion of the 
reaction mixture in the thermostat was taken as the zero time, an initial time correction was 
applied. This was obtained in the usual way from the time-concentration measurements. 

Trimethylamine and Organic Dihalides.—The reaction between ethylene dibromide and 
trimethylamine is bimolecular: CH,Br-CH,Br + NMe, —-> CH,Br-CH,-NMe,}Br. When 
the halide is in excess (Table I), the velocity coefficients obtained by methods (i) and (ii) agree 
closely, showing that secondary reactions are absent. When, however, equivalents of the 
base and halide are taken (Table II, Nos. 2 and 3), the velocity coefficients tend to drift slightly, 
and the mean coefficient obtained by method (ii) is rather higher than that obtained by method 
(i). In No. 5, where the base is in excess, the coefficients drift seriously, and halide ion in excess 
of that required for monoammonium salt formation is ultimately produced. Hence, excess of 
halide is necessary to prevent formation of diammonium salt, Br{NMe,-CH,-CH,*NMe,{Br, 
and if it is in very large excess (Table II, No. 8), the order of the reaction is pseudo-unimolecular, 
constant velocity coefficients being obtained. The mean value of k, is lower than in the other 
cases, probably bacause the solvent, now containing large excess of ethylene dibromide, is 
different. 

Similar results were obtained in the reaction between methylene or trimethylene dibromide 


and trimethylamine (Table III). 
TABLE I. 


Reaction between Ethylene Dibromide (2 Mols.) and Trimethylamine (1 Mol.). 
Temp.: 55°. Solvent: 90% acetone. 
(C,H,Br,]55* = 02290; [NMe,],,° = 0-1145. 
n/20-HCl, n/20-HCI, n/40-AgNO,, n/40-AgNO,, 
#,mins. c.c. 100k,. #,mins. c.c. 100R,. #, mins. Gx. 100R,. ¢, mins. CL. 1 
65 10-45 2-06 285 4-85 2-02 85 7-9 1-86 305 18-5 1 
144 7-9 1-96 327 4-27 2-02 225 15-45 1-88 347 19-5 1 
245 5-49 2-03 371 3-7 2-04 265 17-35 1-99 Mean 100k, = 1 
Mean 100k, = 2-02 


. 
. 


2° 
97 
95 
93 


TABLE II. 


Reaction between Ethylene Dibromide and Trimethylamine. 
Temp.: 55°. Solvent: 90% acetone. 
100k. 100k,. 
re —_— *—_ 
Method Method Method Method 
No. [C,H,Br,] 55°° [NMe;] 55°: (i) . (ii) . No. (C,H,Br,] 55°: [NMe;] 65°° (i) . (ii) . 

0-0712 0-0712 = 2-30 5 0-0703 0-1407 — 4-27—2-76 
0-0882 0-0882 2-17 2-51 6 0-2806 0-1409 — 2-01 
0-1763 0-1763 2-00 2-36 7 0-2290 0-1145 1-93 2-02 
0-3038 0-3038 a= 2-14 8 1-827 0-1762 1-25 1-38 


TABLE III. 


Reactions between Trimethylamine and Methylene, Ethylene, and Trimethylene Dibromides. 
Summary of Results in 90% Acetone. 
Methylene dibromide. 
Temp. [Bromide]e. [NMeg]le. &, x 10°. Temp. ([Bromide]e. [NMes]-. 
35° 0-0694 0-1502 4-2 * 45° 0-1131 0-1131 
45 1-470 0-1457 7-42 55 0-1407 0-1407 
, Ethylene dibromide. 


1-471 0-1472 3°51 45 1-456 0-1457 
0-0871 0-0870 5-6 a 0-1467 0-1467 
0-07494 0-1502 5-6 * 


Trimethylene dibromide. 


100k. 
0-1446 3-1—4:8 45 
0-1147 2-79 ” 
55 


* Slight drift. 
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The reaction between triethylamine and ethylene dibromide was too slow to be convenient 
for detailed study, but at 35°, 0-1458N- and 1-461N-solutions, respectively, gave 100 k, = 0-0107 
by method (ii), showing that the reaction mechanism is similar; there was a slight downward 
drift in the velocity coefficients. 

Reaction between the solvent and the organic halides was negligible under the conditions 
of the kinetic measurements. 

Trimethylamine and the Monoammonium Salts derived from Organic Dihalides.—Both 
trimethyl-bromomethyl- and -8-bromoethyl-ammonium bromides reacted with trimethylamine. 
The rate was slow, and the bimolecular velocity coefficients drifted slightly. Trimethylamine 
reacted more readily with trimethyl-y-bromopropylammonium bromide. The bimolecular 
velocity coefficients were constant over the greater part of the reaction. Table IV gives a 
detailed example and a summary of the results obtained. 


TABLE IV. 


Reaction between Trimethylamine and Trimethyl-8-bromoethylammonium Bromide. 
Temp.: 55°. Solvent: 90% acetone. 
[Br-(CH,),"NMe,Br],5° = 0-0827; [NMe,],,° = 0-0973. 
b, MIR, nic cevacessscinecs 356 1367 2816 4243 5674 8563 11456 18658 


N/20-HC1, C.c. .....000+ 10-04 8-38 6-81 5-85 5-15 4-11 3-43 2-50 
3-76 3-38 3-22 3-14 3-22 3-37 3-95 


Summary of Results. 
Temp. [Br-(CH,)."NMe,Br]e. [NMes]e. &X10%. Temp. [Br-(CH,),*>NMe,Br]~e. [NMeg]e. & x 10°. 
35° 0-0851 0-100 0-6 35° 0-1124 0-1128 ; 
[Br-CH,"NMe,Br]¢. 55 0-1111 
55 0-107 0-107 3-2 
Reaction of Trimethylene Dibromide with Trimethylamine.—This reaction is a convenient 
one in which to investigate more thoroughly the effect of excess of base, since both halogen atoms 
are readily attacked and the rate of formation of the di- from the mono-ammonium salt can be 
accurately measured. Ritchie’s formula (J., 1931, 3112) for the saponification of di-esters 
can be applied to the determination of the rate of formation of the monoammonium salt, 
corrected for that of diammonium salt. Let the velocity coefficient for the primary reaction 
be &,’, that for the secondary reaction k,”’, and the initial concentrations of dibromide and 
base be a and b g.-mols./1. respectively. Then, if w is the concentration of base used in ¢ mins., 


we have 
2a — w —[(1 — m)/kg'"(b — w)]dw/dt = am [| l Pee) — (28 — w) |" 


where m = (k,’ — k,’’)/k,’. The values of m at each value of ¢ can be found as follows. 
Experimental values of w [from method (ii)] are plotted against #, so that dw/dé can be obtained 
for any value of ¢. There is a slight uncertainty in the value of dw/dt so obtained. For a 
given value of w and the corresponding value of dw/d?, the left-hand side of the equation is 
plotted for different values of m, giving a straight line. The right-hand side is plotted similarly 
and is represented by acurve. The intersection (other than that at m = 0) gives the required 
value of m, and hence of k,’, for k,’’ is accurately known from a separate experiment. 


TABLE V. 


Reaction between Trimethylamine and Trimethylene Dibromide. 
Temp. : 35°. Solvent: 90% acetone. 
a = 0-12; b = 0-145 (at 35°); hy” = 2-4 x 10°. 
1008,’. 1002,’. 


t, —V—eee t, =r 
mins. w. 10%dw/dt. m. Corr. Uncorr. mins. w. 10%dw/dt. m. Corr. Uncorr. 
60 00258 351 0-065 2-57 3-07 210 00673 205 0-056 2-54 3-79 
90 0-0354 314 0-048 2-52 3:10 255 0-0754 175 0-038 2-50 4-02 
130 0-0472 279 0-067 2-57 3-16 325 0-0862 140 0-030 2-47 4-49 

Mean 100k,’ = 2-53 


Table V shows that this correction of the coefficients obtained by the ordinary bimolecular 
formula affords constant velocity coefficients for the monoammonium salt formation. The mean 
value of k,’ (corr.), 2-53 x 10-*, is in tolerable agreement with the mean bimolecular velocity 
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coefficient obtained in the reaction between 1 mol. of base and 2 mols. of dibromide, viz., 
2-79 x 10-*, where the formation of the diammonium salt is sufficiently repressed to yield 
constant bimolecular velocity coefficients. 

Reactions between Trimethylamine and Organic Chlorides—Vincent and Chappuis (Bull. 
Soc. chim., 1886, 45, 502) showed that trimethylamine combined with methyl] chloride to give 
tetramethylammonium chloride. Other organic chlorides, with the possible exception of 
allyl chloride, are not very reactive towards tertiary bases in solution (Menschutkin, Z. physikal. 
Chem., 1890, 5, 589). We have now followed the course of the reaction between several organic 
chlorides (in great excess) and trimethylamine in aqueous acetone, and shown that a reaction 
of bimolecular mechanism takes place. 


Reaction between Organic Chlorides and Trimethylamine. 


Solvent : 90% acetone. Temp.: 55°. 
Mean k, X 104. 


a. b. Method (i). Method (ii). 
Ethyl chloride 1-434 0-1405 —_ 29-2 
Methylene dichloride 1-435 0-1428 6-08 6-06 
Ethylene dichloride 1-430 90-1430 _- 2-80 

The velocity coefficients obtained were satisfactorily constant over the greater part of the 
reaction. There was a tendency for a slight drift in the coefficients in the case of methylene 
dichloride, but the similarity of the results obtained by the two methods of titration led to the 
conclusion that secondary reactions are of minor importance. 

When trimethylamine and excess of methylene or ethylene dichloride were mixed in ether, 
a small quantity of a white precipitate was formed in about 1 week. These products, especially 
that from methylene dichloride, were very hygroscopic, and determinations of halide ion, 
although low, left no doubt that they were trimethyl-chloromethyl- and -§-chloroethy]l- 
ammonium chlorides, respectively. 

Reactions between Ethylene Di-iodide and Trimethylamine.—In our usual procedure, the 
rapidity of the salt-forming reactions and the separation of iodine prevented a full examination. 
Although iodine separates slowly from solutions of ethylene di-iodide in aquecus acetone, the 
presence of trimethylamine promotes this change (Slator, J., 1904, 85, 1697, found that the 
dissociation C,H,I, == C,H, + I, was catalysed by iodide ion). We believe that there are 
two fast, consecutive reactions leading to the formation of the mono- and di-ammonium iodides, 
as well as the catalysed dissociation. 

The Reaction of Trimethylamine with af-Dibromopropane.—Roth (Ber., 1881, 14, 1351) 
stated that «$-dibromopropane did not react with trimethylamine, but Schmidt and Kleine 
(loc. cit.) obtained «a-bromo-A*-propylene, trimethyl-A*-propenylammonium bromide, and 
dimethylamine and trimethylamine hydrobromides when the reactants were heated in alcoholic 
solution for 6 hours at 100°. In our investigation of the reaction at 55° in 90% acetone between 
trimethylamine (0-1407 g.-mol./l.) and «$-dibromopropane (0-1118 g.-mol./l.), the bimolecular 
velocity coefficients were reasonably constant over a large part of the reaction at a mean value 
of k, X 10° = 1-73, but the initial values were high. 

When a mixture of the dibromide, in excess, and trimethylamine with no solvent was kept 
for several days, a solid separated. The substance, m. p. 245—247° (decomp.), is difficult to 
recrystallise, since it is decomposed by boiling with alcohol. The bromide-ion content (Found : 
Br’, 32-5%) indicated that the salt was either (I) or (II) (Calc.: Br’, 30-6%), and not a salt 
in which elimination of a molecule of hydrogen bromide had taken place. 


(I) CH,*CHBr-CH,-NMe,}Br CH,Br-CHMe:NMe,}Br_ (II) 


It is concluded that primarily «$-dibromopropane reacts normally with trimethylamine, 
but the salts formed may readily lose hydrogen bromide and undergo other transformations, 
especially at higher temperatures in alcohol. 

Reactions of Trimethylamine with some Unsaturated Organic Halides.—No trace of precipitate 
appeared in sealed tubes containing trimethylamine and excess of vinyl bromide or tvans-«f-di- 
iodoethylene diluted with ether and kept for several months. In addition, a mixture of the 
tertiary base and di-iodoethylene in aqueous acetone kept at 55° gave no indication of iodide 
ion and there was no decrease in the trimethylamine content at the end of 10 days. In approxi- 
mately 3 minutes all the base had reacted in an equimolar mixture of trimethylamine and 
a8-dibromo-A*-butene (0-073 g.-mol./l.) in aqueous acetone at room temperature. A corres- 
ponding amount of bromide ion was produced. Separation of crystalline salt from the mixture 
during reaction prevented the calculation of accurate velocity coefficients. 
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DISCUSSION. 


~ 


The principal results we have obtained regarding the reactivities of organic halides 
towards trimethylamine are summarised below, the reaction of only one of the halogen 
atoms (*) being considered. 


C,H, Cl) Cl-CH,Cl ) C-CH,°CH,C1 

CH,Br ) Br-CH,Br ~ Br-CH,:CH,Br 
Br-CH,-CH,°CH,Br ) Br-CH,CH,Br 
Br-CH,:CH,Br ) Br{NMe,-CH,CH,Br 
Br{NMe,°CH,°CH,°CH,Br ) Br{NMe,CH,-CH,Br 
Br-CH,-CH,°CH,Br = Br{NMe,CH,°CH,*CH, Br 


Two factors (Baker, J., 1932, 1148, and succeeding papers) affect the velocity of forma- 

tion of an ammonium salt: (a) anionisation of the halogen atom of 

Hal the organic halide, facilitated by an electron accession to the halogen, 

of and (b) the co-ordination of the base by means of its unshared electrons 

CH ie. ‘NR, to the methylene group of the organic halide, facilitated by an electron 

° 3 recession from the halogen. These are depicted in (III). Although 

R (in) the formation of the salt requires the completion of the cycle, it can 

be considered that the initiation of the cycle depends on either of the 

factors (a) or (b). Substituents in the organic halide determine the probability of 
initiation by (a) or (0). 

The halogens have complex polar effects, — J, + M. In the methylene dihalides the 


[™ (™ 

+ M effect, which increases the ease of anionisation of chlorine, may operate, C-—-CH,—Cl, 
as well as the inductive attractive effect Cl<CH,—Cl. In the ethylene dihalides, 
however, the former effect is excluded because of the intercalation of the saturated carbon 
atom. The greater speed of reaction with trimethylamine of methylene dichloride than 
of ethylene dichloride (the dibromides are of almost equal reactivity) is, therefore, to be 
expected. 

On comparing ethylene and trimethylene dibromides it will be Seen that removal of one 
bromine atom from the other reacting bromine, with a consequent diminution of the 
attraction ( — J) of the one for the other, increases reactivity. Substitution of the strongly 


+ 

attractive ( — J) group NMe, for Br further decreases reactivity in the ethylene derivatives. 
It will be noted that, whereas the first halogen in ethylene dibromide is replaced much 
more readily than the second in the monoammonium salt produced, yet in trimethylene 
dibromide the diammonium salt is produced as readily as the monoammonium salt. This 


+ 
is due to the greater damping out of the polar effect of the halogen or NMe, group as it is 
moved further away from the reaction centre. Electronic effects ( — J in these cases) 
can be transmitted through only two saturated carbon atoms at the most, and it would be 
expected, therefore, that the attractive electronic effect of CH,Br-CH,- would be less than 


that of NMe,CH,CH,-, whereas the attractive effects of CH,BrCH,-CH,- and 


+ 
NMe,°CH,°CH,°CH,— would be approximately equal. 

Consideration of these results indicates that initiation of the electron cycle leading to 
ammonium-salt formation depends on factor (a). 

Vinyl bromide and trans-«$-di-iodoethylene are both highly unreactive towards tertiary 
bases, whereas the related compounds, allyl bromide and «8-dibromo-A*-butene, are 
very reactive (towards dimethylaniline, allyl iodide is more reactive than methyl iodide ; 
Preston and Jones, J., 1912, 101, 1930). The vinyl group is considered to have an intrinsic 
attraction for electrons ( — J), as well as a possibility when it is in a conjugate system 
of an electronic displacement ( + 7) (see Dippy, J., 1937, 1008). The non-activity of the 
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first two compounds is, therefore, due to electron movements (IV) retarding anionisation 
of the halogen. Phase (V) is less important. With allyl bromide (and a8-dibromo-A?- 


Br I Br 
«| yy) | \2 | " 
HC <— :NMe, HC <— :NMe, Hes 


cll Iv 
H, L-CH CH, 
(IV.) (V.) 


butene) either of the movements (VI) or (VII) could take place. In (VI) there would have 
to be a change in the mechanism of the initiation of the cycle leading to formation of the 
salt, to factor (0). 


ty Ss 
CH,=CH<CH,—Br . CH,=CH—CH,—Br 
(VI.) aN (VIT.) 
NMe, NMe, 


The effect of alkyl groups on the speed of the reactions between p-substituted benzyl 
halides and pyridine (Baker and Nathan, J., 1935, 1844) and of #-alkyldimethylanilines 
with methyl iodide (Davies and Hulbert, J. Soc. Chem. Ind., 1938, 57, 349; J., 1938, 1865), 
where steric effects can be deemed unimportant, is similar to that found with the reaction 
between alkyl halides and trimethylamine (Me>Et>Pr*). Theoretical considerations 
advanced for the former examples could, therefore, be applied to the simple alkyl halides. 
An explanation frequently given for this order of the alkyl groups in the reactions of the 
alkv! halides depends on the steric effects of the groups (see, ¢.g., Vavon, Bull. Soc. chim., 
1931, 49, 979). Although the present work has not decisively shown the absence of steric 
effects in the reactions being considered, yet it has been demonstrated that the experimental 
results can be adequately explained by considering the operation of polar effects alone. 

Energy of Activation and Probability Factor.—Values of E and log,)>PZ, derived from the 
Arrhenius equation & (time in secs.) = PZe~*/®7, are given in Table VI. These values 
are probably not highly accurate, but they give some useful indications. 


TABLE VI. 
Formation of Monoammonium Salts from Trimethylamine and Dibromides. 
E, kg.-cals. logy)PZ. E, kg.-cals. log,)PZ. 
(1) CH,Br, . 7:3 (3) CH,Br-CH,-CH,Br 6-8 
(2) CH,Br-CH,Br . 5-0 


Formation of Diammonium Salts from Bromo-substituted Monoammonium Salis. 
(4) CH,Br-CH,-NMe,Br 18-3 8-0 (5) CH,Br-CH,-CH,-NMe,Br 12-5 5-5 


Winkler and Hinshelwood (J., 1935, 1147) showed that, in the reaction of trimethyl- 
amine with alkyl halides, the order of increasing E and of decreasing rate of reaction was 
MeHal, EtHal, Pr®Hal. The increase in E may be attributed to increasing strength of 
the C—Hal bond, which might be expected if the initiating factor is a, and the total 
electronic effect of the alkyl groups is in the order Me>Et>Pr®. On the other hand, 
the increase in E might be due to steric hindrance, but the results in Table VI do not 
support this view. . The increase in E from (1) or (2) to (4) can be attributed to strengthening 

+ 


of the C—Hal bond in (4) by substitution of NMe, for Br. The greater similarity of the 


+ 
E values for (3) and (5) is to be expected, for now, the substituents Br and NMe, have 
less effect on the strength of the C—Hal bond. Comparing (1) and (2), the fall in E is to 
be expected from the weakening of the electronic effect of the one halogen on the other in 
(2). A similar explanation serves for the decrease in E in passing from (4) to (5). 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, January 3rd, 1939.] 
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93. Studies in the Diazotisation and Nitrosation of Amines. Part III. 
Some Aromatic Amine Nitrites and their Decomposition. 


By J. CAMPBELL EARL and CLEMENT H. LAURENCE. 


Several aromatic amine nitrites have been prepared and their decomposition studied. 
In the crystalline state and in aqueous solution, decomposition appears to lead to the 
same products in approximately the same proportions. In methanol the decomposition 
appears to be a second-order reaction, but in view of the possibilities of simultaneous 
reactions taking place, a cautious interpretation of the observations is necessary. 


AT temperatures below 0°, aniline nitrite can be isolated in a crystalline condition, but 
it decomposes fairly rapidly (J., 1937, 1129). A number of other aromatic amine nitrites 
have now been prepared and studied. Most of them are sparingly soluble in water at 
0° but dissolve readily in ether, so the method of preparation already described for aniline 
nitrite is fairly generally applicable. Of the amines used, aniline, #-toluidine, and 
p-phenetidine yielded nitrites sufficiently stable for study; #-chloroaniline nitrite decom- 
posed rapidly, but the products of decomposition were ‘easily isolated. #-Anisidine 
nitrite was more soluble in water than the others but could be partly extracted from the 
aqueous solution with ether. $-Naphthylamine nitrite was apparently formed, but 
decomposed so rapidly that it could not be isolated. 

A study of these nitrites showed (i) that the solids decompose similarly to aniline 
nitrite, a diazoamino-compound and a water-soluble diazo-compound which couples with 
alkaline @-naphthol being formed; (ii) that decomposition in aqueous solution leads to 
similar products in about the same proportions, as follows : 


Decompn. of crystalline product. Decompn. in aqueous solution. 
Percentage of base isolated as Percentage of base isolated as 
diazoamino- sol. diazo- diazoamino- sol. diazo- 

compd. compd. compd. compd. 

p-Toluidine 71-5 21-7 65 23-8 

p-Phenetidine 62-7 22-9 61-9 25-4 

p-Chloroaniline 80 4-6 72°8 7-4 

The nitrites of methylaniline and N-methyl-p-toluidine were also prepared ; on standing, 
they soon changed into the corresponding N-nitroso-compounds. 

In order to gain further information as to the mechanism of the decomposition of these 
nitrites, their behaviour in methanol solution was studied quantitatively. At stated 
intervals the amount of sodium nitrite obtained by treating measured quantities of the 
solution with sodium hydroxide or carbonate was determined, the amount of undecomposed 
amine nitrite being then calculated. For the nitrites of both p-toluidine and N-methyl-f- 
toluidine the reaction was of the second order, the values of k = x/ta(a — x) being as 
follows : 

TRI BBR. 65s bso cscscnccnesecvvcceses 1 2 3 4 6 
p-Toluidine nitrite,* g. ......... “ 2-70 2-02 1-65 1-40 . 1-02 
1082 1-75 1-91 1-89 1-87 : 1-99 
N-Methyl-p-toluidine 

EE Bi anieteianetnenegpress 194 158 132 114° 1: 0-92 0- 0-76 

k 213 204 206 204 2 1-94 1- 1-93 

* Calculated as undecomposed amine nitrite; smoothed values from curve. 


So many factors may be at work simultaneously in the reaction mixture, however, 
that the order of reaction may have but little significance. Presumably an intramolecular 
change in the amine nitrite molecule is definitely excluded. The reaction must be between 
ions or molecules produced from the amine nitrite when it dissolves in methanol. Possible 
reactants are nitrous acid, free amine, substituted ammonium ions, hydrogen ions, and 
nitrite ions. Of these, nitrous acid will react with methanol to form methyl nitrite. The 
apparently second-order character of the amine nitrite decomposition, therefore, is not a 
sufficiently sound basis for a rigid interpretation of the mechanism of the reaction and can 
only be used in conjunction with evidence of a different character which is now being 
obtained. 
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EXPERIMENTAL 


Preparation of the Nitrites —The method employed in all cases was substantially that described 
for aniline nitrite (loc. cit.). One preparation of p-toluidine nitrite was made expressly for 
determining the nitrous acid/base ratio, the freshly prepared material being decomposed by 
sodium hydroxide solution immediately after removal of the ether, and the amount of sodium 
nitrite and toluidine determined (Found: #-toluidine, 1-351 g.; HNO,, 0-613 g. Calc. for 
decomposition of 1-964 g. of p-toluidine nitrite: -toluidine, 1-365 g.; HNO,, 0-599 g.). 

Decomposition of the Nitrites in the Crystalline State and in Aqueous Solution.—Some of the 
nitrites decomposed more rapidly than others. For example, when the ethereal solution of 
p-chloroaniline nitrite was first prepared it was yellow, and when the ether had been evaporated, 
only a small proportion of the residue was soluble in water, most of it being pp’-dichlorodiazo- 
aminobenzene (m. p. 123°). On the other hand, the nitrites of aniline and p-toluidine when 
freshly prepared dissolved completely in water. For the determination of the ratio of diazo- 
amino-compound to water-soluble diazo-compound the conditions had to be slightly modified 
for each particular case. The procedure used for p-toluidine nitrite is here described. 

(1) A sample of the nitrite, freshly prepared from 2 g. of p-toluidine hydrochloride, was kept 
at 0° for 2hours. Extraction with water then left 1-12 g., m. p. 113° (pp’-dimethyldiazoamino- 
benzene melts at 119°). A portion (40 ml.) of the aqueous solution (total volume, 139 ml.) 
was introduced into an alkaline solution of 8-naphthol, the precipitated tolueneazo-$-naphthol 
being filtered off, washed, and weighed (0-228 g.; m. p. 133—134° after recrystallisation). 
From this experiment, 71-5% of the original toluidine hydrochloride was accounted for as 
diazoamino-compound and 21-7% as water-soluble diazo-compound. (2) Another sample 
of freshly prepared nitrite was dissolved in water at 20° and stirred for lhour. The precipitated 
diazoamino-compound (1-02 g., m. p. 114°) was filtered off, and a measured part (25 ml. of the 
filtrate; total volume 134 ml.) run into alkaline B-naphthol. The precipitate was filtered 
off, washed, and dried (0-163 g.). Of the original toluidine hydrochloride, therefore, 65% 
was accounted for as diazoamino-compound and 23-8% as soluble diazo-compound. 

Decomposition of Nitrites of p-Toluidine and N-Methyl-p-toluidine in Methanol Solution.— 
p-Toluidine. The nitrite from approximately 4 g. of p-toluidine hydrochloride was dissolved 
in 200 ml. of methanol at 25°, and the solution placed in a thermostat at 25°. At intervals, 
10 ml. of the solution were withdrawn, run into a solution of sodium hydroxide (1 g. in 60 ml. 
water), and kept for 15 minutes. The precipitate was filtered off and washed with water, 
the filtrate and washings being placed in a flask, and a current of steam passed through them for 
30 minutes. The solution was then made up to 250 c.c. and titrated against a standard 
permanganate solution (25 ml. of n/100-KMnO, + 5 ml. of concentrated sulphuric acid at 50°). 
The quantities of nitrite found by these titrations were plotted against the duration of the reaction 
at the time of withdrawing the sample. From the curve, smoothed values were obtained for 
the calculation of the velocity constant. 

N-Methyl-p-toluidine. The nitrite from 3 g. of hydrochloride was dissolved in methanol 
(100 ml.) at 15°, and maintained at that temperature in a thermostat. At hourly intervals, 
samples of 10 ml. were withdrawn, added to a solution of sodium carbonate (1 g. in 60 ml. of 
water), and the solution extracted with benzene (30 ml.). The aqueous layer was run into a 
graduated flask, and the benzene washed with water, the washings also being run into the 
graduated flask. The volume was then made up to 250 ml., the solution being titrated against 
permanganate as before. Smoothed values from a graph were used for calculating the velocity 
constant. 


The authors’ thanks are due to Dr. T. Iredale for advice, and to Timbrol Ltd. for a scholarship 
awarded to one of them (C. H. L.). 


THe University, SypNry, N.S.W. [Received, January 16th, 1939.) 





94. Mesomorphism and Polymorphism of Some p-Alkoxybenzoic 
and p-Alkoxycinnamic Acids. 
G. M. BENNETT and BRYNMOR JONES. 


The seven alkoxybenzoic acids which had previously been observed to give turbid 
melts (J., 1929, 2660; 1935, 1874) have now been examined in polarised light, together 
with three further members of the -alkoxybenzoic acid series and eight homologous 
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p-alkoxycinnamic acids. The types of mesomorphic form are described, and the 
transition temperatures have been found, with respect both to the mesomorphism and to 
polymorphism which occurs in the solids. The variation of the mesomorphism in the 
two homologous series is discussed, and compared with that shown by the cholesteryl 
esters. p-Propoxybenzoic acid has the simplest structure of any substance in which 
a mesomorphic form has been observed. The mesomorphism must be due to the 
association of the acid in doubled molecules, which must therefore have a strictly linear 
structure. 


THE occurrence of mesomorphism in some #-alkoxybenzoic acids was recently reported 
(J., 1929, 2660; 1935, 1874), the phenomenon having been detected from the formation of 
a cloudy melt clearing at a definite upper transition temperature in each case. We have 
now amplified these observations in two respects: an extended series of both p-alkoxy- 
benzoic and #-alkoxycinnamic acids has been prepared; and the substances have been 
examined in detail in polarised light. The nature of the phenomenon has been confirmed 
and the types of mesomorphic form are now recorded. The various transition temperatures 
have been determined, including several relating to polymorphism of the solids. 

As regards the solids, polymorphism is found in only one of the cinnamic acids examined, 
namely, p-hexyloxycinnamic acid, the second form of which is monotropic. Six of the 
benzoic acids are polymorphic. #-Propoxy-, p-heptyloxy-, and p-decyloxy-benzoic acids 
are dimorphic, the second form being enantiotropic; p-nonyloxy- and p-dodecyloxy-benzoic 
acids are dimorphic, the second form being monotropic; and #-octyloxybenzoic acid shows 
trimorphism in the solid state, one form being monotropic, the others enantiotropic. 

In the substituted cinnamic acid series the -methoxy-, -ethoxy-, -propoxy-, and -but- 
oxy-acids had been examined by Stoermer (Ber., 1911, 44, 637) and Stoermer and Wodarg 
(Ber., 1928, 61, 2323), who showed that mesomorphism occurs in the trans-acids but not 
in the cis-isomerides, into which they are converted by ultra-violet light. These authors 
had difficulty in preparing -cetyloxycinnamic acid, which they describe as melting at 
200—202° with decomposition and with no sign of mesomorphism. Using our usual 
method of preparation, we have isolated this acid and find that it melts at 132°, above which 
it exists in both smectic and nematic forms and becomes amorphous at 158°. These facts 
disprove the contention of Stoermer and Wodarg that mesomorphism is suppressed by 
extending the alkyl chain to cetyl. We have not ourselves prepared and examined the 
cis-isomerides of our acids, as there can be no doubt of the validity of the view that such 
substances cannot give rise to mesomorphs. It was, however, noticed that a specimen of 
cetyloxycinnamic acid, after prolonged exposure of a thin film of the solid to daylight, 
melted without yielding any mesomorphic form, and a similar observation was made with 
two other of the cinnamic acids. It seems possible that some conversion into the cis-iso- 
merides may have taken place under these conditions. 

The occurrence and range of existence of the mesomorphic forms in these two series of 
acids are represented graphically in the figure. The general trend in the two series is 
similar, and the chief points of difference may be regarded as arising from the relatively 
high temperatures at which some of the acids melt. Thus the range of existence of the 
mesomorphic forms is generally wider in the benzoic acid series, but this is clearly an ex- 
tension further downwards in the temperature scale in the one set: the relatively high melt- 
ing points of the cinnamic acids cut off, as it were, the lower region of possible existence of 
mesomorphic forms of these substances. In the same way the fact that p-methoxy- 
and -ethoxy-benzoic acids give no mesomorphic form may be attributed to the higher 
melting points (184° and 195°) of the solids in these two acids, and this is definitely confirmed 
by the observation that a nematic liquid is at once produced when a mixture of the two 
acids is melted. 

In his important paper on the mesomorphic state, Friedel (Ann. Physique, 1922, 18, 
273) discussed the variation of the mesomorphism in the homologous series of cholesteryl 
esters of the saturated fatty acids, of which he examined ten. In this series he found that 
the first four (formate to butyrate) gave a nematic cholesteric form, which in the formate 
and acetate was monotropic. The esters from the acids of 8, 9, 10, 12, and 14 carbon 
atoms (octoate to myristate) existed in both nematic and smectic meso-forms, the tem- 


FF 
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perature range of the smectic form increasing as the series was ascended, whilst that of the 
nematic form diminished. The stearate, however, gave only a smectic form, and this was 
monotropic. Friedel concluded that the nematic form occurs when the cholesterol is the 
dominant part of the structure, but the smectic form when the fatty acid becomes more 
important. No other series was then available for comparison. 

The two new series represented in the figure reveal similar tendencies. In each series 
the nematic form is found in the lower members, its range of existence increasing as the 
alkyl group grows, particularly up to amyl and hexyl. At a later point in the series, but 
earlier in the benzoic than in the cinnamic acid series, for the reasons mentioned above, a 
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Number of carbon atoms in the alkyl group. 





Melting points and liquid transition temperatures of : 1, p-alkoxybenzoic acids ; II, p-alkoxycinnamic acids. 
@ = solid—liquid transition point; © = point of transition from nematic into tsotropic liquid ; 
® = point a transition from smectic into nematic form. 


smectic form appears and becomes increasingly important at the expense of the nematic 
form. The decyléxycinnamic acid is the first to give the two enantiotropic meso-forms, 
but a monotropic smectic form appears in the preceding nonyloxycinnamic acid. Here, 
then, as in the series of cholesteryl esters, we have the smectic form developing the more 
as the long alkyl chain, with its greater freedom of rotation and bending, becomes relatively 
more important in the structure. 

A point of special interest is the fact that -propoxybenzoic acid has the simplest 
molecular structure yet found to yield a mesomorphic form. Most of the best known 
mesomorphicsubstances have at least two aromatic nuclei linked together and p-substituted. 
The existence of the mesomorphic form of this simple monosubstituted benzoic acid can 
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only be explained on the assumption that it is the doubled molecules of the acid which are 
concerned. When these are formulated as suggested by Sidgwick (Amn. Reports, 1933, 30, 
115; compare Latimer and Rodebush, J. Amer. Chem. Soc., 1920, 42, 1419) and as confirmed 
for the case of formic acid by Pauling and Brockway (Proc. Nat. Acad. Sci., 1934, 20, 336) 
the molecule (I) is seen to be of similar size and shape to that of a typical nematic substance 


such as azoxyanisole (IT). 


O 
0-+H—0 n 
Va B — 
Prog ae ec ort MeO¢ >-N=N- OMe 
(I.) (II.) 


Further support to this conception is afforded by the fact that the methyl ester of prop- 
oxybenzoic acid, which we have examined, has a low melting point (15°; compare Cohen 
and Dudley, J., 1910, 97, 1732) but shows no sign of mesomorphism. This was to be 
expected, as the ester will have no tendency to association. In view of the work of Vor- 
lander on the structural features necessary for the occurrence of double refraction in a 
liquid, the nematic melt from #-propoxybenzoic acid must be regarded as conclusive 
evidence that the arrangement of the two benzene nuclei in the double molecule is strictly 
linear. Vorlander himself observed that the methyl and ethy] esters of -methoxycinnamic 
acid melt to isotropic liquids : he also reported, on the other hand, that anisic acid can be 
made to show double refraction in the liquid state by adding certain other acids to the 
melt (Ber., 1906, 39, 803; 1907, 40, 1966). He does not appear, however, to have provided 
the explanation of these facts. 

EXPERIMENTAL. 


Preparation of the Alkoxy-benzoic and -cinnamic Acids.—These acids were prepared in all 
cases from the respective hydroxy-acid as described previously (Jones, J., 1935, 1874) with the 
addition of alcohol to the reaction mixture, subsequently removed by evaporation before the 
acid was isolated by precipitation. The cinnamic acids were recrystallised at least twice and 
the benzoic acids thrice from glacial acetic acid. The acids previously described in the benzoic 
series were p-methoxy- to p-octyloxy-, inclusive, and p-cetyloxybenzoic acid. In the cinnamic 
acid series the ~-methoxy-acid is well known and the p-ethoxy-, p-n-propoxy-, p-n-butoxy-, 
and p-isobutoxy-acids were described by Stoermer and Wodarg (loc. cit.). 

Examination of the Substances in Polarised Light-—Each specimen was melted on a micro- 
scope slide and examined between crossed Nicols under the microscope while it cooled, the 
experiment being repeated a number of times. In some cases rapid cooling caused the transitory 
appearance of a labile liquid or solid form. In order to test whether each form was monotropic 
or enantiotropic, a simple device for heating the specimen on the microscope stage was used. 
This consisted of a stout copper strip having a flat box-cavity at one end, into which the micro- 
scope slide could be inserted, with small observation holes above and below to allow light to pass 
through both strip and specimen for purposes of observation. The outside of the strip was 
thermally insulated with thin asbestos sheet except at the end opposite to that containing the 
specimen. This exposed end projected over the edge of the microscope stage and was heated 
by means of a micro-burner as required. This device made it easy to study each transition in 
both directions and so to determine whether it was enantiotropic or not. Temperatures could 
not be determined with this heater, but an indication was usually obtained of the relative ranges 
of stability of the successive phases. 

Observations of Transition Temperatures.—Measurements of the solid—liquid and liquid— 
liquid transition temperatures were made as before by observing the substance in a melting- 
point capillary heated in a well-stirred paraffin bath. The transition from smectic to nematic 
form involved a visible change of opacity and a great increase in fluidity: if the material had 
not been closely packed into the capillary, the transition in question was marked by the flowing 
of the viscous drops adhering to the walls of the tube. The change was also viewed in polarised 
light by means of polaroid discs. Temperatures have been corrected for exposed stem and 
should be subject to an error of not more than 1°. (In the previous paper, J., 1935, 1874, the 
temperature data for the first two acids were corrected, the remainder uncorrected : they have 


all now been redetermined.) 
With only small amounts of the substances available, no attempt could be made to determine 
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the solid—solid transition temperatures by observing arrests in cooling curves, but the following 
method was adopted. The substance was melted on a small strip of microscope slide (1 cm. x 
3 cm.) and covered with a piece of cover-slip. Any solid-solid transformation could be seen 
with the naked eye as a wave of change in opacity which passed across the specimen. The 
specimen so mounted was lowered by means of a thread into a test-tube serving as an inner air- 
bath surrounded by the heated oil-bath. The bulb of a thermometer was next to the specimen, 
and the upper end of the test-tube was closed with a cotton-wool plug. The temperature of the 
bath was now slowly raised, and the specimen from time to time suddenly removed, placed on 
a cold slab, and examined to see if any solid—solid transformation occurred. The actual tran- 
sition temperature could thus be determined to about + 1° by finding two adjacent temperatures 
between which the observable transition just ceased to be detected. 

Series of p-Alkoxybenzoic Acids.—p-Propoxybenzoic acid (amorphous—154°—nematic—145°— 
solid I-116°-solid II). The nematic form appears first in spherical drops and resembles that of 
~-methoxycinnamic acid in general character. It is highly mobile and shows high colours 
between crossed Nicols. Well-defined nuclei and threads are visible. Solid I forms large clear 
plates showing high double refraction. Solid II appears as numerous crystal sheets with 
parallel edges and a straight extinction. All three transitions are enantiotropic. 

p-n-Butoxybenzoic acid (amorphous—160°—nematic—147°-solid). The nematic liquid gives 
low interference colours. Both changes are enantiotropic. 

p-n-Amyloxybenzoic acid (amorphous—151°—nematic—124°-solid). This substance gives fine 
nematic plates with nuclei, and more colour than the preceding. The solid has an extinction 
which is straight to the cleavage lines. Both changes are enantiotropic. 

p-n-Hexyloxybenzoic acid (amorphous—153°—nematic—106°-solid). The nematic form shows 
fine plates with nuclei and threads, and, like the propoxy-acid, it produces very high colours 
together with a rapid variation with temperature. The solid forms large plates with a high 
double refraction. 

p-n-Heptyloxybenzoic acid (amorphous—148°—nematic—95°—smectic—92°—solid II-89°—solid ITI. 
Solid I monotropic). The nematic form, besides the usual plates with nuclei showing high col- 
ours which change somewhat rapidly with fall of temperature, tends on reheating to appear in 
homogeneous plates. Before the liquid crystallises there is visible a change to a mottled and 
viscous smectic form showing the characteristic “‘ oily streaks,”’ this change being reversible. 
Further cooling yields solid I in large, clear plates of high colour. This is a monotropic form, 
passing over into solid II, which is enantiotropic but of narrow temperature range. Finally, 
solid III is observed. There are thus four enantiotropic and one monotropic forms of this 
substance. 

p-n-Octyloxybensoic acid (amorphous—148°—nematic—104° -smectic—100°—solid II-72°—solid III. 
Solid I monotropic). This substance closely resembles the heptyloxy-acid in its polymorphism, 
except that the temperature ranges of stability of both smectic liquid and solid II are wider. 

Solid I is only observable when the melt is rapidly cooled. All the changes are enantiotropic 
except those involving solid I. 

p-n-Nonyloxybensoic acid (amorphous—141°—nematic—99°—-smectic—92°—solid II. Solid I 
monotropic). In this acid (Found: C, 72-0; H, 9-3. C,.H,,O,; requires C, 72-7; H, 9-2%), 
the nematic and smectic forms are well defined and are succeeded in rapid cooling by a labile 
solid I which passes over into the stable solid II. 

p-n-Decyloxybensoic acid (amorphous—149°—nematic~—120°—smectic—92°—solid I-84°-solid II). 
The polymorphism of this acid (Found: C, 72-9; H, 9-3. C,,H,,O, requires C, 73-3; H, 9-4%) 
is similar to that of the preceding acid except that both solid forms are here enantiotropic. 
Solid I appears in small, clear plates which pass over at 84° into feathery crystals of solid II. 
All the transitions are therefore reversible. 

p-n-Dodecyloxybenzoic acid (amorphous—137°—nematic—129°—smectic—95°-solid II. Solid I 
monotropic). The change from nematic to smectic liquid in this acid (Found: C, 74-1; H, 9-9. 
Cy9Hg90, requires C, 74-6; H, 9-8%) is very clearly defined, and oily streaks are easily observable 
in the latter. The monotropic solid I appears as small plates showing high interference colours, 
which pass over into the arborescent crystals of solid II showing a high double refraction. 

p-Cetyloxybenzoic acid (amorphous—133°—nematic—131°—smectic—100°—solid). The liquid on 
cooling yields a nematic form with high colours and very clearly defined plates with nuclei. 
At a somewhat lower temperature, however, the liquid is viscous and shows oily streaks. The 
change from nematic to smectic form is here not easy to see, no sharp phase boundary being 
visible crossing the field of view, but once the nature of the liquid at 132° and about 110° had 

been ascertained, it was possible to locate it. Careful tests showed that the nematic form is of 
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very narrow range of stability but that both changes are definitely enantiotropic. The existence 
of two liquid forms could, in this'instance, very easily have been overlooked, as in the case of 
cholesteryl stearate, where the liquid—solid transition is almost impossible to detect and was 
regarded as absent by Lehmann (Friedel, Joc. cit.). All the changes are here enantiotropic. 

Series of p-Alkoxycinnamic Acids.—The properties of p-methoxycinnamic acid are well 
known, and those of p-ethoxy-, p-n-propoxy-, and p-n-butoxy-cinnamic acids were described 
by Stoermer and Wodarg (loc. cit.). 

trans-p-n-Amyloxycinnamic acid (amorphous—176°—nematic—138°—solid). The melted acid 
(Found: C, 71-5; H, 7:7. C,4H,,0, requires C, 71-8; H, 7-7%) yields fine plates with nuclei 
which solidify to needles having a straight extinction and a high double refraction. 

trans-p-n-Hexyloxycinnamic acid (amorphous—182°—nematic—153°—solid II. Solid I mono- 
tropic). The nematic form of the acid (Found: C, 72-7; H, 8-1. C,sH,.O, requires C, 72-5; 
H, 8-1%) solidifies to a monotropic solid in large plates which are easily kept for some time if 
chilled, the rate of transformation to the stable form being slow. The nematic form is enantio- 
tropic. 

trans-p-n-Heptyloxycinnamic acid (amorphous—157°—nematic-150°-solid). The enantio- 
tropic nematic form of the acid (Found : C, 73:2; H, 8-4. C,.H,,O, requires C, 73:2; H, 8-5%) 
passes on cooling into needles having an oblique extinction. 

trans-p-n-Ociyloxycinnamic acid (amorphous—164°—nematic—147°-solid). This substance 
(Found : C, 73-7; H, 8-7. C,,H,,O; requires C, 73-8; H, 8-8%) also yields only one liquid and 
one solid form, and the changes are enantiotropic. The solid appears as plates with an oblique 
extinction. 

trans-p-n-Nonyloxycinnamic acid (amorphous—163°—nematic—141°-solid. Monotropic smec- 
tic form). The highly mobile nematic form of this acid (Found: C, 74-4; H, 9-0. C,,H,,O; 
requires C, 74-3; H, 9-1%) appears, as usual, in spherical globules yielding plates with nuclei 
which readily give homogeneous plates. The high interference colours change considerably 
as the temperature falls. A well-defined change then occurs to a smectic form, which is, however, 
monotropic. Finally, large, clear plates of the solid form are produced. 

trans-p-n-Decyloxycinnamic acid (amorphous—163°—nematic—144°—smectic—133°—solid). The 
forms of this acid (Found: C, 75-0; H, 9-3. CygH gO, requires C, 75-0; H, 9-3%). are similar 
to those of the preceding acid, but the changes are now all enantiotropic, and the smectic form 
has a temperature range of 11°. 

trans-p-n-Dodecyloxycinnamic acid (amorphous—153°—nematic—145°-smectic—132°-—solid). 
The nematic form (Found: C, 76-1; H, 9-6. C,,H;,0O, requires C, 76-0; H, 96%) closely 
resembles that of the nonyloxycinnamic acid and, like it, tends to give homogeneous plates. 
The smectic form is again enantiotropic, but with rather narrow temperature range. 

trans-p-Cetyloxycinnamic acid (amorphous—158°—nematic—154°—smectic—132°-solid). This 
substance (Found: C, 77-4; H, 10-3. Calc. for C,;sH,,O,: C, 77-3; H, 10-4%) was prepared 
by the same method as the other members of the series, and was purified by crystallisation suc- 
cessively from glacial acetic acid and benzene. When heated, it sinters at 125° and melts at 
132°. Stoermer and Wodarg (loc. cit.), using almost the same method of preparation, obtained 
a solid of m. p. 200—202°, which gave satisfactory analytical figures but showed no signs of any 
mesomorphic form. The melt gives a nematic form with fairly high interference colours, and 
well-defined plates with nuclei. This passes without a sharp boundary change into the smectic 
form, which is viscous and shows the characteristic oily streaks. The liquid-liquid change is 
difficult to detect, as in the case of p-cetyloxybenzoic acid. The changes are all enantiotropic. 
A specimen of this substance on a microscope slide heated once or twice and left in daylight for 
five days was found to melt without giving any mesomorphic phase, and the same result was 
obtained when the material was scraped off and melted on a fresh slide. Specimens of heptyl- 
oxy- and octyloxy-cinnamic acids which had been kept for several months on a slide were also 
found to melt without passing through any mesomorphic form. 
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95. The Stereochemistry of Quadricovalent Atoms: Gold. 
By H. J. Dorntr, F. J. LLEWELLYN, W. Warptaw, and A. J. E. WELCH. 


The quadricovalent aurous compounds K[Au(CN),dipy] and M'[Au(CN),phenan] 
(MI = K, Tl, NH,) have been prepared, generally by the action of 2: 2’-dipyridyl 
(dipy) or o-phenanthroline (phenan) on the double aurous cyanides, MtAu(CN),. 
The effective atomic number of the gold atom in these compounds is 86—that of radon 
—and a tetrahedral distribution of valencies round the aurous atom would be expected. 
An X-ray analysis has shown that the molecule of K[Au(CN),dipy] possesses a two-fold 
axis of symmetry; the occurrence of a short axis (3-74 a.) eliminates the possibility of 
a tetrahedral configuration, and it is inferred that the four valencies of the aurous 
atom in this compound are coplanar (or nearly so). The X-ray data also indicate a 
planar configuration in K[{Au(CN),phenan]. These compounds thus provide an 
exception to the generalisation that a quadricovalent atom possessing the effective 
atomic number of a rare gas has a tetrahedral valency distribution. 


STRIKING examples of a change of configuration with change in the principal valency 
of the central quadricovalent atom have been disclosed in recent investigations of co-ordin- 
ation compounds of copper, silver, and thallium; for example, in quadricovalent compounds 
of univalent copper and univalent silver, the four bonds to the cuprous and argentous 
atoms have a tetrahedral distribution, whereas complexes of bivalent copper and bivalent 
silver exhibit a planar configuration. An obvious extension of such investigations is to 
the stereochemistry of gold with its principal valencies of one and three. During the past 
few years various types of aurous and auric compounds, in which it was anticipated that 
the gold atom would be quadricovalent, have been examined by X-ray methods. The 
results have proved to be of unusual interest. Although the four valencies of the ter- 
valent gold atom have been shown to lie in a plane with the metal, the univalent gold atom 
in the aurous compounds has been found to be bicovalent instead of quadricovalent, and 
the valency distribution probably linear. This apparent inability of aurous gold to attain 
a greater covalency than two has been discussed by Gibson (Presidential Address, Section 
B, British Association, 1938), who concludes that “‘ there is no example of an aurous com- 
pound in which the gold atom is known to be 4-covalent, and attempts to produce such a 
compound have failed.’’ Gibson considers that the substances Et,P(NH,),AuCl and 
(EtO),P(NH,),AuCl prepared by Levi-Malvano (Atti R. Accad. Lincet, 1908, 17, 857) may 
have a quadricovalent gold atom, as suggested by Mann and his co-workers, but Gibson 
gives reasons which indicate that this quadricovalency is by no means certain. There 
is, however, no doubt that aurous gold can be quadricovalent, for we have prepared a 
number of quadricovalent aurous complexes suitable for X-ray investigation by the use 
of 2 : 2’-dipyridyl and 4: 5-(0-)phenanthroline as chelating groups in reactions with complex 
cyanides of the type M'Au(CN), where M'= K, Tl, NH,. The new derivatives are 
crystalline substances, M{Au(CN) ‘dipy] and M[Au(CN),phenan]. It might be suggested 
that in view of the tendency of gold to be bicovalent the compounds are really 
[M'dipy][Au(CN),] and [M‘phenan][Au(CN),]. This idea cannot be maintained, however, 
for an ammonium derivative NH,[Au(CN),phenan] is readily isolated, and in this compound 
the nitrogen atom has already its maximum covalency of four, and the co-ordinating group 
must be associated with the gold atom. Again, by double decomposition of 
K[Au(CN),phenan] with thallous nitrate, the thallium derivative Tl[Au(CN),phenan] is 
readily obtained. 

Although the isolation of these new derivatives is of definite theoretical interest, it is 
the stereochemistry of the quadricovalent aurous atom which has lent importance to 
this investigation. So far no exception has been found to the rule that when a quadri- 
covalent metal atom has an effective atomic number identical with that of an inert gas its 
valency distribution is tetrahedral. In the new aurous complexes the effective atomic 
number of the gold atom is 86—that of radon—and it is reasonable to suppose, as various 
authors have already done, that the bond distribution would be tetrahedral. Actually 
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the crystallographic evidence shows that the molecule of K[Au(CN),dipy] has, in the solid 

state, a two-fold axis of symmetry. This is compatible both 

aa with a planar and with a tetrahedral distribution of valencies 

N. N around the aurous gold, but the existence of a short axis (3°74 A.) 

xv \ completely eliminates the latter possibility. A double molecule 

CN-Au'CN  CN*Au’CN of the type (I) is also excluded, because in such a molecule 

x A the dipyridyl residues would have to be at right angles to 

N N one another, or nearly so (in order to give a reasonable gold— 

gold separation), and this is clearly impossible with the short axis. 

: K[Au(CN),phenan] has a lower symmetry than the 

(I) corresponding dipyridyl compound, but the existence of a 

short axis of exactly the same length (3-74 A.) indicates that the valency distribution can- 

not be tetrahedral, but is planar, or approximately so. A cursory examination of some 

of the intensities of the X-ray reflexions suggests also that the distribution of the molecules 
is similar to that in K[Au(CN),dipy]. 

This unexpected finding that the bond distribution of the quadricovalent aurous atom 

is planar (or nearly so), like the quadricovalent auric atom, removes the last of the em- 

pirical rules which chemists have relied upon as a guide to the stereochemistry of quadri- 


covalent atoms. 
EXPERIMENTAL. 


Potassium 2: 2'-Dipyridylaurocyanide, K[Au(CN),dipy].—This compound was prepared by 
adding 0-15 g. of 2: 2’-dipyridyl, dissolved in 2 ml. of absolute ethyl alcohol, to 4 ml. of an 
aqueous potassium aurous cyanide solution, saturated at room temperature. On evaporation 
over phosphoric oxide in an evacuated desiccator, the salt crystallised as well-formed, colourless, 
orthorhombic needles (Found: Au, 44-6; C, 32-0; H, 1-8; N, 12-7. C,,H,N,KAu requires 
Au, 44-4; C, 32-4; H, 1:8; N, 12-6%). The crystals show high birefringence (> 0-20), the 
minimum refractive index being along the direction of elongation (c-axis). X-Ray measure- 
ments using Cu-K, radiation show that the dimensions of the cell, which contains four molecules, 
are a = 18-15 + 0-02, b = 18-74 + 0-02, c = 3-744. (dope, 2°32, dog, 2°31). The missing re- 
flexions are {hkl} absent for h + 1 odd, and {00} absent when k is odd. These halvings are 
characteristic of the space-group B22,2 — D3, which requires eight general positions in the 
unit cell. Since, however, there are only four gold and four potassium atoms, these must 
lie on special positions, and consequently the molecule has an axis of symmetry. The molecule 

(II) can have only one such symmetry axis, which must pass through the 

gold atom and bisect the bond between the two pyridine rings. There are two 

sets of special positions in either of which the gold and potassium atoms may be 

located : (i) upon the a-axis, (ii) upon the c-axis. Since the length of the c-axis 

is 3-74 a., the gold atoms cannot be in the special positions (ii), because in that 

case the axis of symmetry of the molecule would have to be parallel to the 

CN c-axis. Consequently the co-ordinates of the gold atoms are x, 0, 0; ¥%, 4, 0; 

x +4, 0,4; 4—-%, 4, 4. These are confirmed by the fact that, in general, all 

planes in the {hk0} and {0} zones with k odd are relatively weak. The 

potassium atoms cannot easily be located in the special positions (ii) because of lack of space, 

and their co-ordinates are probably 0, }, z; 0, 3, z; 4, 4, 2+ 4; 4, 2,4 -— 42, the atoms 

lying between four cyanide groups which are in a plane. The possibility of a tetrahedral 
distribution of valencies about the aurous gold can be completely eliminated by space- 
filling considerations. The short c-axis indicates that the dipyridyl residues lie in, or nearly in, 
the c-plane. The maximum tilt, allowing a carbon-carbon separation of 3-55a., is 18°. 

Similarly it can be shown that the maximum tilt of the plane containing the gold atom and the 

two cyanide groups is ca. 25°, and consequently the maximum angle between this plane and 

the one containing the dipyridy] residues is ca. 43°. These deductions are obviously incompatible 

with a tetrahedral valency distribution, in which the angle would be 90°, and it is therefore 

necessary, in order to fit the molecules into the unit cell, to postulate a planar, or distorted 
planar, distribution of the valencies, the maximum distortion being defined by the above limits. 

The molecule as a whole has two degrees of freedom, rotation about the diad axis and trans- 
lation along it. Space-filling considerations indicate that the translation is probably quite 
small, and also that the rotation of the dipyridyl residues is <_ 18°. The z co-ordinate of the 
potassium atom is probably approximately }, since in this position it is at a maximum distance 
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from its nearest neighbours. It is noticeable that if the molecule is truly planar it has, in 
addition to the symmetry axis, a plane of symmetry, and also that if the molecule lies in the 
c¢ plane the structure as a whole will also have a plane of symmetry parallel to the } axis, and 
symmetry centres at 0, 3, 0; 0, 3, 0; etc. A fairly strong pyroelectric effect, however, in- 
dicates that the crystal class is truly 222-D,, and consequently that the molecule is tilted out 
of the ¢ plane, thereby destroying the symmetry planes and centres. Whether the cyanide 
groups are tilted in the same direction as the dipyridyl or in the opposite direction to it, i.e., 
whether the valency distribution is really planar or somewhat distorted, can only be determined 
by a detailed analysis of the structure, which we hope to carry out in the near future. 
Potassium 4 : 5(0)-Phenanthrolineaurocyanide, K[Au(CN),phenan].—0-1 G. of 4: 5-(0-)phenan- 
throline, dissolved in 1—2 ml. of absolute ethyl alcohol, was added to a solution of 0-4 g. 
of potassium aurous cyanide in 10 ml. of water. The salt separated at once as fine, colourless 
needles, insoluble in a large excess of cold water, but soluble on warming. The substance 
was recrystallised from absolute alcohol; it formed acicular monoclinic crystals, which were 
nearly all twins (Found: Au, 42-5; C, 36-2; N, 12-0. C,,H,N,KAu requires Au, 42-1; C, 
35-9; N, 120%). Addition of a concentrated thallous nitrate solution to a warm aqueous solu- 
tion of the potassium salt affords the corresponding thallous salt, Tl[Au(CN),phenan], which is 
precipitated as colourless needles (Found: N, 8-8. C,H,N,TlAu requires N, 9:0%). The 
crystals of K[Au(CN),phenan] show high birefringence (> 0-20), the minimum refractive index 
being along the direction of elongation (b axis), and a fairly strong positive pyroelectric effect. 
The cell dimensions, determined from single-crystal rotation photographs, are a = 41-32 + 0-05, 
b = 3-74, c= 19-82 4+ 0-04a.; B = 115° 16’. There are eight molecules in the unit cell 
(dope. 2°22, deatc, 2°25). The missing reflexions are {hkl} absent when h + & is odd, and {h0/} 
absent when A is odd and / is odd, characteristic of the space-groups Cc and C2/c. The positive 
pyroelectric effect eliminates C2/c, since this has a symmetry centre, and consequently the 
space-group is Cc. Although the above cell is the true one from the crystallographic point 
of view, the relation between the structure and that of K[Au(CN),dipy] can be seen more easily 
if it is referred to a body-centred cell having the following dimensions: a = 37-15 + 0-04, 
b = 3-74, c = 19-824.; B = 92° 14’. The halvings are now {hkl} absent when A + k + / is 
odd, and {h0/} absent when h is odd and / is odd. The cell dimensions are now comparable : 


K[Au(CN),dipy]. K[Au(CN),phenan]. 
18-7 . 


@eeeececesceseceeesess§ £0 FE ji — YF aaeeeeereeerereeseses 





eeeeeeeeeeseseeeseeee = DP ER  —§-_—- Fs ae ereresereseeeeeres 


The orders of {400} and {00/} in the phenanthroline complex are very intense and are observed 
up toh = 40 and/ = 22. {00/} is halved, but {400} is quartered up to 1600, then 1800, 2200, 
2600, etc., appear very weakly. All the {401} reflexions for which 4 is even but not equal to 
4n are also weak, therefore the cell dimensions are nearly a = 18-57, b = 3-74, c = 19-824. 
These observations indicate that, although the K[Au(CN),phenan] crystal has lower symmetry 
than K[Au(CN),dipy], the distribution of the molecules within the unit cell, and the positions 
of the gold atoms, are similar. The existence of the short b axis also confirms the approximately 
planar arrangement of the gold valencies. 

Ammonium 4 : 5-(0-) Phenanthrolineaurocyanide, NH,[Au(CN),phenan].—A solution of ammon- 
ium cyanide containing approximately 2-5 g. in 100 ml. was prepared by double decomposition 
of solutions of ammonium sulphate and barium cyanide. 2 G. of aurous cyanide were added; 
1-5 g. dissolved. The filtered solution containing ammonium aurocyanide was treated with 
0-4 g. of o-phenanthroline dissolved in 3—4 ml. of absolute alcohol. The salt was precipitated 
immediately as colourless needles, which were recrystallised from alcohol (Found: Au, 44-3; 
C, 37-2; H, 2-6. C,gH,,N,Au requires Au, 44-0; C, 37-6; H, 27%). The unit cell of this 
compound has not been completely determined, but a short axis of 3-74 a. has been measured. 


The authors wish to thank Professor J. D. Bernal, F.R.S., for laboratory facilities for the 
X-ray investigations, and for his helpful discussion. They are also indebted to the Department 
of Scientific and Industrial Research and to Imperial Chemical Industries Limited for grants. 
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96. The Polymerisation of Dideuteroacetylene. 
By G. R. Cremo and A. C. Rosson. 


Modifications of the method of preparation of hexadeuterobenzene by the pyrogenic 
polymerisation of dideuteroacetylene are described. Five of the -more complex 
“heavy ” hydrocarbons simultaneously formed have been isolated and characterised, 
viz., octadeuterotoluene, octadeuteroindene, octadeuteronaphthalene, decadeutero- 
fluorene, and decadeuteropyrene. 


THE apparatus and method for the conversion of dideuteroacetylene into “ heavy ” hydro- 
carbons were essentiaily the same as those originally used [Clemo and (the late) McQuillen, 
J., 1935, 851], but the method of purifying the hexadeuterobenzene fraction has been 
elaborated. 

The yield of liquid hydrocarbons from a given volume of dideuteroacetylene has been 
more than doubled by the following modifications: (1) The carrier or diluent gas was 
dispensed with, as there was little danger of explosive decomposition occurring at pressures 
below 2 atmospheres (Berthelot, Compt. rend., 1896, 128, 525—30); (2) the dideutero- 
acetylene was circulated through the reaction tube heated to 650° in 500 c.c. batches under 
a pressure of 115—120 cm. of mercury, each particle of gas remaining for approximately 
two minutes in the heated zone. Previously, the gas was allowed to flow continuously over 
the catalyst under reduced pressure. 

The phenomenon of “‘ flashing” occurs when the gas is initially admitted into the hot 
vacuous tube containing the catalyst (Bone and Coward, J., 1908, 98, 1222) and the hydro- 
carbon mist is rapidly condensed at —70°. From 80—85% of the dideuteroacetylene 
polymerises after being circulated 4—65 times over the catalyst. By heating the carbide 
mixture after the addition of 10 g. of deuterium oxide, a further volume of gas (1} 1.) can 
be generated ; this, however, polymerises to the extent of only 40% when circulated through 
the furnace, as the dideuteroacetylene evolved is considerably affected by the temperature 
required to generate the gas. 

The average yield of solid and liquid condensation products obtained from 10 g. of 
996% deuterium oxide was 5 g. (or 70% of the theoretical) and consisted of a reddish- 
brown oil showing a strong yellow-green fluorescence. 

Although the total yield of hydrocarbons has thus been increased by more than 100%, 
the amount of hexadeuterobenzene obtained is the same. Therefore the effect of the carrier 
gas, while inhibiting the polymerisation of dideuteroacetylene, favours the formation of 
hexadeuterobenzene at the expense of other hydrocarbons, 

R. Meyer (1912—1920) made an exhaustive study of the aromatic products formed in 
the pyrogenic polymerisation of acetylene and definitely characterised nine hydrocarbons 
(benzene, toluene, indene, naphthalene, diphenyl, fluorene, anthracene, pyrene and chrysene) 
in 600 g. of the tar (Ber., 1912, 45, 1609). Although the present work was carried out 
primarily for preparing hexadeuterobenzene, the collected complex mixture of poly- 
merisation products resulting after the removal of hexadeuterobenzene has been examined 
with a view to the isolation of the higher ‘‘ heavy ” aromatic hydrocarbons, of which only 
octadeuteronaphthalene has been previously described (J., 1935, 1325). 

The yellow condensation products formed by acting on both ordinary and “‘ heavy ”’ 
indene with benzaldehyde and methyl-alcoholic potassium hydroxide, according to the 
conditions used for preparing 1-benzylideneindene (Thiele, Ber., 1900, 38, 3398), consist 
mainly of 1-(«-hydroxybenzyl)-3-benzylideneindene (Thiele, Joc. cit., p. 3396) and its 
hexadeutero-derivative respectively, with only traces of the mono-condensation products. 

A trace of the decadeuterofluorene has been oxidised to ‘‘ heavy ”’ fluorenone. 


EXPERIMENTAL. 


Separation of Hexadeuterobenzene.—The “‘ heavy”’ hydrocarbon mixture obtained from 
deuterium oxide (10 g.) was distilled at atmospheric pressure and the fraction collecting below 
180° (2-2—2-5 g.) was treated as the main hexadeuterobenzene fraction. 
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After successive distillations over picric acid (0-5 g.), phosphoric oxide (0-5 g.), and sodium 
(0-1 g.) the colourless liquid was only very slightly aromatic in odour. Further purification was 
carried out by shaking with small amounts (0-5—1 c.c.) of ‘“‘ heavy” sulphuric acid (95%), 
until the latter was no longer coloured. In order to repair any slight loss of deuterium content 
which might have occurred by exchange during the purification process, the ‘‘ heavy ’’ benzene 
was shaken with 50% ‘“‘ heavy ”’ sulphuric acid for 2 days (compare Ingold, Raisin, and Wilson, 
J., 1936, 916). After distilling over barium oxide and a trace of phosphoric oxide, the fraction 
(1-3 g. or approximately 25% of the original distillate), b. p. 78—-82°, melted above 5-5°. By 
redistillation, the m. p. was raised to 6-2—6-5°, a value agreeing favourably with that of pure 
hexadeuterobenzene, 6-8° (Ingold, Raisin, and Wilson, loc. cit.). 

Octadeuterotoluene and Octadeuteroindene.—The fraction (2-4 g.), b. p above 180°, of the 
original mixture was fractionally redistilled at 1 mm. pressure and collected as follows : fraction 
(1) consisted of a colourless liquid (0-64 g., b. p. 10—25°/1 mm.), which was condensed by means 
of solid carbon dioxide and alcohol and redistilled at 750 mm. The following two fractions 
were examined: (a) B. p. 105—120° (0-14 g.), mainly octadeuterotoluene. 0-1 G. of this in 
fuming nitric acid (1 c.c.) was warmed on the water-bath for 20 minutes, ‘‘ heavy ” sulphuric 
acid (1 c.c., 95%) added, and the mixture refluxed for } hour, poured into ice-water (10 c.c.), 
and rapidly extracted with carbon disulphide. The solution was dried with anhydrous potassium 
carbonate, and the solvent evaporated; the resulting solid, after being pressed on porous tile, 
had m. p. 65—66°, and mixed m. p. with 2: 4-dinitrotoluene (m. p. 69°) 65—69°. (b) B. p. 
175—190° (0-18 g.). This was mainly octadeuteroindene, since without further purification it 
gave hexadeutero-1-(a-hydroxybenzyl)-3-benzylideneindene, on treatment with benzaldehyde and 
alcoholic potassium hydroxide, as yellow crystals, m. p. 136°. A mixture with the derivative 
(m. p. 134°) similarly obtained from ordinary indene had m. p. 134—136° [Found: C, 87-0; 
water (H,O + D,O), 51-6. C,3H,,D,O requires C, 87-3; water, 53-1%]. 

Octadeuteronaphthalene.—Fraction (2), amounting to about 7% of the original mixture, has 
been proved to be octadeuteronaphthalene. It formed large colourless plates, m. p. 80—81°, 
from aqueous methyl alcohol (Found : C, 88-6; D, 11-5. Calc. for C,,D,: C, 88-2; D, 118%), 
and its picrate formed yellow prisms from alcohol, m. p. 147°, not depressed by naphthalene 
picrate, m. p. 149° (Found : C, 52-3; water, 33-2. Calc. for C,,D,,C,H,;O,N,;: C, 52-6; water, 
29-3%). 

Decadeuterofluorene.—Fraction (3) (0-3 g., b. p. 95—120°/1 mm.) was a yellow semi-solid 
mass which gave a reddish-brown picrate, m. p. (indef.) 80°, raised by recrystallisation from ether 
to 81—83°, not depressed by fluorene picrate of m. p. 80° (Found: C, 56-5; water, 35-5. 
Ci3D49,CgH,O,N, requires C, 56-3; water 31-35%. Calc. for C,3;H9,CgH,O,N,; C, 57-7; 


water, 29-6%). ‘ 
The crude solid was separated from oily material on a tile (indefinite m. p. 100°) and sublimed 


in a vacuum at 100°, giving crystalline decadeuterofluorene, m. p. 105—107°, raised to 115—117° 
by two recrystallisations from alcohol, mixed m. p. with fluorene (m. p. 116°), 115—117° 
(Found: C, 88-7; D, 13-5. C,3D4, requires C, 88-6; D, 113%. Calc. for C,;H,,: C, 94-0; 
H, 6-0%). 

A small amount of this hydrocarbon, oxidised with sodium dichromate in acetic acid, gave 
octadeuterofluorenone in yellow prisms, m. p. 84°, not depressed by authentic fluorenone. 

Decadeuteropyrene.—Fraction (4) (0-3 g., b. p. 120—155°/1 mm.) set to a yellow semi-solid 
mass, which gave a red picrate, m. p. 140—150°. After several recrystallisations from alcohol, 
this separated in long, bright red needles, m. p. 217—219°, not depressed by pyrene picrate 
(Found: C, 60-3; water, 41-4. C,,D,C,H,O,N,; requires C, 60-0; water, 28-8%. Calc. for 
Cy¢Hy,CgH,O,N,: C, 61-2; water, 27-1%). 

The picrate was decomposed with aqueous ammonia, the hydrocarbon extracted with ether 
and dried over anhydrous potassium carbonate, the solvent removed, and the residue pressed on 
tile and then sublimed in a vacuum at 200°, giving decadeuteropyrene in pale yellow, rectangular 
prisms, m. p. 135°, raised to 148—149° by two crystallisations from alcohol; mixed m. p. with 
pyrene (m. p. 150°) 148—150° (Found: C, 90-2; D, 9-4. C,,D,,. requires C, 90-6; D, 9-4%. 
Calc. for C,,H,,: C, 95-0; H, 5-0%). 


One of us (A. C. R.) thanks the Department of Scientific and Industrial Research for a 
maintenance grant. 
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97. Optical Isomerism due to symmetrically placed Hydrogen and 
Deuterium Atoms. Part II. 


By G. R. Clemo, R. Raper, and A. C. Rosson. 


The paper is a contribution to the question of the possible optical activity of 
organic compounds due to the difference between hydrogen and deuterium in their 


molecules. 
In view of the negative or indecisive results hitherto recorded it was decided to 


attack the problem along the lines of the successful resolution of «y-diphenyl-cy- 
dinaphthylallene by Maitland and Mills (J., 1936, 987). Attempts to obtain an active 
allene by dehydration of either -ay-diphenyl-y-pentadeuterophenyl-a-1-naphthylallyl 
alcohol (VII, R = C,D,) and awy-diphenyl-a-pentadeuterophenyl-y-1-naphthylallyl alcohol 
(II, R= C,D,;) with d-camphorsulphonic acid, however, gave negative results. 
Furthermore, the isomeric alcohols, ay-diphenyl-a-p-tolyl-y-1-naphthylallyl alcohol 
(II, R = p-tolyl) and ay-Wiphenyl-y-p-tolyl-a-1-naphthylallyl alcohol (VIII, R = p- 
tolyl), also gave negative results in attempts at asymmetric dehydration, although 
in the light of the success of Maitland and Mills, the latter alcohol at any rate was 
expected to give a positive result. 

d-Tartaric and d- and /-mandelic acids act as asymmetric dehydrating agents on 
ay-diphenyl-«y-di-1-naphthylallyl alcohol. 

Phenyl 8-phenyl-8-p-tolylvinyl ketone (VI, R = p-tolyl) has been obtained as a 
mixture of two well-defined geometrical isomers, the dipole moments of which have 
been measured in order to decide their configurations. 


THE question of optical activity of organic compounds due to the difference between hydro- 
gen and deuterium atoms in their molecules has engaged the interest of several workers. 
All compounds of the type CHDR,R, hitherto prepared have either been inactive or have 
given such small rotations as to be controversial and most of the experiments have been 
indecisive. It was then thought that a compound, the dissymmetry of whose molecules 
depended on the difference between two radicals, one containing wholly hydrogen atoms 
and the other wholly or partly deuterium atoms, ought to give more conclusive results. 
The reported resolution of «-pentadeuterophenylbenzylamine by Clemo and (the late) 
McQuillen (J., 1936, 808) has been criticised on the ground that the hexadeuterobenzene 
used as the starting material was impure: the work was repeated by Adams (J. Amer. 
Chem. Soc., 1938, 60, 1260) with negative results. Hydrogen has been replaced by deuter- 
ium in active compounds by Young and Porter (ibid., 1937, 59, 328, 1437), who observed 
a decrease in rotatory power. Other such cases have been reported (e.g., by Erlenmeyer 
and Schenkel, Helv. Chim. Acta, 1936, 19, 1199), but the dissymmetry is not due to sym- 
metrically placed hydrogen and deuterium, and these are not true cases of optical activity 
caused by such an arrangement. 

The separation of an allene hydrocarbon into its optical antipodes by Maitland and Mills 
(J., 1936, 987), and the very high rotations observed for the d- and the /-form, suggested 
another method of examining the problem. We thought that, if there should be an 
appreciable asymmetric difference between the “ heavy ” and the “ light ’”’ phenyl group 
attached to the «a-carbon atom in «y-diphenyl-a-pentadeuterophenyl-y-1-naphthylallyl 
alcohol (II, R = C,D;), dehydration might well proceed asymmetrically here also when 
brought about by d-camphorsulphonic acid. Furthermore, the deuterium compound can 
be easily prepared without the use of reagents likely to cause appreciable exchange of 
deuterium and hydrogen. 

CPh(C,,.H,):;CH:COPh CPh(C,,H,):CH-CPhR‘OH CPh(C,,H,):-C-CPhR 
(I.) (II.) (III.) 


Experiments were first carried out to observe the effect of reducing the amount of 
phenylmagnesium bromide required for the preparation of aay-triphenyl-y-1-naphthylallyl 
alcohol (II, R = C,H,) from phenyl 8-phenyl-f-1-naphthylvinyl ketone (I) prepared by the 
method of Maitland and Mills (Joc. cit.). It was found that, by adding a solution of this 
ketone to the boiling Grignard reagent, only two equivalents of the latter were required, 
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and as the same conditions held for the preparation of the deuterium isomer (II, R = C,D;), 
only one half of the amount of bromopentadeuterobenzene at first thought necessary was 
required. 

No optical activity was observed when 4-5 g. of the carbinol (II, R = C,D;) were 
dehydrated with d-camphorsulphonic acid. A reason for this negative result is obvious 
if the ingenious theory of asymmetric dehydration put forward by Maitland and Mills 
(loc. cit.) is correct. Another explanation is that the «y-diphenyl-a-pentadeuterophenyl- 
y-1-naphthylallene (ITI, R = C,D,), evenif it is completely resolvable, may show only a very 
small activity and thus, under the conditions of asymmetric dehydration, where usually 
only 1 or 2% excess of one of the enantiomorphous forms results, the resulting activity 
may be very small. In this connection it is significant that, although (III, R = C,D;) 
and (III, R = Cy H,) have similar absorption spectra, the latter shows a much higher 
extinction coefficient at the peak of the band in the near ultra-violet region. 

The theory of Maitland and Mills suggests that the alcohol i is esterified by the camphor- 
sulphonic acid and, further, that both the d- and the /-formn of the resulting ester consist 
of a mixture of cis- and trans-isomers. When the ester group is in the configuration 
necessary for the ¢vans-elimination of the camphorsulphonic acid, the orientation of the 
camphorsulphonic group in the molecule is very closely defined, being surrounded by three 
aromatic groups. It can well be understood that in a molecule possessing this érans- 
configuration, an interchange of the phenyl and the pentadeuterophenyl group on the 
asymmetric carbon atom (the interchange necessary to represent the other antimeric form 
of the ester molecule in the trans-form) would have a smaller effect on the rates of elimination 
of the camphorsulphonic acid molecule from the two antimeric forms of the alcohol, than 
would be the case were the pentadeuteropheny] group replaced by the naphthyl group as in 
the carbinol (VII, R= C,D;). Hence, if the phenyl and the pentadeuterophenyl group 
show a spatial difference, this alcohol ought to give rise to a greater excess of one of the 
antimeric forms of the corresponding allene than the isomeric alcohol (II, R = C,D;). 
This, however, could not be demonstrated. 

In the synthesis of the alcohol (VII, R = C,D,), the pentadeuterophenyl group was 
introduced in the first stage. This entailed a slight modification in the usual method of 
dehydrating the substituted propiophenone (V, R= C,D;) with hydrochloric acid, in 
order to minimise the possibility of the replacement of deuterium by hydrogen. Formic 
acid (d 1-2) readily dehydrated the deutero-alcohol in half an hour. 


) a 
CPhR:CH-CPh(C,9H,)-OH —> (111) —> Pb> 


(VIL.) 
(VIII.) 


In order to study this mechanism of dehydration further, we decided to synthesise the 
two isomeric alcohols (II, R = #-tolyl) and (VII, R = #-tolyl). The asymmetric dehydr- 
ation of the latter alcohol would be expected to give a greater excess of one of the active 
forms of the corresponding allene and hence the product in this case should display a higher 
optical activity than the product in the former case, since there is greater similarity between 
the phenyl and the #-tolyl group in (II, R = #-tolyl) than between the phenyl and the 
naphthyl group attached to the asymmetric carbon atom in (VII, R = #-tolyl). 

Two forms of phenyl 6-phenyl-B-p-tolylvinyl ketone (VI, R = #-tolyl), easily prepared 
by dehydration of the corresponding substituted propiophenone derivative (V, R = p- 
tolyl), were obtained. These are geometrical isomers, and yield the corresponding cis- 
and trans-alcohols after treatment with p-tolylmagnesium bromide. The dipole moments 
of the two ketones, m. p. 108° and 85°, are » 1-00 and 0-88 respectively; in the light of 
values already recorded for cis- and trans-isomers, this indicates that the ketone of m. p. 
108° has the cis- and the ketone of m. p. 85° has the évans-configuration (with respect to the 


hydrogen atom and the #-tolyl group). 
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No activity, however, could be detected after dehydration of the two isomeric alcohols 
(II, R = p-tolyl) and (VII, R = #-tolyl) (3—20 g.) with d-camphorsulphonic acid, and this 
negative result led to the search for other asymmetric dehydrating agents. «yDiphenyl- 
wy-di-l-naphthylallyl alcohol (II, R = C,)H,), prepared as described by Maitland and 
Mills (loc. cit.), was asymmetrically dehydrated by d-tartaric and d- and /-mandelic acids, 
but the time required for complete dehydration in boiling benzene solution was 1—2 days, 
as compared with 5—10 minutes for dehydration with d-camphorsulphonic acid. Hence the 
tartaric and mandelic acids cannot act catalytically by protolysis, as it seems inconceivable 
that their hydrogen-ion concentrations in benzene are high enough to catalyse the reaction, 
and it is much more probable that esterification occurs first, followed by elimination of the 
acid molecule. 

The possibility that the activity may be due to the formation of the optically active 
ester may be precluded, as the activity is not proportional to the amount of the acid used. 
Furthermore, the acids are recovered unchanged from the solution by cooling and the optical 
activity is not destroyed or diminished when the benzene solutions are shaken with warm, 
moderately concentrated sodium hydroxide or sodium carbonate solution. 

d-Tartaric and d- and /-mandelic acids also dehydrate the alcohols (II, R = Ph or 
p-tolyl) and (VII, R = Ph or #-tolyl), but the resulting solutions are inactive and we have 
assumed that this «y-diphenyl-a-p-tolyl-y-1-naphthylallene (III, R = #-tolyl) does not 
display a high rotatory power, unlike «y-diphenyl-«y-di-l1-naphthylallene (ITI, R = C,9H,). 
In support of this statement may be mentioned the successful resolution of an allenic acid 
into its optical antipodes by Kohler and co-workers (J. Amer. Chem. Soc., 1935, 57, 1743) : 
the specific rotation of the acid, 29-5°, is much lower than one would anticipate on comparing 
the structures of this allenic derivative and «ay-diphenyl-«y-di-l-naphthylallene (III, 
R = CyoH,). 

wy-Diphenyl-«-p-tolyl-y-l-naphthylallene (III, R= #-tolyl) and «a«y-triphenyl-y-1- 
naphthylallene (III, R= Ph) are not so stable as the ey-diphenyl-«y-di-l-naphthyl 
derivative (III, R = C,9H,), since #-toluenesulphonic acid not only dehydrates the parent 
alcohols catalytically, but rapidly isomerises the allenes formed to the respective indene 
derivatives. d-Camphorsulphonic acid also partly converts the allene into the isomeric 
indene compound. 

The indene derivative (VIII, R = #-tolyl) corresponding to «y-diphenyl-y-4-tolyl-a-1- 
naphthylallene (III, R = -tolyl) shows the phenomenon of phototropism (Maitland and 
Mills, loc. cit.), but the triphenyl substituted indene (VIII, R = Ph) does not. 

Crystals (m. p. 100°) of ««wy-triphenyl-y-1-naphthylallene (III, R = Ph) and ay-diphenyl- 
a-pentadeuterophenyl-y-l-naphthylallene (III, R= C,D;) obtained from benzene-light 
petroleum solutions crumble to white powders after several weeks and the m. p. rises to 
142° in each case. The transitions can be brought about in a few minutes by heating the 
allenes above their original melting points (100°). Analysis shows that the chemical 
compositions of the new modifications are unchanged, and on recrystallisation from 
benzene and light petroleum the allenes of m. p. 142° revert to the original forms, m. p. 
100°. This shows the existence of dimorphism. 


EXPERIMENTAL. 

auy-Triphenyl-y-1-naphthylallyl Alcohol (II, R = Ph).—Phenyl {-phenyl-f-1-naphthyl- 
vinyl ketone (I) (J., 1936, 993) (5 g.) in benzene (36 c.c.) was run during 15 minutes into a 
Grignard solution prepared from magnesium (1-44 g.), ether (36 c.c.), and bromobenzene (6-3 
c.c.). After reaction was complete the mixture was diluted with benzene (36 c.c.), kept at 15— 
20° overnight, and decomposed with ice and ammonium chloride; the solution was dried 
(potassium carbonate), the solvents removed, light petroleum (165 c.c., b. p. 40—60°) added 
to the residue, and the turbidity cleared by addition of a few drops of benzene. The alcohol 
separated in colourless crystals (5 g.), m. p. 147—149°, raised to 150° by recrystallisation from 
benzene-light petroleum (Found: C, 90-0; H, 6-0. C,,H,,O requires C, 90:3; H, 5-9%). 

Dehydration. The alcohol (0-2 g.) and d-camphorsulphonic acid (5 mg.) were refluxed in 
benzene (10 c.c.) for 10 minutes, a yellow solution with violet edges being formed. This was 
evaporated, and light petroleum added; triphenyl-1-naphthylallene (III, R = Ph) separated, 
m. p. 100—102° after crystallisation from benzene-light petroleum (Found: C, 94-3; H, 
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5-6. Cs,Hgs requires C, 94-4; H, 5-6%). The same allene was formed when the alcohol was 
dehydrated with d-tartaric acid or /-mandelic acid, but p-toluenesulphonic acid gave the isomeric 
indene (VIII, R = Ph), m. p. 234° (Found: C, 94:2; H, 5-7%). The allene was converted 
into the indene by refluxing with p-toluenesulphonic acid in benzene, or by hydrogen chloride in 
acetic acid. 

ay-Diphenyl-a-pentadeuterophenyl-y-1-naphthylallyl Alcohol (II, R=C,D,).—The same 
vinyl ketone (0-77 g.) was added to a Grignard solution prepared as above from bromopenta- 
deuterobenzene (0-75 g.) at 40—45°, and the mixture worked up in the same way after standing 
for 15 minutes, giving the alcohol as clusters of crystals (0-65 g.), m. p. 147—148°, raised to 149— 
150° by recrystallisation from benzene-light petroleum (Found: C, 89-1; water, 60-1. 
C;,H,,D,0 requires C, 89-2; water, 53-0%). 

Dehydration. The alcohol (0-5 g.) was dehydrated as above with d-camphorsulphonic acid 
(5 mg.). No optical activity was observed in several experiments. The allene (III, R = C,D,) 
(0-44 g.), m. p. 100—101°, was obtained on evaporation and addition of light petroleum (Found : 
C, 93-3: water, 55-3. C,,H,,D, requires C, 93-2; water, 50-8%). 

8-H ydroxy-BB-diphenylpropiophenone (V, R = Ph).—Dibenzoylmethane (1-45 g.) in benzene 
(3 c.c.) was added to phenylmagnesium bromide (from bromobenzene, 0-7 g.) at 10° during 15 
minutes. The bright green solution became yellow overnight; it was decomposed (ice and 
ammonium chloride), the ethereal layer dried and evaporated, the residual gum dissolved in 
benzene (2 c.c.), and light petroleum (12 c.c., b. p. 40—60°) added. The solid obtained was 
crystallised from benzene-light petroleum; yield 1-25 g., m. p. 116—118° (Found: C, 83-2; 
H, 5-9. C,,H,,O, requires C, 83-4; H, 6-0%). 

Phenyl BB-Diphenylvinyl Ketone (VI, R = Ph).—The above propiophenone (2 g.) was refluxed 
for 3 hours with concentrated hydrochloric acid (10 c.c.) and water (10c.c.). The gum deposited 
on cooling was extracted with benzene, the extract dried (potassium carbonate), the solvent 
removed, and the residue crystallised from alcohol (10—165 c.c.), giving the ketone in golden- 
yellow prisms (1-8 g.), m. p. 85—87°, raised to 88° by a further crystallisation (Found: C, 
88-4; H, 5-9. C,,H,,O requires C, 88-7; H, 56%). The propiophenone (2 g.) can also be 
dehydrated by refluxing for 4 hour with formic acid (10 c.c., d 1-2); the product is diluted, 
extracted with benzene, and worked up as above. 

ayy-Triphenyl-a-1-naphthylallyl Alcohol (VII, R = Ph).—The above vinyl ketone (2-6 g.) 
in benzene (25 c.c.) was added drop by drop to a solution of l-naphthylmagnesium bromide 
(from 1-bromonaphthalene, 5-1 c.c.) at 0° with stirring; the solution, after standing overnight, 
was decomposed (ice and ammonium chloride). The residue after removal of solvents was 
dissolved in ethyl acetate (3 c.c.), and alcohol (20 c.c.) added. The alcohol deposited (2-8 g.), 
m. p. 110—119°, was recrystallised from benzene-light petroleum; m. p. 124—126° (Found : 
C, 90-4; H, 5-9. C,,H,,O requires C, 90-3; H, 5-9%). 

§-Hydroxy-B-phenyl-B-pentadeuterophenylpropiophenone (V, R = C,D,) was prepared from 
dibenzoylmethane (0-4 g.) and bromopentadeuterobenzene (0-2 g.) in the same way as for the 
‘* light ’’ compound described above, and crystallised from alcohol; yield 0-3 g., m. p. 115° 
(Found : C, 82-5; water, 54-8. C,,H,,;D,O, requires C, 82-1; water, 54-4%). 

Phenyl 8-phenyl-B-pentadeuterophenylvinyl ketone (VI, R = C,D,) (0-18 g.), m. p. 85—86°, 
was obtained by dehydrating the above ‘‘ heavy” propiophenone (0-2 g.) with formic acid 
(5 c.c., d 1-2) in the same way as for the corresponding “‘ light ’’ compound (Found: C, 87- 0; 
water, 58-7. C,,H,,D,O requires C, 87-2; water, 51-6%). 

ay-Diphenyl-y-pentadeuterophenyl-a-1-naphthylallyl Alcohol (VII, R = C,D,).—The above 
“heavy ” vinyl ketone (0-12 g.) in benzene (1 c.c.) was added during 5 minutes to a Grignard 
reagent (from 1-bromonaphthalene, 0-25 c.c.) and after 12 hours the solution was decomposed 
(ice and ammonium chloride), the dried solvents removed, and the residue taken up in the 
minimum amount of methylalcohol. The alcohol (0-1g.),m. p. 114—115°, was slowly deposited ; 
it had m. p. 117—119° after recrystallisation from ethyl acetate-alcohol (Found: C, 88-7; 
water, 58-5. C,,H,,D,O requires C, 89-2; water, 53-0%). 

Dehydration with d-camphorsulphonic acid gave the inactive allene (III, R = C,D,), m. p. 
101°, identical with that obtained from (II, R = C,D,). 

ay-Diphenyl-a-p-tolyl-y-1-naphthylallyl Alcohol (II, R = p-tolyl).—Phenyl {-phenyl-f-1- 
naphthylvinyl ketone (5 g.) in benzene (36 c.c.) was added during 15 minutes to a Grignard 
reagent (from p-bromotoluene, 7-5c.c.). The usual treatment gave the alcohol (4-8 g.), which was 
crystallised from benzene (5 c.c.) and light petroleum (30 c.c.); m. p. 131—133° (Found: C, 
89-8; H, 6-3. C,,H,,O requires C, 90-1; H, 6-1%).. 

Dehydration. The alcohol (0-5 g.) and d-camphorsulphonic acid (5 mg.) were refluxed for 
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1} hours, the solvent evaporated, and light petroleum added and allowed to evaporate. Two 
solids were obtained, namely, wy-diphenyl-y-p-tolyl-x-1-naphthylallene (III, R = p-tolyl), m. p. 
119—122° (Found: C, 94-0; H, 6-05. C,,H,, requires C, 94-1; H, 5-9%), and the isomeric 
indene (VIII, R = p-tolyl), m. p. 172—175° (Found: C, 94-2; H, 55%). The former was 
converted into the latter by hydrochloric acid in acetic acid. /-Mandelic acid gave the allene 
(m. p. 118—121°, mixed m. p. 118—120°), and -toluenesulphonic acid the indene (m. p. 172— 
175°). 

6-Hydroxy-B-phenyl-B-p-tolylpropiophenone (V, R = p-tolyl).—Dibenzoylmethane (7-2 g.) 
in benzene (36 c.c.) was added to a Grignard reagent (from ~-bromotoluene, 25 g.) at O—10° and, 
after standing overnight, the solution was treated with ice and dilute sulphuric acid and steam- 
distilled. The gum remaining was dissolved in ethyl acetate (4 c.c.), methyl alcohol (15 c.c.) 
added, and the whole cooled to 0°; the ketone then separated, mixed with ditolyl. The latter 
was removed by crystallisation from ethyl acetate-alcohol, giving the ketone (6-5—6:8 g.), 
m. p. 109—111° (Found: C, 83-6; H, 6-7. C,,H,,O, requires C, 83-5; H, 6-3%). 

Phenyl 8-Phenyl-B-p-tolylvinyl Ketone (V1, R = p-tolyl).—The above crude propiophenone 
(5 g.) was refluxed for 3 hours with concentrated hydrochloric acid (25 c.c.) and water (265 c.c.). 
The gum deposited on cooling was washed (water) and extracted with benzene, the solvent 
removed, and the residue dissolved in alcohol (40 c.c.). On cooling, lemon-yellow prisms 
(2-3 g.), m. p. 105—107°, raised to 108—109° by recrystallisation from alcohol, separated (Found : 
C,88-7; H, 5-9. C,.H,,O requires C, 88-6; H,6-0%). The mother-liquor on standing deposited 
fine yellow needles (2-2 g.), m. p. 75°, raised to 85° by recrystallisation from alcohol (Found : 
C, 88-7; H, 6-3%). 

ay-Diphenyl-y-p-tolyl-a-1-naphthylallyl Alcohol (VII, R= -tolyl).—The above vinyl 
ketone (3 g., m. p. 108—109°) in benzene (25 c.c.) was added during 15 minutes to 1-naphthyl- 
magnesium bromide (from 1-bromonaphthalene, 5-6 c.c.) at O—10° with stirring. The resulting 
solution was left overnight and then decomposed in the usual way, and the solvents and free 
naphthalene removed by distillation under reduced pressure. The residual gum was dissolved 
in ethyl acetate (2 c.c.) and methyl] alcohol (25 c.c.) and cooled to 0°; the alcohol then separated 
(2-5 g.), m. p. 145°, raised to 150—152° by crystallisation from ethyl acetate—alcohol (Found : 
C, 89-8; H, 6-3. C,,H,,O requires C, 90-1; H, 6-1%). 

Dehydration. The alcohol (1 g.) and d-camphorsulphonic acid (10 mg.) were refluxed in 
benzene (10 c.c.) for } hour, the solvent removed, and the allene precipitated by alcohol from 
ethyl acetate solution. It had m. p. 119—120° and was identical with that obtained from 
(II, R = p-tolyl). /-Mandelic acid gave the same compound, but #-toluenesulphonic acid 
produced the isomeric indene. 

Dehydration of wy-Diphenyl-ay-di-1-naphthylallyl Alcohol (Maitland and Mills, loc. cit.).—The 
alcohol (1 g.) was dehydrated by refluxing for 24 hours with d-mandelic acid (50 mg.) in benzene 
(20 c.c.). On cooling, most of the acid crystallised unchanged (m. p. 129—130°). After 
filtration the solution showed a}%j, = 2-04° and a}¥,, = 1-7° (1 = 2), not changed after 10 minutes’ 
shaking with warm sodium carbonate (10%) or sodium hydroxide (10%) solution. Evaporation 
gave almost pure di-allene (m. p. 240°). /-Mandelic acid gave a solution showing a}%, = — 1-0° 
(1 = 2), and d-tartaric acid a solution showing a2%, = 0-60° and a2%, = 0-50° (/ = 2). 


We thank the Research Committee of King’s College for a grant for the purchase of the 
dipole moment apparatus, and one of us (A. C. R.) thanks the Department of Scientific and 


Industrial Research for a maintenance grant. 
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98. Experiments on the Synthesis of Irone. 
By B. A. Kicsy and F. B. Kippinc. 


Attempts have been made to decide between the two possible structures for irone 
(I and II) by the synthesis of (I). Most of the reactions which have been used for this 
purpose are well known and occur readily in the case of ionone, the lower homologue 
of (I); in the present instance the reactions proceeded normally for several stages, but 
unexpected difficulties then arose and (I) has not yet been obtained. 
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ConTRARY to the conclusions of Tiemann and Kriiger (Ber., 1893, 26, 2675), Ruzicka, 
Seidel, and Schinz (Helv. Chim. Acta, 1933, 16, 1143) have shown that the naturally occurring 
ketone, d-irone, has probably either the structure (I) or (II), containing respectively a six- 
and a seven-membered ring. The former is suggested on the basis of the relationship 
between irone and irene (loc.+cit'; Apfelbaum and Bogert, J. Amer. Chem. Soc., 1938, 


CH:CH-CO-CH, he CH:CH-CO-CH, 
Mt | ) cu:cH-co-cH, 


| | 
A 
(I.) Irone (II.) Irene 


B-Ionone 

60, 930) and the latter from the fact that irone yields BBy-trimethylpimelic acid on ozono- 
lysis. It appeared that the best way to decide the question would be by synthesis. 
Although (II) more probably represents irone, as ring crumbling is not unlikely during the 
vigorous transformation to irene, we have first attempted the preparation of (I), a task 
which appeared to us a relatively simple matter. It will be seen that (I) is methyl-f- 
ionone and it appeared likely that it could be obtained from e-methylcitral in the same 
way as #-ionone is obtained from citral itself; the first step was therefore to prepare 
e-methylcitral and the methods attempted were based on well-known syntheses of citral 
and geraniol. In each case the synthesis proceeded smoothly up to the last stage, but at 
this point the extra methyl radical caused the reactions to occur in an unexpected manner 
and e-methylcitral could not be obtained. 

a-Bromo-fy-dimethyl-A*-butene (III), obtained from fy-dimethylbutadiene and 
hydrogen bromide (Claisen, J. pr. Chem., 1922, 105, 65), was condensed with ethyl aceto- 
acetate, and the product hydrolysed smoothly to #y-dimethyl-A*-hepten-t-one (IV), 
the structure of which was proved by ozonolysis; this ketone was then converted into the 
hydroxy-ester, ethyl B-hydroxy-e-methyl-«8-dihydrogeranate (V), by condensation with ethyl 
bromoacetate in the presence of zinc : 


CMe, CMe, Me, CMe, 
Me (Me (Me CH,°CO,Et (Me CH-CO,H 
CH,Br CH, COMe CH, CMe-OH CH, CMe 
B” pe CH,°CO,R 
(III.) CH, H, CH, (VII.) 
(IV.) (V.) (VI.) 


It was expected that the unsaturated acid (VI), e-methylgeranic acid, would then be 
formed by dehydration (and hydrolysis) and hence that e-methylcitral could be obtained 
in the same way as citral has been prepared from geranic acid (Tiemann, Ber., 1898, 31, 
827). Unfortunately all the usual methods have failed to eliminate water from (V), or 
from the corresponding acid; in all cases either no change has occurred, a cyclic oxide 
(VII, R = Et or H) isomeric with (V) has been obtained, or decomposition into dimethyl- 
heptenone and acetic acid (or ethyl acetate) has taken place. A compound analogous to 
(VII) was also obtained from ethyl §-hydroxy-«$-dihydrogeranate. 

Attention was then directed to the alternative methods by the routes shown below, in 
which the ketone (IV) is first converted into dehydro-e-methyl-linalool (VIII) and then into 
me (LX) either directly or through e-methyl-linalool (X) and e-methylgeraniol 
(XI) : 


R-COMe —~"-> R-CMe(OH)-C:CH —> R-CMe:CH-CHO 
(VIII.) (IX.) R 





R-CMe(OH)-CH:CH, —> R-CMe:CH-CH,°OH R 
(X.) (XI.) (XII) 
(R» = CMe,:CMe-CH,:CH,") 
The reactions and isomeric changes indicated are well known, and indeed linalool has 
been prepared from methylheptenone by Ruzicka and Fornasir (Helv. Chim. Acta, 1919, 
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2, 182) and converted into geraniol by Barbier (Com#t. rend., 1893, 116, 1200); on the other 
hand Rupe and Lang (Helv. Chim. Acta, 1929, 12, 1133) found that dehydrolinalool (as 
VIII) did not give citral, but yielded a six-membered tetrahydropyran derivative which 
could be oxidised to «-cinenic acid (XII; R = CO,H, R’ = H) of known structure. 

In the present instance dehydro-e-methyl-linalool (VIII) was readily obtained and from 
it e-methyl-linalool (X) : once again, however, ring closure through the oxygen atom took 
place with both these substances under conditions which usually bring about the isomeris- 
ations, and substances (XII; R= C:CH, R’ = Me; or R = CH:CH,, R’ = Me) were 
obtained. We have no evidence either in this case or above of the six-ring structure of 
these oxides, except by analogy from the work of Rupe and Lang, and as the substances 
were useless from our point of view, they were not further investigated. 

The method used by Goethals (Bull. Soc. chim., 1937, 46, 419) for the preparation of 
primary bromides from isomeric tertiary alcohols by treatment with phosphorus tribromide 
also failed : 


R-CMe(OH)-CH:CH, ——*-> R-CMe:CH-CH,Br 


Further investigations of alternative methods for the synthesis of (I) and related compounds 
are in progress. 
EXPERIMENTAL. 

a-Bromo-By-dimethyl-A®-butene (III).—$y-Dimethylbutadiene (60 g.), prepared from pinacol 
(Kyriakides, J. Amer. Chem. Soc., 1914, 36, 991. The yield of diene is diminished from 70 to 
34% at the expense of pinacolone if pure redistilled pinacol is not used), was treated with hydrogen 
bromide (1 mol. from AnalaR bromine) (‘‘ Organic Syntheses,’’ XV, p. 35) at 0°, and the product 
distilled in a vacuum; b. p. 49—52°/15 mm. Yield, 95% of the theoretical. It is essential 
to keep the product overnight before distillation to allow isomeric change to the stable bromide 
to occur (Claisen, Fl . pr. Chem., 1922, 105, 65). 

By-Dimethyl-A?-hepten-t-one (IV).—The above bromide (15-9 g.) was added to ethyl sodio- 
acetoacetate (1 mol.) in alcohol during 1 hour and after heating for a similar period the product 
was worked up in the usual way. Ithadb. p. 127—130°/llmm. Yield, 80% (Found: C, 67-9; 
H, 9-6. C,,H,.O, requires C, 67-95; H, 9-45%). This ester was hydrolysed by shaking it with 
twenty times its weight of cold 10% aqueous potassium hydroxide for 24 hours. The ketone 
was isolated by steam distillation and had b. p. 188°. It resembles methylheptenone in that it 
gives a red colour on a pine splint moistened with hydrochloric acid and in that it gives colours 
with certain aromatic aldehydes in the presence of hydrochloric acid: with salicylaldehyde, 
bright cherry-red ; with anisaldehyde, intense red; and with o-nitrobenzaldehyde, yellow. The 
colour with anisaldehyde is detectable with an alcoholic solution of the ketone containing only 
one part in a million. The semicarbazone, crystallised from alcohol, had m. p. 160° (Found : 
C, 61:0; H, 9-4. C,9H,,ON, requires C, 60-9; H, 9-6%). 

By ozonolysis in water acetonylacetone, b. p. 192° (semicarbazone, m. p. and mixed m. p. 
225—226°), acetone peroxide, m. p. 133°, and acetone (semicarbazone, m. p. and mixed m. p. 
186°) were formed : the structure of the ketone is therefore beyond doubt. 

Ethyl 8-Hydroxy-e-methyl-aB-dihydrogeranate (V).—The ketone (40 g.) was condensed with 
ethyl bromoacetate (62 g.) in the presence of zinc (24 g.) in benzene (40 c.c.) by heating during 
5 hours after the initial vigorous reaction. (The yield of product is much diminished if more 
than the specified amount of benzene is used.) The ester had b. p. 146—148°/15 mm. Yield, 
48-4 g. (Found: C, 67-9; H, 10-4. C,,;H,,O, requires C, 68-4; H, 10-56%. Found: double 
bonds by bromine absorption, 1-07 per mol., by hydrogenation, 1-08 per mol.; hydroxyl by 
Zerewitinoff, 1-11 per mol.). When the ester was heated during 6 hours at 200°, the b. p. 
gradually fell; ethyl acetate and dimethylheptenone were isolated from the product. Benzoyl 
chloride and caustic soda solution, and acetyl chloride and sodium acetate were without effect 
on the ester, and acetic anhydride and zinc chloride gave a tar. When the ester was heated 
with iodine, or in benzene solution with phosphoric oxide, the cyclic oxide (VII, R = Et) was 
formed in good yield, b. p. 121—122°/14 mm. (Found: C, 67-9; H, 10-7. C,,;H,,O, requires 
C, 68-4; H, 105%). This ester absorbed a negligible quantity of hydrogen with either the 
Adams platinum oxide catalyst or the Busch-Stéwe (Ber., 1916, 49, 1064) palladium catalyst, 
and in a Zerewitinoff estimation only small quantities of methane were evolved; these effects 
probably arise from contamination with traces of the unchanged hydroxy-ester. The same 
oxide-ester was formed in poor yield by treating the hydroxy-ester with phosphorus tribromide 
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and pyridine, and with hydrogen bromide, and, mixed with the ketone (IV), by heating it with 
benzoyl chloride, phenyl isocyanate or with potassium hydrogen sulphate. 

B-Hydroxy-e-methyl-aB-dihydrogeranic acid was obtained by the hydrolysis of the foregoing 
ester with 10% alcoholic potash : it had b. p. 168°/15 mm. (Found : equiv. by back titration, 
202-8. C,,H.O, requires 200). That this acid was unchanged by heating with acetic anhydride 
and sodium acetate was shown by b. p., equivalent weight and hydrogenation experiments 
(double bound found, 0-98 per mol.). When it was heated with phosphoric oxide, it decomposed 
into dimethylheptenone and acetic acid. 

A mixture of the dry barium salt of the acid, barium formate and sand was heated at 0-4 mm., 
first at 150° during 1} hours and finally with a free flame until no further distillate was obtained : 
the distillate was dimethylheptenone (cf. Heilbron, J., 1935, 585). 

With phosphoric oxide, a cold benzene solution of the acid gave a product, b. p. 110—116°/ 
0-05 mm. (equiv., 197). This substance absorbed scarcely any hydrogen and is doubtless 
an oxide (VII, R = H). 

Ethyl §-hydroxy-a$-dihydrogeranate was prepared from methylheptenone in a similar 
manner to that described above for its homologue; b. p. 134—138°/12—13 mm. By heating 
in benzene with phosphoric oxide, an ester, b. p. 118°/13 mm., was obtained (Found : C, 66-6; 
H, 9-9. C,,H,,O, requires C, 67:3; H, 10-3%). This ester absorbed no hydrogen with a catalyst 
and is presumably a cyclic oxide analogous to (VII). 

Dehydromethyl-linalool (VIII).—Solutions of potassium (2-8 g.) in ¢ert.-amyl alcohol (34 g.) 
and of dimethylheptenone (10 g.) in ether (15 c.c.) were simultaneously run slowly into ether 
(15 c.c.) saturated with acetylene at — 15° and stirred vigorously. The temperature was then 
raised to 0° while the stirring and passage of acetylene were continued during 6 hours. After 
standing overnight the product was shaken with dilute hydrochloric acid, and water, and 
fractionated. The carbinol (5-4 g.) had b. p. 97—99°/10 mm. [Found: C, 79-9; H, 10-9. 
C,,H,,0 requires C, 79-5; H, 108%. Found: hydroxyl (Zerewitinoff), 0-99 per mol.]. An 
explosive silver salt was precipitated in alcoholic solution by silver nitrate. 

2: 5:6: 6-Tetramethyl-2-ethinyltetrahydropyran (XII; R= CiCH, R’ = Me).—The above 
carbinol (5 g.) was heated with formic acid (38 c.c.) and water (12 c.c.) during 35 minutes. The 
product was cooled, an excess of caustic soda added, and the pyran extracted with ether and 
distilled, b. p. 64—66°/10 mm. (Found: C, 79-6; H, 10-9. C,,H,,O requires C, 79-5; H, 

10-8%). The substance formed an explosive silver salt and absorbed nearly 2 mols. of hydrogen : 
there is therefore little doubt of ivs constitution. 

Hydrogenation of Dehydromethyl-linalool.—In acetic acid solution with Adams’s platinum 
catalyst 3 mols. of hydrogen per mol. were rapidly absorbed with no break in the hydrogenation— 
time curve. The product was not isolated. Methyl-linalool (X) was best prepared by hydro- 
genation in ethyl alcohol with palladised calcium carbonate: the process was stopped after 
1 mol. of hydrogen had been absorbed, a distinct break in the hydrogenation—time curve being 
observed at this point. The product had b. p. 98—102°/10 mm., and gave no silver salt. Yield, 
80—90% of the theoretical. Dihydromethyl-linalool was similarly prepared in ethyl mR a 
marked break occurring in the hydrogenation-time curve corresponding with the absorption 
of 2 mols. of hydrogen, rather more catalyst than previously being used. The product had 
b. p. 99—102°/10 mm. and gave no silver salt. By further hydrogenation exactly 1 mol. more 
of hydrogen was absorbed and by ozonolysis a steam-volatile substance was obtained which 
gave the iodoform reaction: there is therefore no doubt that the triple bond has been com- 
pletely hydrogenated in the first case. 

Attempted Conversion of Methyl-linalool into Methylgeraniol_—Methyl-linalool (10 g.) was 
heated with trichloroacetic acid (10 g.) and acetic acid (20 c.c.) during 2} hours at 65°. The 
product was neutralised, extracted with ether and, after removal of the ether, hydrolysed by 
boiling it with 10% methyl-alcoholic potash during 4 hours. A substance (2-6 g., b. p. 76— 
78°/14 mm.) was obtained having a smell and b. p. similar to those of the pyran derivative 
described above (geraniol has b. p. 115°/12 mm.): the remaining material distilled at 78— 
182°/14 mm. and was insoluble in methyl alcohol. As it seemed clear that methylgeraniol had 
not been formed, further investigation of these products was abandoned. 

A solution of methyl-linalool (17-7 g.) and pyridine (3 g.) in light petroleum (30 c.c.) was 
slowly added to phosphorus tribromide (12 g.) and light petroleum (20 c.c.) containing pyridine 
(36 drops) at — 15°. After stirring during 3} hours and standing overnight the product was 
washed with water and sodium bicarbonate, dried, and distilled in nitrogen: the main fraction 
(10-7 g.) had b. p. 116—118°/10 mm. (Found: Br, 32-15. C,,H, Br requires Br, 34-6%). 
The bromide (4 g.) was refluxed in ethereal solution with silver benzoate (7-5 g.) during 10 hours. 
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A yellow oil (1-1 g.), b. p. 140—142°/0-35 mm., was obtained, which was hydrolysed during 
20 minutes with methyl-alcoholic:- potash : distillation gave 0-4 g. of product, b. p. 114—130°/ 
13mm. This substance was submitted to ozonolysis, and the product tested for acetonylacetone 
with semicarbazide : no semicarbazone was produced. If the changes had proceeded normally 
and methylgeraniol had been formed, there should be no difficulty in recognising acetonyl- 
acetone by its very sparingly soluble semicarbazone: the absence of methylgeraniol in the 
product may therefore be assumed. The bromide (5 g.) was heated with sodium acetate (5 g.) 
in acetic acid (10 c.c.) during 2 hours, and the product isolated in the obvious way: it had 
b. p. 73—74°/13 mm. and was clearly a pyran derivative. 


We wish to thank Mr. D. Bruce for invaluable help in the preparative work, and one of us 
(B. A. K.) is indebted to the Department of Scientific and Industrial Research for a maintenance 
grant. 
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99. The Structure and Synthesis of Croweacin. 


By Witson Baker, A. R. PENFOLD, and J. L. SIMONSEN. 


The naturally occurring substance croweacin has been proved to be 2-methoxy- 
3: 4-methylenedioxyallylbenzene (IV). Ozonolysis of croweacin or oxidation of 
croweacin glycol with lead tetra-acetate gave 2-methoxy-3 : 4-methylenedioxyphenyl- 
acetaldehyde, and, in the former case, formaldehyde. The action of alcoholic potash 
on croweacin gave the propenyl isomer isocroweacin (V). The synthesis of croweacin 
was effected by the methylation of 2-hydroxy-3 : 4-methylenedioxyallylbenzene (III), 
an intermediate in the recently described synthesis of parsley apiole. 


CROWEACIN, isolated from Eriostemon crowes (Crowei saligna) by Penfold and Morrison 
(J. Proc. Roy. Soc. N.S.W., 1922, 56, 227), has recently been shown by Penfold, Ramage, 
and Simonsen (J., 1938, 756) to be either 2-methoxy-3 : 4-methylenedioxyallylbenzene (IV) 
or the corresponding propenyl isomer (V), since croweacic acid obtained by oxidative 
degradation of the natural product with potassium permanganate was proved by synthesis 
to be 2-methoxy-3 : 4-methylenedioxybenzoic acid (II). The choice between the allyl 
(IV) and the propenyl isomer (V) was decided in favour of the latter, owing to the fact 
that a product, assumed to be the glycol, obtained from croweacin by oxidation with potas- 
sium permanganate under mild conditions was oxidised by lead tetra-acetate to 2-methoxy- 
3 : 4-methylenedioxybenzaldehyde. 

During the course of entirely independent work on the synthesis of parsley apiole and 
derivatives (Baker and Savage, J., 1938, 1602) 2-hydroxy-3 : 4-methylenedioxybenzoic 
acid (I) and 2-hydroxy-3 : 4-methylenedioxyallylbenzene (III) had been prepared, and these 
substances were obviously extremely closely related to croweacic acid and croweacin. 
Accordingly 2-hydroxy-3 : 4-methylenedioxybenzoic acid (I) was methylated and yielded 
croweacic acid (II) identical with that prepared by the degradation of natural croweacin. 

Methylation of 2-hydroxy-3 : 4-methylenedioxyallylbenzene (III) yielded its methyl 
ether (IV), but the physical properties of this substance were sufficiently close to those 
recorded for croweacin itself to suggest that croweacin was actually this allyl derivative 
(IV) rather than the propenyl isomer (V). This view received support from a comparison 
of the refractive index of natural croweacin (m3 1-5329; Penfold and Morrison, Joc. cit.) 
with the refractive indices of myristicin (m?” 1-5403) and isomyristicin (mf 1-5655) and 
with those of other pairs of similar allyl and propenyl compounds (¢.g., safrole, nj7* 1-5392, 
and isosafrole, mi%° 1-5786). 


CO,H CO,H CH, CH:CH, CH,-CH:CH, CH:CH-CH, 
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Confirmation of the accuracy of this deduction was obtained by a comparison of dibromo- 
croweacin dibromide (Penfold, Ramage, and Simonsen) prepared from natural croweacin 
with the compound similarly prepared from the synthetical substance (IV), identity being 
established by a mixed melting-point determination. 

Further proof that croweacin is correctly represented by the formula (IV) was obtained 
by ozonolysis of natural croweacin in methyl acetate solution. The products isolated 
were formaldehyde (as its 2 : 4-dinitrophenylhydrazone), 2-methoxy-3 : 4-methylenedioxy- 
phenylacetaldehyde (as its semicarbazone and 2 : 4-dinttrophenylhydrazone) and 2-methoxy- 
3 : 4-methylenedioxyphenylacetic acid. Reinvestigation of the oxidation of natural croweacin 
with potassium permanganate showed that as well as the glycol (m. p. 91°) and croweacic 
acid, croweacic aldehyde (m. p. 104°) was also produced, and we are of the opinion that the 
previous production of croweacic aldehyde by oxidation of croweacin “‘ glycol ’’ (m. p. 97°) 
with lead tetra-acetate (equivalent to 1/3 atom of oxygen) was due to the glycol consisting 
mainly of the aldehyde. This was confirmed by the failure of myristicin glycol to yield 
myristicic aldehyde under these conditions. Careful purification of the genuine glycol 
has failed to raise the melting point above 91°, and proof of its structure was afforded by 
oxidation to croweacic acid with excess of potassium permanganate at room temperature, 
and by oxidation with lead tetra-acetate (1-1 mols.) in acetic acid to 2-methoxy-3 : 4- 
methylenedioxyphenylacetaldehyde, isolated as its 2:4-dinitrophenylhydrazone. This 
derivative was identical with that prepared from the products of the ozonisation of 
croweacin. 

A difference in behaviour of synthetical and natural croweacin towards alcoholic potash 
established the fact that the former was not a homogeneous substance, and this may well 
account for the fact, previously mentioned, that their physical constants are not exactly 
the same. When natural croweacin was heated with alcoholic potash, it was converted 
into the liquid propenyl isomer isocroweacin (V), which was separated from a trace of 
sesquiterpene via the characteristic picrate, and which when oxidised with potassium per- 
manganate yielded croweacic acid. When, however, the synthetical croweacin was sub- 
mitted to the same treatment, it gave not only isocroweacin, but also a solid isomer, m. p 
64°, in about 20% yield. This substance gave a dibromo-dibromide when treated with 
bromine in acetic acid, and when oxidised it gave, not croweacic acid, but 4-methoxy- 
2 : 3-methylenedioxybenzoic acid, thus proving it to be 4-methoxy-2 : 3-methylenedioxy- 
propenylbenzene (V1). It was evident that in the preparation of (III) by rearrangement of 
the allyl ether of pyrogallol methylene ether, the usual o-migration of the allyl group had 
been accompanied by a #-migration, and hence the derived croweacin contained the position 
isomer corresponding to (VI). With the small amount of material at our disposal it has not 
been possible to prepare a homogeneous specimen of synthetical croweacin, as the 
accompanying isomer appears to possess a boiling point extremely close to that of croweacin 
itself. The non-homogeneity of (III) does not invalidate the synthesis of parsley apiole 
already recorded. The unusually large amount of -migration of the allyl group which 
occurs in the molecular rearrangement of the allyl ether of pyrogallol methylene ether is 
noteworthy ; it is probably due to the influence of the five-membered methylenedioxy-ring. 

isoCroweacin behaves in an unexpected manner towards bromine in acetic acid at 
room temperature, with which it yields 1 : 2 : 3-tribromo-4-methoxy-5 : 6-methylenedioxy- 
benzene with complete loss of the propeny] side chain. 


EXPERIMENTAL. 


Oxidation of Natural Croweacin (IV).—(a) With ozone. A solution of the oil (3 c.c.) in methyl 
acetate (20 c.c.) at 0° was ozonised until ozone was present in the issuing gases, which, during 
the oxidation, had been passed through water (A). The solvent was removed under diminished 
pressure and the residual gum was mixed with water (10 c.c.) and heated on the water-bath for 1 
hour and then on the sand-bath for 15 minutes under conditions permitting the escape of any 
readily volatile ketone (or aldehyde), the vapour being passed through a dilute acetic acid solution 
of p-nitrophenylhydrazine (B). The cooled reaction mixture, which contained a heavy brown 
oil, was extracted with ether, and the extract washed with aqueous sodium carbonate (C) and 
then with aqueous sodium hydroxide (2-5%) (D). The last solution was deep brown and there 
was obvious aerial oxidation. The ethereal extract, after washing with water, was dried; 
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evaporation of the solvent left a mobile yellow oil (1-7 g.). The oil was mixed with an excess of 
semicarbazide acetate; the semicarbazone, decomp. 190—195°, which formed very rapidly, 
was collected and washed with ether to remove a trace of resinous impurity. 2-Methoxy-3: 4- 
methylenedioxyphenylacetaldehydesemicarbazone crystallised from alcohol in small rhombohedra, 
decomp. 194—195°, unaltered by further crystallisation (Found: C, 52-6; H, 5:3. C,,H,,;0,N, 
requires C, 52-6; H, 5:2%). The 2: 4-dinitrophenylhydrazone, prepared by digestion of the 
semicarbazone with an alcoholic solution of 2 : 4-dinitrophenylhydrazine sulphate, crystallised 
from alcohol-ethyl acetate in golden needles, m. p. 169—170° (Found: C, 51-2; H, 4:1. 
C,6H,,0,N, requires C, 51-3; H, 3-7%). 

The aqueous solution (A) gave on addition of an aqueous solution of 2 : 4-dinitrophenyl- 
hydrazine sulphate a yellow precipitate of formaldehyde-2 : 4-dinitrophenylhydrazone, m. p. 
165°, both alone and in admixture. From (B), on dilution with water, a yellowish-brown solid 
separated; this had m. p. 110—120°, but the quantity was too small for purification. Acidifi- 
cation of the sodium carbonate solution (C) precipitated an acid. This was shaken with ether, 
which left undissolved a considerable quantity of resin. Evaporation of the dried extract gave 
a brown, somewhat resinous oil (0-8 g.), which slowly deposited needles. The crude acid was 
dissolved in aqueous sodium bicarbonate and filtered from resinous impurities (charcoal), the 
solution acidified, and the acid again taken up with ether, some resin remaining undissolved. 
The partly crystalline oil, which remained after removal of the ether, was digested with benzene, 
the filtered benzene extract evaporated, and the residue crystallised from cyclohexane and finally 
(twice) from hot water, 2-methoxy-3 : 4-methylenedioxyphenylacetic acid separating in long 
prismatic needles, m. p. 118—119° (Found: C, 57-0; H, 5-0. Cj, 9H,,O,; requires C, 57-1; 
H, 48%). The sodium hydroxide solution (D) was immediately acidified and yielded a 
resinous phenol (0-15 g.) which gave an intense brown ferric chloride reaction. It was not 
further examined. 

(b) With potassium permanganate. Croweacin (10 c.c.) was oxidised with potassium perman- 
ganate under the conditions used by Penfold and Morrison (loc. cit., p. 230). The crude glycol 
(4-7 g.) was crystallised (twice) from ligroin (b. p. 100—120°) and finally from ether, from which 
it separated in nodules or rosettes of needles, m. p. 90—91° after softening at 87°. This m. p. 
was unchanged by sublimation in a low vacuum or by crystallisation from either cyclohexane or 
dilute methyl alcohol (Found: C, 58-6; H, 6-2. Calc. for C,,H,,0,: C, 58-4; H, 6-2%). 
The original mother-liquor was distilled in steam to remove the solvent; the residual oil (isolated 
by extraction with chloroform) gave a further quantity of the glycol on trituration with ether. 
The oil, which was soluble in ether, reacted with Brady’s reagent to yield a 2 : 4-dinitrophenyl- 
hydrazone crystallising from ethyl acetate in red needles, m. p. 252—253°, both alone and in 
admixture with 2-methoxy-3 : 4-methylenedioxybenzaldehyde-2 : 4-dinitrophenylhydrazone. 
The alkaline solution from which the glycol had been separated gave, on acidification, an acid 
(2-5 g.), which crystallised almost completely and was identified as croweacic acid. 

Oxidation of Croweacin Glycol_—(a) With potassium permanganate. The finely powdered 
glycol (0-25 g., m. p. 90—91°, prepared from natural croweacin) was suspended in water (25 c.c.) 
containing some sodium hydroxide and shaken with powdered potassium permanganate at 
room temperature until a permanent pink colour was obtained. The filtered solution was 
concentrated and acidified; the acid which separated, m. p. 145—150°, after crystallisation 
from hot water had m. p. 153°, both alone and in admixture with croweacic acid. 

(b) With lead tetra-acetate. The glycol (0-41 g.) in acetic acid (20 c.c.; distilled over lead 
tetra-acetate) was treated with lead tetra-acetate (0-9 g.; 1-1 mols.) with occasional shaking. 
After 24 hours, water (40 c.c.) and a solution of 2: 4-dinitrophenylhydrazine (1 g.) in dilute 
sulphuric acid were added; the orange precipitate (containing lead sulphate) was collected, 
washed, and extracted with boiling alcohol-ethyl acetate. The extracts yielded 2-methoxy- 
3 : 4-methylenedioxyphenylacetaldehyde-2 : 4-dinitrophenylhydrazone in bronze needles (0-2 g., 
m. p. 165—166°), which, after recrystallisation from alcohol-ethy] acetate, formed fine, golden- 
yellow needles, m. p. 169—170°, both alone and in admixture with the specimen previously 
described. 

isoCroweacin (V).—Natural croweacin (4 g., b. p. 129—131°/10 mm., ni? 1-5346, di5: 1-1346) 
was refluxed for 68 hours with potassium hydroxide (16 g.) in alcohol (60 c.c.), and the mixture 
diluted and submitted to steam-distillation. The colourless oil extracted from the distillate 
was twice distilled, head and tail fractions being neglected, and then had b. p. 145—147°/12 mm., 
ny” 1-5649 (Found: C, 69-6; H, 6-5%). It was now treated with an equivalent of picric acid 
in hot alcoholic solution, and the picrate which separated was twice crystallised from alcohol ; 
it formed garnet-red prismatic needles, m. p. 75—76° (Found: N, 10-1. C,,H,,0;,C,H,O,N, 
requires N, 10-0%). The isocroweacin regenerated from the picrate was unaltered in b. p., but 














442 The Structure and Synthesis of Croweacin. 


had 2” 1-5675 (Found: C, 69-1; H, 6-4. C,,H,,O, requires C, 68-7; H, 63%). It posessses 
a very weak odour of the croweacin type. It may be noted that croweacin yields no picrate. 

1: 2: 3-Tribromo-4-methoxy-5 : 6-methylenedioxybenzene.—isoCroweacin was treated with an 
excess of bromine in acetic acid solution (slight warming) and after 2 hours water was added; 
the solid was collected, washed with water and alkali, and crystallised twice from alcohol. 
The 1 : 2: 3-tribromo-4-methoxy-5 : 6-methylenedioxybenzene formed rosettes of needles, m. p. 
155—156° (Found : C, 25-0, 24-8; H, 1-4, 1-5; Br, 62-4, 62-0. Calc. for C,H,O,Br,: C, 24-7; 
H, 1-3; Br, 61-7%), both alone and in admixture with a specimen prepared by the bromination 
of 1-methoxy-2 : 3-methylenedioxybenzene (Baker, Montgomery, and Smith, J., 1932, 1282). 
In order to establish beyond all doubt that the propenyl side chain had been lost during the 
bromination process and not during the isomerisation, an examination was made of the physical 
properties of 1-methoxy-2 : 3-methylenedioxybenzene. It is a very easily crystallisable solid, 
m. p. 41°, b. p. 112°/17 mm., m3” (supercooled) 1-5368. 

2-Methoxy-3 : 4-methylenedioxybenzoic Acid (Croweacic Acid) (Il).—2-Hydroxy-3 : 4-methyl- 
enedioxybenzoic acid (I) (Baker and Savage, /oc. cit.), dissolved in a solution of potassium hydr- 
oxide (2 g.) in water (5 c.c.) and acetone (5 c.c.), was warmed and shaken during the alternate 
addition of methyl sulphate (6 c.c.) and a solution of potassium hydroxide (2 g.) in water (5 c.c.). 
After heating on the water-bath, the crude croweacic acid which was precipitated on the addition 
of hydrochloric acid was collected, washed, and crystallised from hot water (needles, m. p. 
147—149°, giving a very weak ferric chloride reaction). This acid was remethylated as before, 
and then separated from water in fine needles which gave no ferric chloride reaction, m. p. 
152—153°, undepressed on admixture with a specimen of croweacic acid prepared from natural 
croweacin (Found: C, 55:2; H, 41; equiv., 194. Calc. for C,H,O,: C, 55-1; H, 4-1; 
equiv., 196). 

Synthetical Croweacin (IV), containing 4-Methoxy-2: 3-methylenedioxyallylbenzene.—2-Hydroxy- 
3 : 4-methylenedioxyallylbenzene (III) (Baker and Savage, loc. cit.) (2 g.) (containing 4-hydroxy- 
2 : 3-methylenedioxyallylbenzene) in methyl alcohol (5 c.c.) was shaken during the alternate 
addition of a large excess of methyl sulphate and aqueous potassium hydroxide. The alkaline 
mixture was heated on the water-bath for } hour and then distilled in steam. The colourless 
oil which passed over was extracted with ether, and the extract dried with sodium sulphate 
and distilled twice under diminished pressure. The product (1-7 g.) had a constant b. p. 147— 
148°/22 mm.; n}” 1-5384; di 1-1460 (Found: C, 68-9; H, 6-5. C,,H,,O, requires C, 68-7; 
H, 6-3%). It possessed a weak odour recalling that of safrole. 

Dibromocroweacin Dibromide.—The synthetical croweacin was brominated in acetic acid as 
described by Penfold, Ramage, and Simonsen. After precipitation with water the oily product 
was seeded with a trace of crystalline dibromocroweacin dibromide from natural croweacin, 
and after 12 hours the almost completely solid material was rubbed with a little light petroleum 
(b. p. 80—100°), and crystallised from light petroleum (b. p. 40—60°). It separated in pris- 
matic needles, m. p. 102—104° (Found: Br, 63-8. Calc. for C,,H,,O,Br,: Br, 627%). The 
mixed m. p. with a specimen of dibromocroweacin dibromide (m. p. 106—107°) prepared from 
natural croweacin was 103—105°, and the mixture completely solidified on cooling. 

Action of Alcoholic Potash on Synthetical Croweacin : Preparation of isoCroweacin (V) and 
4-Methoxy-2 : 3-methylenedioxypropenylbenzene (V1).—A mixture of synthetical croweacin (2 g.), 
potassium hydroxide (8 g.), and alcohol (30 c.c.) was heated on the water-bath for 48 hours (the 
same result was achieved when heating was continued for a further 48 hours), diluted, and 
steam-distilled. A colourless oil and then a solid came over, and after several hours the solid 
was collected, thoroughly drained and dried. The filtrate (a) and solid (b) were separately 
examined. 

The filtrate (a), which consisted of a milky suspension, yielded to ether isocroweacin as a 
colourless oil (1-2 g.), which was twice distilled under diminished pressure; it had b. p. 150— 
151°/15 mm., n?” 1-5665 (Found : C, 68-8; H, 6-5. Calc. forC,,H,,0,: C, 68-7; H,6-3%). The 
higher-boiling residue in the flask deposited on standing a trace of the solid isomer (b). The 
isocroweacin was identified by the characteristic picrate, m. p. 722—73°, mixed m. p. with the 
picrate previously described, 73—75° (Found: N, 10-2%), and by conversion into 1: 2: 3- 
tribromo-4-methoxy-5 : 6-methylenedioxybenzene (see above), m. p. and mixed m. p. 155—156° 
(Found: C, 25-0; H, 1-5; Br, 60-4%). 

The solid (b) was crystallised twice from light petroleum (b. p. 40—60°), in which it was 
easily soluble on warming. 4-Methoxy-2 : 3-methylenedioxypropenylbenzene (VI) (0-35 g.) was 
obtained in long blunt-ended prisms, m. p. 64° (Found: C, 68-5; H, 6-1; M, 187. C,,H,,0; 
requires C, 68-7; H, 6-3%; M, 192). 

5:6: a: B-Tetrabromo-4-methoxy-2 : 3-methylenedioxy-n-propylbenzene. | Dibromo-dibromide 
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of (VI).—Compound (VI) (0-1 g.) in acetic acid (2 c.c.) was treated with excess of bromine, and 
after 12 hours the crystalline tetrabromo-derivative (0-12 g.) was collected, washed with acetic 
acid, and crystallised twice from alcohol, in which it was rather sparingly soluble. It separated 
in thin blunt-ended prisms, m. p. 115° (Found: C, 25-9; H, 2:3; Br, 63-2. C,,H,,O,Br, 
requires C, 25-9; H, 2-0; Br, 62-7%). 

Oxidation of Synthetical isoCroweacin (V) and 4-Methoxy-2 : 3-methylenedioxypropenylbenzene 
(VI) to Croweacic Acid and 4-Methoxy-2 : 3-methylenedioxybenzoic Acid respectively.—Oxidation 
was carried out by shaking the propenyl compounds, dissolved in a little light petroleum, with 
excess of potassium permanganate at room temperature for 20 minutes. After passage of sulphur 
dioxide and removal of petroleum by boiling, the acids separated from the cooled solutions and 
were purified by crystallisation from water. The isocroweacin yielded croweacic acid (in the 
crude state accompanied by a little 4-methoxy-2 : 3-methylenedioxybenzoic acid), m. p. anc 
mixed m. p. 153°. The 4-methoxy-2: 3-methylenedioxypropenylbenzene (VI) yielded 
4-methoxy-2 : 3-methylenedioxybenzoic acid, m. p. 255—256° (decomp.) both alone and in 
admixture with the same acid prepared by Penfold, Ramage, and Simonsen. 

Myristicin Glycol (By-Dihydroxy-3-methoxy-4 : 5-methylenedioxypropylbenzene).—To a mixture 
of myristicin (7-5 c.c.), water (500 c.c.), and crushed ice (500 g.), were added potassium hydroxide 
(1-5 g.) and then powdered potassium permanganate (11 g.) in small portions with continual 
shaking. After completion of the reaction (10 minutes) the liquid was filtered, filtrate and residue 
extracted with chloroform, and the extracts dried and distilled, leaving an oil which solidified 
on standing (1-5 g.). The glycol was crystallised twice from benzene and obtained in spherulitic 
bunches of fine needles, m. p. 90—91° (Found: C, 58-3; H, 6-1. C,,;H,,0, requires C, 58-4; 
H, 6-2%). The substance gave a large depression of the m. p. when mixed with croweacin 
glycol, m. p. 91°. 

Myristicinaldehyde-2 : 4-dinitrophenylhydrazone.—Myristicinaldehyde was warmed with a 
dilute alcoholic solution of 2 : 4-dinitrophenylhydrazine sulphate. The bright red precipitate 
crystallised from alcohol—-ethyl acetate in dark brownish-red needles, m. p. 232° after previous 
sintering (Found: N, 15-7. C,;H,,0,N, requires N, 15-6%). 


The authors’ thanks are due to Mr. R. I. Savage, B.A., B.Sc., for help with preliminary 
experiments in the synthesis of croweacin. 
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100. «-Amino-f-(4-methylthiazole-5)-propionic Acid, a Possible 
Precursor of Aneurin. 
By C. R. Harineton and R. C. G. MoGGRIDGE. 


The presence of a hydroxyethyl side chain in the thiazole component of the aneurin 
molecule suggests the possible biological formation of this compound from the corre- 
sponding «-aminopropionic acid; a further extension of this idea brings the aneurin 
thiazole into hypothetical relationship with the known natural product methionine. 
a-A mino-B-(4-methylthiazole-5)-propionic acid has been synthesised with the objects of 
studying (a) its power to replace the aneurin thiazole as a growth factor for organisms 
which can utilise the two components of aneurin separately, and (b) its possible 
conversion by yeast into the aneurin thiazole. 


In none of the work which had been published on aneurin until a few months ago had 
serious consideration been given to the biogenesis of the vitamin; the present communic- 
ation represents an effort in this direction.* 


* At a late stage of this work we learnt from Dr. B. C. J. G. Knight that he had been supplied by 
Dr. E, R. Buchman with samples of the thiazole amino-acid and ethylamine derivatives which had been 
prepared by the latter in unpublished experiments. Correspondence between one of us (C. R. H.) and 
Dr. Buchman has revealed that the latter had arrived at a similar biogenetic hypothesis (compare 
Bonner and Buchman, Proc. Nat. Acad. Sci., 1939, 24, 431). Dr. Buchman’s experiments are being 
published elsewhere and we wish here to express our great appreciation of the courtesy which he has 
shown us in this matter. 
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From a biological point of view the most striking feature of the aneurin molecule is 
the occurrence in it of a thiazole group which appears here for the first time among natural 
products; moreover the thiazole group is itself remarkable in that it carries a B-hydroxy- 
ethyl side chain—which is unusual among compounds of physiological importance but 
seems in this case to be essential to biological activity. 

There is, however, one well-known biochemical reaction which might give rise to 
the 4-methyl-5-(8-hydroxyethyl)thiazole of aneurin, namely, the fermentative degradation 
of the corresponding «-aminopropionic acid; such a degradation occurs generally when 
a-amino-acids are subjected to the action of actively fermenting yeast (Ehrlich, Ber., 1911, 
44, 139; 1912, 45, 884) and is in fact the reaction which is responsible for the formation of 
“ fusel oil”’ in alcoholic fermentation ; it can also be brought about by the action of certain 
bacteria on amino-acids. 

The fact that yeast, which is the organism pre-eminently capable of effecting this 
particular degradation of amino-acids, is itself a rich source of aneurin, lends further 
plausibility to the view that the thiazole component of the vitamin may actually arise from 
a-amino-8-(4-methylthiazole-5)-propionic acid; moreover the introduction of the latter 
compound into a scheme for the biogenesis of aneurin brings this process into hypothetical 
relation with known natural products, since it is not altogether unreasonable to picture the 
thiazole amino-acid as arising itself from methionine, acetaldehyde and ammonia. 

In order to test the hypothesis outlined above, the thiazole amino-acid has been 
synthesised with the objects of studying (1) its power of replacing 4-methyl-5-(8-hydroxy- 
ethyl)thiazole in the Staphylococcus aureus growth test (Knight, Biochem. J., 1937, 31, 
966), (2) its metabolism by fermenting yeast, and (3) its possible occurrence in nature. 
The first of these tests has been kindly carried out for us by Dr. B. C. J. G. Knight with 
negative results; this failure is, however, not necessarily significant in relation to the 
general hypothesis, since it may mean no more than the inability of a particular micro- 
organism to effect the degradation of the amino-acid side chain; our intention is therefore 
now to pursue the further biochemical programme indicated above. 

The synthesis of the amino-acid has followed conventional lines and calls for no detailed 
comment. The starting material was ethyl 4-methylthiazole-5-carboxylate (I), which was 
converted through the amide into the nitrile (II) and thence into the aldehyde (III); the 
amino-acid (IV) was prepared from the last by the modified Erlenmeyer synthesis 
(Harington and McCartney, Biochem. J., 1927, 21, 852). The process involves the 
successful application in a new series of the method of Stephen (J., 1925, 127, 1874) for 
the preparation of aldehydes. 


S S S S 
ZN ZN 
CH (-CO,Et CH CCN CH ‘C-CHO CH ‘C-CH,°CH(NH,)-CO,H 
N—CMe N—CMe N—CMe N—CMe 

(I.) (II.) (III.) (IV.) 


The opportunity was also taken to prepare 8-(4-methylthiazole-5)-ethylamine, which is 
formed smoothly on heating the amino-acid (IV) in admixture with diphenylamine. This 
compound, which requires only deamination to convert it into the thiazole component of 
aneurin, has also been tested for us by Dr. Knight, who finds that it is inactive in promoting 


the growth of Staph. aureus. 


EXPERIMENTAL. 


Ethyl 4-Methylthiazole-5-carboxylate Hydrochloride.—The free ester has been prepared in 48% 
yield by Clarke and Gurin (J. Amer. Chem. Soc., 1935, 57, 1876). We have obtained better 
results by the following more rapid method. Phosphorus pentasulphide (36 g.), formamide 
(60 g.), and anhydrous ether (600 c.c.) were shaken together for 2 days; the decanted ethereal 
solution was concentrated to low bulk, and the residue twice extracted with saturated aqueous 
ammonium sulphate; the aqueous solution was then extracted thrice with ether, and the 
combined extracts evaporated. The residual crude thioformamide (23 g.), alcohol (15 c.c.), 
and ethyl a-chloroacetoacetate (47-5 g.) (Allihn, Ber., 1878, 11, 567) were mixed, with sufficient 
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cooling to keep the temperature below 45°. After some hours at ordinary temperature the 
mixture was chilled to 0°, and the ester hydrochloride collected and washed with ether. Yield, 
56% of the theoretical of practically pure product. Recrystallised from alcohol, it formed 
colourless needles, m. p. 155° (Found: Cl, 17:25. C,H,O,NS,HCI requires Cl, 17-1%). 

4-Methylthiazole-5-carboxyamide.—The free ester was obtained by shaking an aqueous 
suspension of the above hydrochloride with excess of sodium carbonate, followed by extraction 
with ether. The residue left on evaporation of the ether was shaken for 2—-3 days with aqueous 
ammonia (3 vols. of d 0-880); the amide then crystallised in part. Evaporation of the whole 
to dryness in a vacuum gave an 80% yield of almost pure amide, which, after recrystallisation 
from alcohol, was obtained as long needles, m. p. 149° (Found: N, 19-9; S, 22-8. C,;H,ON,S 
requires N, 19-75; S, 22-6%). 

5-Cyano-4-methylthiazole-—The crude amide (10-3 g.) was refluxed with freshly distilled 
phosphorus oxychloride (50 c.c.) until the solid had all disappeared; the solution on cooling 
deposited a crystalline precipitate (14-6 g.). This product was hygroscopic; it crystallised from 
ethyl acetate in colourless plates, m. p. 100°, containing phosphorus and reacting vigorously 
with water; it appears to be a complex of the nitrile with phosphorus residues. The nitrile 
was obtained by treating the above product with ice-water, basifying with sodium carbonate, 
and extracting with ether; evaporation of the dried extract left an oil, which soon crystallised. 
Yield, 60% of the theoretical. The product had b. p. 86—88°/14 mm. and, recrystallised from 
light petroleum (b. p. 60—80°), formed colourless prisms, m. p. 33-5° (Found : N, 22-4; S, 25-7. 
C;H,N,S requires N, 22-6; S, 25-85% 

The hydrochloride was obtained by passing hydrogen chloride into an ethereal solution 
of the base; it had m. p. 145° (decomp.) (Found: N, 17-35; Cl, 22-3. C;H,N,S,HCl requires 
N, 17-45; Cl, 22-1%). 

4-Methylthiazole-5-aldehyde.—Dry hydrogen chloride was passed into a mixture of anhydrous 
ether (50 c.c.) and anhydrous stannous chloride (10 g.) in a pressure bottle until the latter had 
dissolved; an ethereal solution of the crude nitrile (2-5 g.) was then added; the bottle was 
immediately corked and shaken until the solid product first formed had given place to a viscous 
yellow oil (2-5—3 hrs.). The ether was decanted, and the oil taken up in a little water; the 
solution was cooled to — 10°, treated with excess of chilled aqueous sodium hydroxide (250 c.c. 
of 40%), and rapidly extracted with ether. Evaporation of the dried (calcium chloride) ethereal 
extracts after treatment with charcoal gave the crude aldehyde in 65% yield. After recrystallis- 
ation from light petroleum (b. p. 60—80°) it formed colourless plates, m. p. 72-5° (Found: N, 
10-9; S, 25-7. C,;H,ONS requires N, 11-0; S, 25-2%). The yield of recrystallised product 
was a little over 40% of the theoretical; the aldehyde gave the Schiff reaction and reduced 
Fehling’s solution ; it formed a phenylhydrazone, orange plates, m. p. 161°, from aqueous alcohol 
(Found: N, 19-3. C,,H,,N,S requires N, 19-4%), and a semicarbazone, colourless plates, m. p. 
241°, from aqueous alcohol (Found: N, 30-05. C,H,ON,S requires N, 30-4%). In some 
preparations of the aldehyde a petroleum-insoluble by-product, m. p. 148°, was encountered ; 
in general, however, the amounts of this compound obtained were negligible and it was not 
further investigated. 

Azlactone.—The crude aldehyde (2-2 g.), hippuric acid (3-11 g.), acetic anhydride (20-5 c.c.), 
and fused sodium acetate (7 g.) were heated together on the steam-bath for 15 minutes. Water 
(300 c.c.) was added to the cooled mixture and after decomposition of the excess of acetic 
anhydride the crystalline azlactone was collected (yield, 70%). The compound formed orange- 
brown needles, m. p. 199°, from acetic acid (Found : N, 10-4. C,,H,O,N,S requires N, 10-4%). 

a-A mino-B-(4-methylthiazole-5)-propionic Acid.—The azlactone (3-6 g., crude), red phosphorus 
(3-5 g.), and a mixture (28 c.c.) of equal volumes of hydriodic acid (d 1-7) and acetic anhydride 
were refluxed together for 1 hour. The solution was filtered hot, and the filtrate evaporated in 
a vacuum, the evaporation being repeated after addition of water. The residue was shaken 
with water and ether, and the aqueous layer, after re-extraction with ether, was treated with 
excess of ammonia and again evaporated. The mixture of amino-acid and ammonium salts 
so obtained was boiled with acetone and left at the ordinary temperature overnight. Next day 
the precipitate was collected, washed with acetone, and dissolved in boiling water; the amino- 
acid separated from the cooled solution in colourless prisms, m. p. 240° (decomp.); yield, 62% 
[Found : C, 44-5; H, 5-65; N, 15-1; S, 16-9. C,H,,O,N,S requires C, 45-2; H, 5-4; N, 15-05; 
S, 17-2%. Found: amino-N (van Slyke), 7:15. Calc., 7-5%]. The amino-acid gave con- 
sistently low values for carbon on analysis; that this was not due to water of crystallisation 
was shown by the figures for nitrogen and sulphur, and by the fact that the samples analysed 
lost no significant weight on drying at 110° in a vacuum. 
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The amino-acid is sparingly soluble in cold water and readily in hot; it is insoluble in 
alcohol. It is precipitated from aqueous solution by phosphotungstic acid and mercuric 
chloride, but not by mercuric sulphate in dilute sulphuric acid. Picric and flavianic acids in 
cold aqueous solution give no precipitate with the amino-acid, but on admixture of hot con- 
centrated solutions of the amino-acid (1 mol.) and picric acid (2 mols.) a dipicrate is formed, 
which separates on cooling in yellow prisms, m. p. 146° (decomp.) (Found: picric acid, 71-1. 
C,H ,O,N,S,2C,H,O,N, requires picric acid, 71-1%). 

B-(4-Methylihiazole-5)-ethylamine Dihydrochloride.—a-Amino-$-(4-methylthiazole - 5) - prop - 
ionic acid (0-5 g.) and diphenylamine (10 g.) were heated together in a metal bath; evolution of 
carbon dioxide began at 200° and proceeded rapidly and smoothly to completion at 220°. The 
cooled melt was treated with dilute hydrochloric acid and ether, and the aqueous layer, after 
a second washing with ether, was treated with charcoal and evaporated in a vacuum. The 
residue was taken up in hot methyl-alcoholic hydrogen chloride (5N); on cooling, the dihydro- 
chloride separated in colourless prisms, m. p. 246°; separation was completed by addition of a 
little dry ether, the total yield being 50% (Found: C, 33-1; H, 5-9; N, 12-9; S, 14-55. 
C,H,.N,S,2HCI requires C, 33-5; H, 5-6; N, 13-0; S, 14-85%). The preparation of the above 
amine by Hofmann or Curtius degradation of the corresponding propionamide is mentioned in 
Brit. Pat. 456,751 of the I.G.-Farbenindustrie Akt. Ges. (Chem. Zenir., 1937, I, 286). 


UnIversity CoLtLeGE Hospitat MEpIcAL ScHOOL, 
Lonpon, W.C.r1. 
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101. The Dissociation Constants of Organic Acids. Part XX. The 
Thermodynamic Primary Dissociation Constanis of Some Alkyl- 
glutaric Acids. 

By GreorcE H. JEFFERY and ARTHUR I. VOGEL. 
The conductivities over the range 0-0001—0-01N of a number of alkylglutaric acids 


and their sodium salts have been determined at 25°. The thermodynamic primary 
dissociation constants have been evaluated. 


THE present communication provides accurate conductivity data at 25° over the range 
0-0001—0-01N for a number of substituted glutaric acids and their sodium salts. These 
have been employed for the evaluation of the thermodynamic primary dissociation constants 
by the method described in previous papers of this series. The acids studied were 
8-methyl-, 6-ethyl-, 6-1-propyl-, 66-dimethyl-, 6-methyl-f-ethyl-, 68-diethyl-, 6-methyl- 
8-n-propyl-, and $-ethyl-8-n-propyl-glutaric acids; their sodium salts and that of 86-di-n- 
propylglutaric acid were also studied, the last acid not being sufficiently soluble to yield 
trustworthy results for K,, therm. 





Malonic acid. Glutaric acid (8- or BB-). 
Ky therm. . Ky therm. K,, class 
x 104. Bo ese x 104. Joy» «95K, X 104.* Ky x 10%.* xX 104.f 
MERGE. .vccccsicccses 8-47 61-4 0-5815 53-6 0-57 6-0 § 0-60 
0-56 t 3-91 ft 
tbe. cenecercccesese 10-94 57-7 0-5189 52-2 0-52 4°7§ 0-53 
m-Propyl- ........+0++ 10-26 53-7 0-4910 50-5 0-48 4-1§ — 
Dimethyl- ............ 7-06 57-2 1-903 49-5 1-98 0-51 § 1-98 
. 2-01 f 0-46 f 
Methylethyl-......... 15-43 53-1 2-335 48-5 2-40 0-020 § 2-44 
ne 70-80 52-5 3-286 47-9 2-38 0-075 § 3-44 
Methyi-n -propyl-. —_ — 2-367 48-0 - — pene 
ae. ne atl 78-37 51-7 3-086 47-0 —_ _ — 
Di-n-propyl- ......... 91-98 51-1 _ 46-5 2-05 0-049 § 3-39 
* Measurements by ee ge si except those marked {. a Te aeente ames o> 
rw apes 2 recorded in the present paper. 


Tt 
3 Measurements by Jones and Soper. 
§ Ingold and Mohrhenn (J., 1935, 951) point out that Gane and Ingold’s figures are in error by a 


factor of 10, and this correction has been made in these cases. 
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Earlier determinations of K, by conductivity must now be regarded as very approximate 
and need not be considered here. Spiers and Thorpe (J., 1925, 127, 544) determined 
certain classical primary dissociation constants, but their method for the calculation of 

cannot now be accepted as satisfactory. Gane and Ingold (J., 1928, 2267; 1931, 
2158) determined both K, and K, for most of the above acids by potentiometric titration, 
and computed K, therm. by an extrapolation method. Jones and Soper (J., 1936, 135) 
determined both the primary and the secondary thermodynamic dissociation constants 
by potentiometric titration for 6-methyl- and 6§$-dimethyl-glutaric acids. Our results, 
together with those of the workers just referred to, and also the values of K,, therm. 
for the substituted malonic acids (Part XVI, J., 1936, 1756) are summarised in the table on 
p. 446. The figures for the limiting mobilities of the bivalent ions, lo? are also included. 


There is a serious discrepancy between our value and that of Gane and Ingold for 
K, of $8-diethylglutaric acid. Our collected results will be discussed from a theoretical 
standpoint when measurements of K,, therm. by a new potentiometric method, now 
in progress, have been completed. 


EXPERIMENTAL. 


Preparation of Materials—Acids. ®-Methyl-, 88-dimethyl-, B-methyl-f-ethyl-, 6B-diethyl-, 
6-methyl-8-n-propyl-, B-ethyl-$-n-propyl-, and ®8-di-n-propyl-glutaric acids were prepared as 
described by Vogel (J., 1934, 1761). The purification was carried out in Pyrex vessels, and all 
the solvents for recrystallisation were of analytical reagent purity. The m. p.’s were identical 
with those already given (loc. cit.). 

B-Ethylglutaric acid. A modification of Day and Thorpe’s method (J., 1920, 117, 1470) was 
employed. 31 G. of cyanoacetamide (from alcohol, and dried at 100°), m. p. 118°, were dissolved 
in 220 ml. of water with slight warming, and the cooled solution was treated with 10-7 g. of 
propaldehyde (B.D.H., freshly distilled, b. p. 48—50°). 0-55 Ml. of 50% potassium hydroxide 
solution was immediately added to the mixture, which thereupon became slightly warm and 
yellow. After standing overnight, the separated solid was filtered off, washed with water, 
ground with concentrated hydrochloric acid, and then dried in a vacuum desiccator over calcium 
chloride and potassium hydroxide. The resultant a«’-dicyano-$-ethylglutarimide (13 g.), m. p. 
147° (Day and Thorpe, loc. cit., give m. p. 147°), was refluxed with 55 ml. of concentrated hydro- 
chloric acid for 8 hours, and then cooled in ice water. The solid (A) which separated was filtered 
off and washed with concentrated hydrochloric acid; its m. p. was above 300°. The filtrate 
almost immediately deposited a white solid (B), which was collected after about $ hour; it 
melted partly at 60—70°, but had not melted completely at 150°. Solids A and B were mixed 
and refluxed with 200 ml. of 50% sulphuric acid (by vol.) for 6 hours. The liquid was saturated 
with ammonium sulphate and extracted several times with ether and the extract dried (sodium 
sulphate) and evaporated. The residue crystallised in a vacuum desiccator after about 15 
minutes, and had m. p. 68—70°. Upon recrystallisation from benzene-light petroleum (b. p. 
40—60°), the B-ethylglutaric acid melted sharply at 72°. 

B-n-Propylglutaric acid. 34 G. of pure dry cyanoacetamide were dissolved in 240 ml. of 
water and 14-5 g. of n-butaldehyde (B.D.H.., freshly distilled, b. p. 73—74°/758 mm.) were added, 
together with sufficient alcohol to give a homogeneous liquid. After the addition of 0-60 ml. 
of 50% potassium hydroxide solution, the liquid was left overnight. The solid which had 
separated was filtered off, and ground with concentrated: hydrochloric acid; upon drying as 
above, it had m. p. 136° (Day and Thorpe, loc. cit., give m. p. 136°). 30 G. of the aa’-dicyano- 
6-n-propylglutarimide were refluxed with 84 ml. of concentrated hydrochloric acid and 120 ml. 
of water for 5 hours. The acid was extracted with ether, the ethereal solution dried (sodium 
sulphate), the ether removed, and the residue kept in a vacuum desiccator until it crystallised. 
After trituration with concentrated hydrochloric acid it had m. p. 50—52°; yield, 20 g. 
Recrystallised as for the ethyl acid, it had m. p. 52°. 

Sodium salis. These were prepared in the usual manner from weighed amounts of the acids 
and standard (approximately 2n) sodium hydroxide. They were recrystallised from dilute 
ethyl alcohol (methyl alcohol was used for sodium $-methylglutarate) and dried at 130°. Their 
purity was checked by analysis : 

Substituent : Me. Et. Pre, Me,. Et,. Prs,. MeEt. MePr*, EtPr-. 


Na, % Found: 24-2 22-5 21-1 22-5 19-8 17-65 21-1 19-8 18-7 
©\ Calc. : 24-2 22°5 21-1 22-5 19-8 17-7 211 19-8 18-7 
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General Technique and Apparatus for Conductivity Measurements.—This has been described 
in earlier papers of this series; the symbols have the same significance. All the measurements 
were carried out at 25° + 0-01°. The same Pyrex and silica cells as were used in the previous 
work were employed, and their constants were found to be unchanged. 

For the sodium salts, the application of a “‘ normal ”’ solvent correction yielded the following 
results for the preliminary calculation of the mobilities required for the application of the 
combined solvent and hydrolysis correction (J., 1935, 24). 


Substituent. i lox Kz X 10’. 

fe + 604-5C°° 87 = 195-4 . 25-4 40 

Ho = oe + 432-9C0% 584 = 191-8 ° 24-4 40 

Ho = fe + 456-7C% 586 — 187-9 . 23-4 40 

Ho = be + 578-2C% 821 = 191-5 . 24-4 , 

Ho = oe + 542-60°°812 — 187-4 . 23-3 

Ho = fe + 839-3055 — 183-7 22-3 

Ho = fe + 601-2C°% 597 = 187-9 . 23-4 

Ho = pte + 491-009" 5 — 186-4 , 23-0 

Ho = Me + 554-50° 587 = 185-4 ; 22-7 


The limiting mobilities of the acid ions were calculated from the relation /,,, = 0-53/,. 
(Part XI, J., 1935, 22). The approximate values of the secondary dissociation constants 


employed are given in the last column of the above table. 
In the evaluation of K,, therm., the following figures were used for the monosodium salts 


(Part XI, J., 1935, 26) : 
Me. Et. Pr, Me,. Et,. MeEt. MePr*. EtPr*. 


78-2 77-5 76-6 76-0 75-2 75-5 75:2 74:7 
77-63 77-47 77°27 77-13 76-94 77-01 76-94 76-83 


The results for the sodium salts and acids are collected in the following tables. For the acids, 


q is the ionic concentration corresponding to the molecular concentration C, calculated as 
described in Part IX (J., 1934, 1104). Two approximations were sufficient for those acids in 
which K, < 10; for the other acids three approximations were necessary. The values for 
K,, therm. were not calculated for some of the results at low concentrations, for experience has 
shown that they are of little value in its final evaluation. 


Sodium B-methylglutarate (M = 190-06). 
Ho” = fe + 165-50%918; wo* = 206-71; Joy, = 53-6; Iggy, = 28-4. 


CX10*. poo.» [H+] 10%. poor. io". CX10*. = ors. [H*+]X10*.  pocer.. fio”. 
Run 1. Cell V. « = 0-768. Run 2. Cell S. « = 0-772. 


1-473 193-18 13-10 197-61 _ 3-672 191-64 7-89 193-18 _— 

7-707 189-09 2-80 189-86 206-81 12-49 186-55 , 186-89 206-63 
13-81 185-66 1-69 186-08 206-47 23°75 182-36 . 182-47 206-69 
31-44 180-05 0-88 180-21 206-69 43-28 177-38 . 177-44 206-74 
45-70 176-73 0-57 176-79 206-76 56-09 174-71 . 174-75 206-61 
59-70 174-30 0-46 174-33 206-76 77-41 171-72 P 171-74 (207-04) 
72-10 172-38 0-40 172-41 206-93 100-4 169-56 , 169-56 (207-91) 
85-70 170-96 0-34 170-97 (207-51) 


Sodium B-ethylglutarate (M = 204-07). 
» + 167-8018; uo* = 203-93; Ipy,, = 52-2; logy, = 27-7. 
Run 1. - Kk = 0-685. Run 2. Cell S. « = 0-683. 


189-29 193-99 —_ 5-250 186-78 3°81 188-61 203-80 
184-05 ° 184-63 203-93 16-19 181-59 1-54 181-94 203-71 
179-16 : 179-38 203-74 29-97 177-11 0-94 177:32 203-79 
174-93 , 175-00 204-08 48°81 173-21 0-53 173-23 204-12 
171-91 . 191-92 203-87 66-70 170-75 0-43 170-76 203-87 
168-37 . 186:37 204-16 79°74 169-02 0-38 169-03 204-14 
166-39 166-35 (204-62) 100-3 167-01 0-29 166-97 (204-82) 








[1939] The Dissociation Constants of Organic Acids. Part XX. 


Sodium B-n-propylglutarate (M = 218-09). 
Ho™ = pw + 165-7086; 1" = 200-62; 1,,,, = 50°5; Mynx, = 26-8. 
povs» [Ht] 10%. peer. pe" CX 104. pors.. [Ht] 108. poorr.. Jy”. 
Run l. Cell V. x = 0-667. Run 2. Cell S. « = 0-680. 


184-50 12-51 188-29 _— 4-231 183-13 6-01 184-90 _ 
181-89 3-09 182-74 200-49 10-58 179-59 2-25 180-05 200-41 
178-54 1-90 179-00 200-65 20-66 175-25 1-23 175-55 200-55 
174-54 1-10 174-75 200-44 34-22 171-45 0-82 171-58 200-73 
170-08 0-67 170-12 200-88 50°81 168-14 0-52 168-12 200-59 
167-15 0-47 167-10 200-83 70-02 165-38 0-41 165-34 (201-16) 
164-28 0-38 164-23 (201-36) 95-69 162-23 0-30 162-25 (201-46) 
161-45 0-28 161-37 (201-52) 


Sodium BB-dimethylglutarate (M = 204-07). 
Hic” = pe + 200-6078; yo" = 198-51; Igy, = 49°5; logy, = 26-2. 


Cell V. x = 0-730. Run 2. Cell S. « = 0-732. 


196-16 - 3-981 187-01 127 189-05 
185-71 (198-91) 7-692 18424 0-77 18556 
182-50 198-23 15-74 180-18 0-42 180-70 
177-96 198-55 33-32 17519 0-23 175-29 
173-58 198-61 50-45 171-67 = 0-17'—S «171-67 
17061 198-22 70-31 16883 0-13 168-80 
16817 198-37 87-46 167-12 0-10 167-07 
166-06 (199-13) 


wo 
Se 


Seeooeooe 


Sodium BB-diethylglutarate (M‘= 232-11). 
Ho” = He + 186-305; yo” = 195-33; 1p... = 47°95 lone, = 25-4. 
Cell V. «x = 0-717. Run 2. Cell S. « = 0-730. 


0-581 190-61 _— 3-321 183-52 0-195 185-18 
0-131 181-39 195-45 9-710 179-66 0-104 179-35 
0-087 177-51 195-13 19-41 175-29 0-064 174-57 
0-056 172-89 195-39 38-46 169-35 0-045 168-80 
0-037 166-87 195-06 58-53 165-37 0-032 164-81 
0-030 163-67 195-64 77°29 162-72 0-028 162-13 
0-027 160-71 195-66 96-20 160-41 0-025 159-89 
0-024 158-65 (196-41) 


Sodium Bp-di-n-propylglutarate (M = 232-11). 


io” = pe + 181-2026; pg = 192-64; Inen = 46-5; Mog, = 246. 
Cell V. x = 0-871. Run 2. Cell S. « = 0-850. 


0-475 186-03 —_ 3-512 179-52 0-183 180-71 _ 
0-133 176-06 192-65 7-486 175-98 0-123 175-59 192-93 
0-087 171-98 192-42 13-21 172-16 0-079 171-60 192-45 
0-061 167-95 192-42 24:18 167-81 0-057 166-99 192-39 
0-043 162-76 193-05 43-84 162-67 0-042 161-98 192-84 
0-034 159-70 192-41 63-78 159-38 0-030 158-70 192-86 
0-028 156-72 (194-44) 88-92 156-19 0-026 155-56 (194-42) 
0-024 154-15 (195-30) 


Sodium B-methyl-B-ethylglutavate (M = 218-09). 
Ho” = He + 207-10°852; wo" = 196-55; My, = 48°55 Iggy, = 25-7. 


Cell V. x = 0-850. Run 2. Cell S. « = 0-841. 


1-114 189-24 § — 3-116 182-47 0-815 186-12 — 
0-426 182-00 196-72 9-004 177-96 0-271 178-78 196-45 
0-214 176-65 196-33 19-08 173-51 0-156 173-47 196-47 
0-135 172-14 196-45 28-26 170-33 0-116 170-38 196-66 
0-096 167-99 196-66 45-85 165-98 0-079 165-91 196-61 
0-078 165:39 196-34 57°51 164-07 0-067 163-94 196-82 
0-062 161-80 (197-01) 81:39 140-13 0-058 159-95 197-22) 
0-053 159-10 (197-82) 101-4 157-79 0-048 157-60 (197-92) 





Jeffery and Vogel: 


Sodium B-methyl-B-n-propylglutarate (M = 232-11). 
Po” = pe + 183-9084; uo" = 195-62; yy, = 48°05 logy, = 25-4. 
CX 104, = prods.» [H*] 10%. poor. po”. CX10*. prove. [H+] 10%. peor. fe". 
Run l. Cell V. « = 0-850. Run 2. Cell S. « = 0-855. 


1-354 182-55 1-171 187-90 _— 4-231 180-39 0-608 182-71 _— 

6-300 179-23 0-347 180-15 195-71 10-68 176-81 0-237 178-26 195-72 
11-69 175-93 0-224 176-29 195-31 16:96 173-87 0-173 176-08 195-56 
21-08 172-39 0-142 172-42 195-51 29-94 169-72 0-109 169-66 195-53 
37-09 167-85 0-091 167-75 195-56 48-35 165-68 0-077 165-57 195-94 
53:16 164-89 0-072 164-67 195-73 62-17 163-54 0-064 163-38 (196-41) 
70-61 162-29 0-060 162-12 196-59) 79-51 161-33 0-057 162-13 196-97) 
97°53 159-20 0-050 159-00 (197-39) 


Sodium B-ethyl-B-n-propylglutarate (M = 246-12). 
Ho” = fe + 188-3C°*; y." = 193-54; Ip, = 47-0; logy, = 24:9. 
Run l. Cell V. « = 0-871. Run 2. Cell S. « = 0-862. 


18247 0-531 187-57 — 3-246 18069 0-198 182-55 _ 
177-20 0-123 176-75 193-39 9-652 17588 0-103 175-18 193-44 
173-38 0-082 17277 193-43 17-88 171-52 0-067 170-67 193-14 
170-75 0-063 170-00 193-25 28-67 167-96 0-053 167-12 193-46 
166-20 0-047 16558 193-52 49-01 162-73 0-037 162-21 193-64 
16205 0-034 161-41 194-00 60-77 160-54 0-031 160-04 193-96 
158-54 0-029 157-97 (194-38) 84-95 157-22 0-027 156-72 (194-66) 
155-73 0-025 155-20 (194-87) 


Molzcular Conductivities of Sodium Salts of Alkyiglutaric Acids at 25°. 


Cc x 104. Me. Et. Pre, Me,. Et,. Pr*,. MeEt. MePr*. EtPr?. 
5-0 191-90 188-75 184-30 187-82 182-75 178-53 182-50 181-65 179-28 
10-0 188-20 185-05 180-50 183-80 179-05 173-65 178-15 177-50 = =174-95 
20-0 183-65 180-38 175-70 179-15 174-22 168-50 172-95 172-72 169-85 
30-0 180-50 177-30 172-60 176-03 171-03 165-25 169-63 169-55 166-75 
40-0 177-90 174-95 170-15 173-65 16848 162-78 167-05 167-15 164-20 


50-0 175-75 173-05 168-25 171-72 166-40 160-90 165-18 165-18 162-10 
174-05 171-50 166-55 170-05 164-65 159-35 163-40 163-65 161-25 
172-55 170-15 165-20 168-85 163-18 158-03 161-78 162-11 158-73 
171-43 168-98 163-95 167-83 161-70 156-70 160-38 160-95 157-20 
170-53 167-95 162-85 166-95 160-50 155-55 159-15 159-75 155-95 
169-65 166-98 161-85 166-25 159-55 154-65 157-:10 158-75 154-90 


Primary Dissociation Constants at 25°. 
p-Methylglutaric acid (M = 148-12; A, = 376-4). 


Ky, Ky, Ky, 
fe class. Ay. X10. therm. Cx10%. pw. class. Ay @x104. 
x 104, x 104. xX 104. 


Run l. CellQ. x = 0-930. Run 2. Cell R. « = 0-713. 


67°85 0-6165 oa _- as 1001 83-17 0-6276 — —_— — 
61-21 0-6121 — — oe 2-127 658-81 0-6158 — — — 
38-25 0-6081 374-48 565-4036 0-5823 3-950 0-6058 374-61 4-6205 0-5823 
35-80 0-6087 374-39 56-8222 0-5820 6-783 0-6084 374-33 6-1611 0-5811 
32-43 0-6095 374-27 6-5014 0-5812 8-349 . 0-6109 374-19 6-8833 0-5818 
28-53 0-6113 374-10 7-5005 0-5808 9-192 . 0-6112 374-13 17-2388 0-5815 
25:85 0-6129 373-93 8-3642 0-5809 10-42 . 0-6115 374-03 17-7308 0-5808 
Mean 0-5815 


p-Ethylglutaric acid (M = 160-10; A, = 375-7). 
Run l. CellQ. x = 0-691. Run 2. Cell R. « = 0-695. 


82-09 0-5524 — — —_ 1-261 70-55 0-5473 _ —_— _ 
59-13 05438 — —_ —_ 2-705 49-42 0-5389 374-11 3-5371 0-5205 
43:19 0-5401 374-02 41770 0-5200 4-350 39-61 0-5404 373-93 4-6079 0-5193 
37-08 0-5406 373-87 4-9605 0-5186 6-002 34-05 0-5421 373-77 5-4676 0-5190 
31-97 0-5425 373-69 5-8646 0-5186 7-428 30-78 0-5432 373-64 6-1191 0-5186 
29-80 0-5430 373-61 6-3233 0-5181 8-328 29-14 0-5433 373-57 6-4978 0-518] 
28-14 0-5440 373-53 6-7572 0-5183 9-754 27-03 0-5441 373-46 70613 0-56191 
Mean 0-5189 
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f-n-Propylglutaric acid (M = 174-11; A, = 374-8). 


K , K ® . I» 
Cx10%. pe class. Ay X10 therm. Cx10%. py, class, Ay. oX104, 
x 104, x 108. x 104. 


Runl. CellQ. «x = 0-697. Run 2. Cell R. « = 0-713. 


0-893 79:94 05162 — —_ _— 1-367 65°95 05135 — — 

1-728 59-25 05128 — _— _ 2-515 49°82 05125 — - 

3-278 43-99 0-5116 373-18 3-8637 0-4910 4-223 39-05 0-5117 373-05 4-4205 

5174 35-48 0-5122 372-94 4-9227 0-4915 5-672 33-97 0-5123 372-91 5-1669 0-4912 

6-025 33-01 0-5126 372-89 5-3336 0-4910 6-782 31-20 0-5127 372-83 5-6755 0-4905 

7-669 29-44 0-5135 372-75 6-0568 0-4905 8-407 28-19 0-5142 372-72 6-3585 0-4912 

10-16 25-74 0-5146 372-64 7-0201 0-4898 9-579 26-48 0-5145 372-66 6-8065 0-4906 
Mean 0-4910 


Bp-Dimethylglutaric acid (M = 160-10; Ay = 374-2). 
Run l. CellQ. « = 0-930. Run 2. Cell R. x = 0-713. 


1-243 125-26 2-094 _— — _ 0-955 139-95 2-135 
2-224 97-68 2-050 —_— — _— 3-008 85°61 2-042 
4-303 72-90 2-028 371-72 8-4378 (1-924) 3-578 79-03 2-024 —- — 
6-097 62:14 2-017 371-39 10-2022 1-903 4-948 6824 2-013 371-59  9-0863 
7-051 58-20 2-020 371-22 11-0546 1-903 6-486 60-47 2-020 371-31 10-8090 
8-370 53-84 2-024 371-02 12-1451 1-901 7-690 56-00 2-026 371-12 11-6011 
10:34 48-76 2-028 370-75 13-6243 1-899 9-344 51:19 2-027 370-89 12-8956 
Mean 1-903 


Bf-Diethylglutaric acid (M = 188-13; Ay = 373-4). 
Run l. Cells J and V. « = 0-932. Run 2. Cells Jand V. « = 0-685. 


0-623] 205-54 4-231 —_ _ —_— 1-001] 173-74 3-826 —_ — 
4-050V 94:63 3-423 370-73 10-3379 3-288 2-167V 116-61 3-718 — — 
5-334V 84-21 3-503 370-38 12-1281 3-291 4-374V 91:15 3-448 370-64 10-7568 
5-514] 82-87 3-490 370-34 12-3376 3-278 6-0667 79-62 3-505 370-19 13-0467 
7-816V 71-34 3-528 369-73 15-0824 3-285 69087 75°23 3-512 369-97 14-0468 
9-097V 67-22 3-595 369-49 16-1721 3-275 84917 69-09 3-567 369-59 15-8728 
9-886V 64:96 3-614 369-28 17-3905 


Mean 3-286 
B-Methyl-B-ethylglutaric acid (M = 174-11; A, = 373-7). 
Run l. Cell Q. « = 0-922. Run 2. Cell R. « = 0-689. 


1-551 123-08 2-510 — —_ 1-012 148-71 2-661 — — 
2-389 102-81 2-495 _ _ 3-060 92-00 2-460 _ 
4-366 78:96 2-471 371-07 9-2846 2- 5-276 72-61 2-472 370-89 10-3290 
6-100 68-10 2-477 370-71 11-2066 2- 6-751 65-15 2-484 370-60 11-8680 
8-173 59-74 2-486 370-33 13-1849 2- 7-739 61:23 2-485 370-42 12-7925 
9-184 56-65 2-489 370-18 14-0547 2- 8-715 58-04 2-489 370-25 13-6616 
10-24 563-96 2-495 370-00 14-9337 2- 9-959 54:62 2-492 370-05 14-6998 


p-Methyl-B-n-propylglutaric acid (M = 188-13; A, = 373-4). 
Run l. Cells J and V. « = 0-924, Run 2. Cells J and V. 


08977 152-28 2519 — — 3-250V 90-02 2497 — — 
2-076J 109-30 2514 — — 4-270] 80-15 2-505 370-79 9-1665 

3-609V 86-14 2-497 370-95 83818 2 5-296 72-99 2-516 370-57 10-4314 2-368 
5-126J 74-00 2-511 370-59 10-2358 2 6-115V 68-46 2-518 - 370-41 11-3019 2-369 
6-645 65-97 2-520 370-30 11-8387 2 7-200V 63-65 2-522 370-21 12-3789 2-368 
8-946V 57-45 2-508 369-90 13-8931 (2-342) 8-398 58-38 2-525 369-99 13-4780 2-366 
1062V 53-21 2-525 369-62 15-2909 2 9-931V 55-01 2-528 369-75 15-1291 2-365 
10-84V 52-90 2-534 369-59 15-5107 2-364 Mean 2-367 


p-Ethyl-B-n-propylglutaric acid (M = 202-14; A, = 372-9). 


Run l. Cells J and V. «x = 0-930. Run 2. Cells Jand V. x = 0-761. 


06657 16912 3601 — ~ 2-020V 124-85 3402 — - = 
1-678V 134-36 3405 — ~— 4:133J 91-27 3-279 370-12 10-1920 3-097 
3-966V 93-37 3317 — ante 5-4597 80-94 3-285 369-78 11-9491 3-090 
48917 84-90 3-282 369-91 11-2242 6-502V 75-02 3-295 369-54 13-1996 3-090 
6-830] 73-26 3-286 369-48 13-5416 7-513] 70-38 3-299 369-33 14-3169 3-087 
6-890V 73-04 3-288 369-47 13-6199 3- 8-650V 66-07 3-300 369-10 15-4838 3-081 
7-956] 68-61 3-300 369-24 14-7819 9:5697 63-15 3-304 368-93 16-3794 3-086 
10:17V 61-47 3-309 368-82 16-9497 Mean 3-086 
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Molar Conductivities of Acids at Round Concentrations at 25°. 


Me. Et. Pre, Me,. Et,. MeEt. MePr-. EtPre, 
83-2 78-6 75:7 137-0 174-0 150-0 148-0 169-2 
57-1 53-4 100-0 121-8 108-4 108-3 124-4 
46°3 43-8 84-4 105-0 92°3 92-6 103-9 
41-0 40-2 75-2 94-9 82-1 82-7 92-6 
37-0 36-0 68-2 86-7 74:5 75-1 84-2 
34-1 33-0 62-9 80-2 68-6 69-4 77-7 
31-8 30-4 58-6 75-1 64-1 64:5 72-6 
29-8 28-7 53-1 70:8 60-3 60-6 68-5 
28-2 27-2 52-2 67-5 57-1 57-4 65-1 
27-4 25-9 49-7 64:9 54-3 54-8 62-0 
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102. Pectic Substances. Part II. Isolation of an Araban from the 
Carbohydrate Constituents of the Pea-Nut. 


By E. L. Hirst and J. K. N. Jongs. 


Separation of the two components of the pectic acid-araban complex present in the 
pea-nut was effected by lengthy extraction with aqueous alcohol. The araban so 
obtained was purified by converting it into the acetate, the properties of which are 
recorded. After removal of the acetyl groups, pure araban was obtained as a hygro- 
scopic powder, [«]) — 160° in water. On hydrolysis it gave quantitatively /-arabinose, 
the rate of hydrolysis indicating the presence of arabo-furanose residues in the poly- 
saccharide. The importance of this isolation of an araban of definite purity and known 
properties is discussed in relation to the wide-spread occurrence of arabans in nature. 


ALTHOUGH it has long been recognised that pentosans are of common occurrence in pectic 
materials, the difficulties encountered in attempts to effect their isolation have been so 
serious that no definite information has hitherto been available concerning the physical 
properties of these substances. This lack is felt with special force when endeavours are 
made to estimate the proportions of araban, galactan, and pectic acid present in the various 
natural pectins. The work of Ehrlich (Biochem. Z., 1926, 168, 263; 1928, 203, 243) showed 
that the araban in pectins has a strong levorotation, figures ranging from [a], — 25° 
to — 173° being observed for different araban-containing preparations. For the araban 
which accompanies polylevans in the carbohydrate portion of Jerusalem artichokes, 
Schlubach and Knoop (Amnalen, 1932, 497, 208) have estimated a value of about — 130°. 
It is, of course, possible that various differently constituted arabans, differing in rotation, 
may occur in nature, and the investigation of this problem would be greatly facilitated if 
the arabans or their derivatives could be isolated in a condition of purity. In collaboration 
with Mr. G. H. Beaven we are examining the possibility of separating arabans from pectins 
of the citrus, apple, strawberry, raspberry and hawthorn berry types and the experimental 
difficulties are mainly centred in the separation of araban from its admixture with galactan. 
We therefore turned to another source and have succeeded in obtaining an araban in the 
pure state by taking advantage of the low galactan content of the pectic materials of the 
pea-nut (Hirst and Jones, J., 1938, 502). Tedious extraction of the latter with 70% alcohol 
gave a solution containing araban contaminated with only small proportions of other 
substances. The araban acetate ([x]) — 90° in acetone), prepared from the crude araban 
by treatment with pyridine and acetic anhydride, was free from galactan and pectic acid and 
on deacetylation it passed readily into the free araban, the rotation of which had the large 
negative value of [«], — 160° in water. This is close to the highest value recorded by 
Ehrlich and it seems likely that this preparation of Ehrlich and the material we now 
describe are closely similar. It will be shown in Part III (following paper) that the araban 
now under consideration is structurally identical with the araban present in apple pectin. 








[1939] Hirst and Jones: Pectic Substances. Part II. 453 


Its methyl derivative, which is obtainable with much greater ease, has already been 
described (Hirst and Jones, loc. cit.). The rotation of the methylated araban (— 90° in 
methyl alcohol) shows a marked divergence from that of the free araban, but such 
differences are not unusual in the arabinose series. 

On hydrolysis the free araban gives crystalline /-arabinose in 96% yield and a comparison 
of the rate of hydrolysis with that of methylarabofuranoside leads to the view that the 
arabinose residues of the polysaccharide are exclusively furanose in type. Now a-methyl- 
d-arabinoside has recently been obtained in a pure condition by Hudson and Montgomery 
(J. Amer. Chem. Soc., 1937, 59, 992), who recorded for it [«]p +123° in water. The 
enantiomorph in the /-series will therefore have the value — 123° and since this is close 
to the figure now obtained for pea-nut araban it is probable that all the glycosidic links in 
the polysaccharide molecule possess the «-configuration. 


EXPERIMENTAL. 


Extraction of Avaban: Preparation of Avaban Acetate-—The finely powdered pectic acid— 
araban complex (60 g.) ([a]}” + 79°; equiv. wt., 452) prepared from the carbohydrate portion 
of the pea-nut by the method described previously (Hirst and Jones, loc. cit., p. 500) was shaken 
at room temperature with 70% alcohol for 8 weeks. The undissolved material was then 
removed by filtration and the filtrate, which contained a trace of pectic acid, was neutralised 
with n/10-sodium hydroxide. On evaporation of the solution to dryness, crude araban (1-5 g.) 
was obtained as a brown hygroscopic solid. This was separated from sodium pectate by 
shaking with pyridine containing 2% of water, in which the araban dissolved. Half the 
volume of acetic anhydride was then added, and the solution heated at 60° for 12 hours. Some 
flocculent matter was then removed in the centrifuge and the solution was poured into water. 
The precipitated araban acetate was filtered off, washed with water until free from pyridine and 
acetic acid, and dried. It was a white powder (1-2 g.), soluble in acetone, hot methyl and hot 
ethyl alcohols (insoluble in the cold) and insoluble in light petroleum and water. [a«]}” — 90° in 
acetone, c 0-74 (Found: CH,°CO, 39-7; furfural on distillation with 12% hydrochloric acid, 
31-5. C,H,,O, requires CH,°CO, 39-9; furfural, 32-0%). 

Deacetylation of Araban Acetate; Properties of Pea-nut Araban.—The above araban acetate 
(0-83 g.) was deacetylated by heating for 5 hours with a slight excess of n-sodium hydroxide 
(8-0 c.c.). The solution was concentrated, and the araban precipitated by addition of alcohlo, 
It was purified by reprecipitation from a concentrated aqueous solution by addition of alcohol, 
washed with alcohol, and dried in a vacuum. The free araban (0-40 g.) so obtained was a 
hygroscopic powder, very slightly discoloured, which dissolved readily in water. It was 
insoluble in acetone, ether, and alcohol, but tended to form colloidal suspensions in the last- 
named solvent. {[a]7!° — 160° in water, c 1-44. 

When heated with n/20-sulphuric acid (20 c.c.) at 95°, the araban (0-28 g.) was hydrolysed, 
the reaction being followed polarimetrically : [«]#° — 160° (initial value, c 1-4); — 94° (35 
mins.); — 16°(1-5hrs.); + 28° (2hrs.); + 77° (2-8hrs.); + 106° (4-3 hrs.); + 115° (5-2 hrs. ; 
constant value). On the assumption that /-arabinose is the only sugar formed, this final value 
indicates a yield of 97% of the theoretical. An aldose estimation (iodometric, by Baker and 
Hulton’s method) gave 0-30 g. of pentose (calc., 0-318 g.). The solution was neutralised with 
barium carbonate and filtered. On evaporation of the solution at 40°/12 mm., a syrup (0-30 g.) 
was obtained which set to a solid mass of crystalline /-arabinose, m. p. (without recrystallis- 
ation) and mixed m. p. with an authentic sample, 158°, [«]?” + 105° (equilibrium value in 
water); diphenylhydrazone, m. p. 198° (yield of pure /-arabinose, allowing for material used 
for rotations and titration, 96% of the theoretical). 


The authors thank the Colston Research Society and Imperial Chemical Industries Ltd. 


for grants. 
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103. Pectic Substances. Part III. Composition of Apple Pectin and 
the Molecular Structure of the Araban Component of Apple Pectin. 


By E. L. Hirst and J. K. N. Jones. 


The properties of pectin obtained from apple pomace have been studied and 
evidence has been obtained in favour of the view that this pectin is a mixture con- 
taining araban, galactan, and the methyl ester of pectic acid. The pectic acid is com- 
posed mainly, if not entirely, of anhydrogalacturonic acid residues. The araban 
portion has been isolated in the form of its methylated derivative, which on hydrolysis 
gives rise, in equimolecular proportions, to 2 : 3 : §-trimethy] /-arabinose, 2 : 3-dimethyl 
l-arabinose, and 3-methyl/-arabinose. Proofs of the structure of these sugars are given 
and it appears that all three are combined in the polysaccharide in the furanose form. 
The constitution of the araban present in apple pectin is discussed in the light of the 
above observations and it is shown that in the main features of its structure this 
araban is identical with the araban which can be isolated from the pectic materials 


of the pea-nut. 


It is well established that pectins of various origin contain pentosan constituents and 
amongst these, derivatives of --arabinose are of common occurrence. We have shown in 
previous papers (J., 1938, 496; preceding paper) that the polysaccharides present in the 
pea-nut include an araban which is found in close association with pectic acid and we 
have undertaken structural investigations on a series of arabans obtained from various 
natural sources with the object of ascertaining whether or not the same type of chemical 
constitution is common to them all. The present paper is concerned with the composition 
of apple pectin and the structure of its araban constituent. The evidence now presented 
indicates that this araban and the one present in the pectic material of the pea-nut possess 
the same fundamental chemical structure. 

The apple pectin required for the investigation was extracted from cider apple pomace 
and was obtained in the form of a cream-coloured powder, analysis of which indicated the 
presence of anhydrogalacturonic acid residues (49-2%), araban (20%), and galactan (ca. 
30%). The method of extraction used was such that the pectic acid remained in the 
form of its methyl ester and the pectin was freely soluble in water, giving viscous solutions. 
Evidence has been-obtained in favour of the view that the above-mentioned constituents 
of apple pectin are not in chemical combination with each other and we are therefore in 
general agreement with the views of Schneider and Bock (Ber., 1937, 70, 1617) and of 
Norris and Resch (Biochem. J., 1937, 31, 1950) concerning the mode of occurrence of the 
pentosans and other carbohydrates which are found in pectic substances. In this con- 
nexion a comparison may be made between the apple pectin described in this paper and 
the corresponding material prepared by the latter authors (loc. cit.). It is apparent that 
the use of different methods of extraction and purification has resulted in the isolation 
of substances having widely different properties. 

OMe, %. Uronic anhydride, %. Anhydroarabinose, %. 
Apple pectin (present work) 9-5 49-2 18 
Apple pectin (Norris and Resch)... 10-0 76-2 10-4 

When the apple pectin was extracted by hot 70% alcohol, the pectic acid remained 
almost entirely undissolved and the solution contained a mixture of araban and galactan. 
Attempts to separate the araban and the galactan, either in the free state or as their 
acetyl derivatives, were unsuccessful, but this separation was effected by methylation in 
alkaline solution (see experimental section), methylated araban then being isolated. It 
follows that neither the araban nor the galactan is chemically combined with the pectic 
acid and furthermore the araban is not chemically bound to the galactan. The action of 
dilute acid on the araban-galactan mixture resulted in hydrolysis of the pentosan, leaving 
the galactan. Indeed the araban is by far the most readily attacked by hydrolytic agents 
of any of the components of apple pectin and by treatment with n/20-mineral acid at 
95—100° it is possible to remove the whole of the pentosan material, which is transformed 
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into arabinose, the methyl pectate and the portion containing the galactose residues re- 
maining almost unaltered. This observation, coupled with the behaviour of methylated 
araban on hydrolysis, provides strong evidence that all the arabinose residues are present 
in the furanose form. On the other hand, since the galacturonic acid and galactan residues 
are highly resistant to hydrolysis and possess large positive rotations, they are probably 
pyranose in structure. 

After removal of the araban portion of the pectin by preferential hydrolysis there 
remained a methyl pectate-galactan complex the properties of which are given under (B) 
in Table I of the experimental section. From this the galactan was removed by forming 
the sodium salt of the pectic acid and precipitating the free acid. After several repetitions 
of this process a pectic acid was obtained which had an equivalent weight of 185, [«]>?” +276°, 
and a uronic anhydride content of 96-7%. This represents the closest approach we have 
yet made to a pure polygalacturonic anhydride of equivalent weight 176. Whether the 
remaining 3—4% consists of other organic material, for example, galactan, or whether it 
consists of closely bound water, difficult to remove by ordinary drying, is not yet certain. 
It has, however, been observed that some poly-uronic anhydrides do retain water very 
tenaciously, as is shown by the work of Pauli and Sternbach (Kolloid-Z., 1938, 84, 291) on 
the viscous form of alginic acid, which could not be dehydrated beyond the stage represented 
by (CgH,O04,H,0),. 

The araban is stable towards alkali under conditions which produce extensive decom- 
position of the pectic acid. We accordingly made use of this fact to obtain in a pure 
condition the methyl derivative of the araban. When the apple pectin was heated with 
methyl sulphate and sodium hydroxide, the pectic acid was largely destroyed, the galactan 
was comparatively resistant to methylation, and the product consisted mainly of methylated 
araban. Methylation was completed by the use of thallium ethoxide and methyl iodide 
(see Part I, Joc. cit.). After purification of the product by fractional precipitation from 
solvents, a fully methylated substance was obtained with properties closely similar to those 
of the methylated araban from the pea-nut. The structural identity of the two methylated 
derivatives was shown by the behaviour of the new methylated araban on hydrolysis. 
An equimolecular mixture of three different methylated arabinoses was obtained, in the 
form of their methyl glycosides, when the methylated araban was heated with methyl- 
alcoholic hydrogen chloride and the products were separated by fractional distillation. 
The identity of the first of these, 2 : 3 : 5-trimethyl /-arabo-furanose, was fully substantiated 
by its oxidation to the crystalline y-lactone of 2 : 3: 5-trimethyl /-arabonic acid, from which 
the corresponding characteristic amide was prepared. The second sugar was 2 : 3-dimethyl 
l-arabinose and the identity of this followed from the following considerations. The free 
sugar had a high positive rotation and was present therefore in the pyranose form. On 
oxidation by bromine water, the sugar gave in good yield the y-lactone of 2 : 3-dimethyl 
l-arabonic acid, the identity of which was confirmed by its transformation into the corre- 
sponding crystalline amide (Hirst and Jones, loc. cit.). From these observations it is 
clear that in the dimethyl sugar there can be no attachment of methoxyl groups at C, or 
C,;, and it must therefore be 2 : 3-dimethyl /-arabinose. 

As was the case also with the corresponding sugar from methylated pea-nut araban, 
difficulties were encountered in providing a rigid proof of the constitution of the third 
hydrolysis product owing to the fact that crystalline reference compounds could not be 
obtained. There is, however, strong evidence pointing to the identification of the sugar 
as 3-methyl /-arabinose, this structure being ascribed on the basis of the following observ- 
ations. The sugar is a monomethy]l arabinose with a strong positive rotation; the methyl 
group is not, therefore, attached to the hydroxyl at C;. It gives an ssopropylidene deriv- 
ative by condensation with acetone and it yields a y-lactone when oxidised by bromine 
water. Furthermore, this lactone gives rise to a monomethyl /-arabonamide, which gives 
a strong positive Weerman test, the yield of sodium cyanate produced being similar to 
that normally given by «-hydroxy-amides of the sugar group. It follows that there are 
free hydroxy] groups attached at C, and at C,, and the sugar must be 3-methyl /-arabinose. 
No evidence could be obtained of the presence of isomeric monomethy] derivatives. 

The specific rotation, [«]) — 86° in methyl alcohol, of the methylated araban, together 
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with the ease of hydrolysis and the nature of the hydrolysis products, indicates that all 
the arabinose residues in the polysaccharide are furanose in structure and probably of the 
a-configuration. It appears, therefore, that the hydrolysis products are identical with 
those obtained from methylated pea-nut araban, and consequently the structural problem 
is the same as that considered in our former paper. The two arabans appear to be identical 
in their fundamental chemical structure, the principal features of which have now been 
ascertained. The methylated polysaccharide consists of a main chain with branches, 
the trimethyl /-arabofuranose residues (I) being the terminal units of the branch chains. 
In addition, the repeating unit contains a dimethyl /-arabofuranose residue (II) joined to 


H #0 ins H / o-- H o-= ( } 
< < Ap sAry- 
OMe H OMe H | 7 > ° 
MeO-H,C | H --o-H,C = H _-o-H.c H | A 
H OMe H were L 


H OMe 
(I.) (II.) (III.) (IV.) 


other arabofuranose residues through the hydroxyl groups at C, and C;, and a third /- 
arabofuranose residue (III) attached to other residues through hydroxyl groups at C,, 
C,, and C;. It is of special interest that in this araban we have a further example of a 
natural substance in which sugar residues are linked together glycosidically through 
positions 1 and 2. At present no evidence is available concerning the molecular or particle 
weight of these arabans, nor is it possible to differentiate between the various possible 
ways of building up a polysaccharide from the residues mentioned above. One such 
structure is indicated above (IV), the symbols used being those adopted in our earlier 
paper, in which will be found a fuller discussion of the various possibilities. Work on the 
comparative molecular sizes of arabans from different sources will be reported in a later 


communication. 
EXPERIMENTAL. 


Preparation and Examination of Apple Pectin.—The pectin was obtained from cider apple 
pomace, for a supply of which we wish to express our thanks to Professor B. T. P. Barker and 
Mr. V. L. S. Charley of the Long Ashton Research Station. The pomace was stirred for 5 hours 
with boiling water and, after cooling, the mixture was pressed in a linen bag and the liquid 
poured into three times its volume of methylated spirit containing 1% of hydrochloric acid. 
The precipitated pectin was filtered off and triturated with methylated spirit until free from 
hydrochloric acid. It was then dried in a vacuum oven at 40°. Further purification was 
effected by solution of the pectin in water, filtration through a bed of kieselguhr, and precipit- 
ation with alcohol. Apple pectin so prepared was a nearly colourless powder, soluble in water. 
The method of preparation was such that the methyl ester groupings remained intact and in 
consequence the pectin showed a high methoxyl content. It was analysed by the standard 
procedures and the results are collected in the accompanying table. (Substance A). 


TABLE I. 


Substance Methyl pectate-  Pectic Araban- 
i galactan acid galactan 
complex mixture 
(B) (C) (D) 
250 185 Not acidic 
[alp in water +230° +276° — 30° 
OMe, % . 10-2 nil nil 
Yield of furfural, % (when boiled with 12% 
HCl) 16-4 = 28 
Uronic anhydride, % (from yield of CO, on 
boiling with hydrochloric acid) 73 96-7 nil 
Pentosan, % (calc. as araban) nil nil 54 
Galactan, % (approx. only: estimated by 
difference) 21 (<4) 46 


These figures indicate that the galacturonic acid residues in this sample of apple pectin 
are present almost exclusively as the methyl ester, an observation which serves to explain the 
ready solubility of the pectin. From the figures for furfural and uronic anhydride it appears 
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that the amount of pentosan present is ca. 20%. The pentosan portion was removed by gentle 
hydrolysis of the pectin by n/20-sulphuric acid at 90° for 4 hours. Reducing sugar was liberated 
and the viscosity of the solution greatly diminished. The filtered solution was poured into 
alcohol and the insoluble pectic ester-galactan complex (B) was washed until free from sulphuric 
acid. The alcoholic solution contained free arabinose, identified as the diphenylhydrazone, 
m. p. 196° (yield of reducing sugar, ca. 20% of weight of pectin). No sugar other than /-arabinose 
was identified, but it is not impossible that others may have been present in small quantity. 
The pectic ester-galactan complex had [a]p) + 230° (c, 1-48 in water). It is somewhat re- 
markable that the methyl ester group had not hydrolysed during the treatment with acid 
(Found : OMe, 10-2%). The equiv. wt. of (B) (by titration) was 250—255, in good agreement 
with the uronic anhydride content (73%) estimated in the usual manner. Furfural: 16-4, 
equivalent to the presence of 74% of uronic anhydride. These figures show that the whole of 
the pentosan had been removed. The complex (B) gave 44% of mucic acid on oxidation 
with nitric acid, but the quantitative significance of this figure is doubtful, in view of the un- 
certainty as to the yield of mucic acid from polysaccharides which hydrolyse with difficulty. 

Preparation of Pectic Acid.—The pectic ester-galactan complex (B) (3-6 g.) was dissolved 
in N-sodium hydroxide, and the pectic acid precipitated from dilute solution (600 c.c.) by 
hydrochloric acid, washed with water, reprecipitated four times from the calculated quantity 
of dilute sodium hydroxide solution, and then converted into the sodium salt, which was dis- 
solved in water (600 c.c.). Addition of calcium chloride solution gave the insoluble calcium 
salt, which was washed free from calcium chloride and decomposed by trituration with alcoholic 
hydrogen chloride. The resulting acid was once more dissolved in sodium hydroxide solution 
and precipitated as pectic acid (C) (Table I), which was washed with water and then with 
alcohol and dried at 100°/12 mm.; [a]? + 276° (c, 1-8 in dilute sodium hydroxide solution), 
equiv. wt. 185 (calc., 176), uronic anhydride (from carbon dioxide liberated on boiling with 
12% hydrochloric acid) 96-7%. 

Extraction of Apple Pectin with 70% Alcohol.—The araban portion could be partly removed 
along with some galactan by repeated extraction of the pectin (A) with hot 70% alcohol. Six 
extractions of 90 g. of pectin with 800 c.c. portions of 70% alcohol gave a solution of the 
polysaccharides, which were precipitated as a light yellow solid (D) (3-2 g.) by addition of a large 
volume of acetone. The solid was very soluble in water, giving a neutral opalescent solution ; 
it had [a]? — 30° (c, 0-9 in water) and contained no acid or ester group. On boiling with 12% 
hydrochloric acid under the standard conditions it gave furfural corresponding to the presence 
of 54% of araban. On oxidation with nitric acid (d 1-2), it gave mucic acid in a yield of 14-5%, 
indicating the presence of at least 25% of galactan. 

Hydrolysis of Avaban-—Galactan Mixture (D).—The mixed polysaccharides (D) (0-40 g.) 
underwent partial hydrolysis on heating at 90—95° with n/20-sulphuric acid (40 c.c.).  [a]}* 
— 30° (initial value); + 8-0° (lhr.); + 46-0° (2hrs.); + 78° (33 hrs.); + 94° (6 hrs., constant 
value). The increase in the amount of reducing sugar was followed by the method of Baker 
and Hulton : Iodine titre (in c.c. of N/10-iodine per 0-40 g. of polysaccharide), 2-6 (initial value) ; 
12-0 (1 hr.); 18-0 (2 hrs.); 28-0 (3$ hrs.); 38-0 (6 hrs., constant value). The last figure is 
equivalent to hydrolysis of 62-0% of the polysaccharide (calculated on the assumption that only 
pentose sugars are liberated). The cooled solution was neutralised with barium carbonate, 
filtered, and concentrated to a syrup, which was extracted with methyl alcohol to remove 
reducing sugars. The alcohol-insoluble polysaccharide had a high positive rotation and con- 
tained galactose, identified after oxidation to mucic acid. Concentration of the alcoholic 
extract gave a syrup (0-20 g.), which had [a]? + 99-0° (c, 0-7 in water) and contained 85% of 
l-arabinose, estimated and identified as /-arabinose diphenylhydrazone, m. p. and mixed m. p. 
195°. These figures indicate the possibility of effecting complete removal of the araban from 
the galactan by preferential hydrolysis. 

Acetylation of Araban-Galactan Mixture (D).—The mixture of araban and galactan (0-29 g.), 
on acetylation with pyridine (2 c.c.) and acetic anhydride (1 c.c.), gave a mixture of acetates 
(0-40 g.) which could not be separated by fractionation. This had [«]}” — 43-6° (c, 1-0 in 
acetone) and was not fully acetylated, since it contained only 29-2% of CO-CH; (calc. for araban 
diacetate, 39-8%). On distillation with 12% hydrochloric acid under the standard conditions, the 
acetate gave an amount of furfural equivalent to the presence of 47-0% of an araban acetate 
(of the above acetyl content). It follows that no effective separation of the galactan and araban 
constituents had taken place during acetylation. It is of interest to note for comparison that 
pure araban acetate obtained from the pea-nut has [a]}” — 90° (c, 0-74 in acetone). 

Methylation of Apple Pectin. Preparation of Methylated Avaban.—Apple pectin (in portions 
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of 20 g.) was dissolved in the minimum quantity of aqueous sodium hydroxide and to the 
solution, vigorously stirred in an atmosphere of nitrogen, were added at room temperature 
at intervals of an hour five separate portions of methyl sulphate (25 c.c.) and 30% sodium 
hydroxide solution (45 c.c.); stirring was then continued for several hours, the temperature 
raised to 60°, and another five additions of reagents made at hourly intervals. After a final 
hour at 100°, the mixture was cooled and after neutralisation of the excess of alkali the sodium 
sulphate was separated from the organic matter by dialysis against running water in large 
parchment bags. The dialysed solution was concentrated at 60° under diminished pressure 
and the product was remethylated in the above way except that the temperature was kept 
throughout at 50°. This time dialysis was not necessary, since on neutralisation the methylated 
product separated from the hot solution. It was rapidly filtered off, washed with boiling water, 
and dissolved in acetone, the filtered solution evaporated to dryness, and the product dissolved 
in methyl alcohol. Some inorganic material was then removed in the centrifuge and the solu- 
tion was evaporated to dryness at 50° under diminished pressure. The product (6-8 g. from 
60 g. of pectin) was dissolved in the minimum quantity of absolute ethyl alcohol, and a slight 
excess of a benzene solution of thallium ethoxide added (100 c.c. of 1-12Nn-thallium ethoxide). 
The solution was evaporated at 50° under diminished pressure, and the dry solid powdered 
(caution: during this operation rubber gloves should be worn, and the utmost care taken 
against inhaling any of the powder), and boiled for 60 hours with methyl iodide. The excess 
of methyl iodide was recovered by distillation, and the product exhaustively extracted with 
boiling methyl alcohol. Removal of the solvent left 4-6 g. of methylated polysaccharide 
slightly contaminated with colloidal thallous iodide. The treatment with thallous ethoxide 
in benzene was repeated and finally the product was methylated with silver oxide and methyl 
iodide by the standard procedure. This effected little if any additional methylation, but served 
to free the product from traces of colloidal thallous iodide, which are extremely difficult to 
remove. The crude methylated product (4-3 g.) at this stage had [«]p — 63° in methyl alcohol 
and OMe, 35-6%. 

The solid methylated product was dissolved in acetone, the filtered solution concentrated, 
and by successive additions of light petroleum (b. p. 40—60°) three fractions of methylated 
polysaccharide obtained : (1) a brown solid (0-45 g.), [«]p + 5° in methyl alcohol (c, 0-6) (OMe, 
33-4%); (2) a light yellow solid (3-40 g.), [a] — 84° in methyl alcohol (c, 0-5) (OMe, 39-6%) ; 
(3) a viscid yellowish mass (0-30 g.), not further investigated. Fractions (1) and (2) were com- 
bined and boiled with n-sodium hydroxide (10 c.c.). After carbon dioxide had been passed 
through it, the solution was evaporated in a vacuum, and the methylated araban extracted 
from the solid residue with acetone, leaving the methylated polyuronide present to some degree 
in fraction (1). On evaporation of the acetone, methylated araban (2-85 g.) was obtained as an 
almost colourless powder having [a]?”” — 86° in methyl alcohol (c, 1-7) (Found: C, 52-8; H, 
7-5; OMe, 38-4. C,H,,0, requires C, 52-5; H, 7-6; OMe, 38-8%). It was soluble in acetone. 

Methylated araban (2-70 g.) was boiled with 2% methyl-alcoholic hydrogen chloride for 
20 hours. The solution was then neutralised with silver carbonate, filtered, and concentrated 
at ordinary pressure to a syrup (3-0 g.), which was fractionally distilled, giving (A) 1-22 g., 
bath temp. 100°/0-002 mm., nz” 1-4382 (Found: OMe, 564%); (B) 0-65 g., bath temp. 
140°/0-002 mm., n7” 1-4580 (Found: OMe, 46-6%); (C) 0-74 g., bath temp. 150—200°/0-002 
mm., n>” 1-4735 (Found: OMe, 38-5%); (D) still residue, 0-4 g. Estimations based on mp 
and OMe values of the above fractions indicated that their compositions were approximately 


as follows : 
Trimethyl methyl- Dimethyl methyl- Monomethyl methyl- 
arabofuranoside, g. arabofuranoside,g. arabofuranoside, g. 


Fraction A 0-24 “= 
Fraction B — 0-52 0-13 
Fraction C — 0-18 0-56 


These yields correspdénd respectively to 92% of the calculated amount of trimethyl sugar, 
94% of the calculated amount of dimethyl sugar, and 75% of the calculated amount of mono- 
methyl sugar, estimated on the assumption that the methylated araban gives on hydrolysis 
equimolecular proportions of tri-, di-, and mono-methyl arabinose. Since some monomethyl 
derivative unavoidably remained in the still residue, owing to the high temperature required 
for distillation, these figures are held to be in agreement with the view that this sample of 
methylated araban, like the methylated araban from pea-nuts (Hirst and Jones, loc. cit.), does 
give these three methylated arabinoses in equimolecular proportions. Proof of the identity 
of the three hydrolysis products was obtained in the following ways. 
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2:3: 5-Trimethyl Avrabinose.—Fraction (A) (1-02 g.) was hydrolysed by 0-5n-hydrochloric 
acid (50 c.c.) at 90—95°; [«]?” — 60° (initial value), changing after 1 hour to the constant 
value — 11°. The mixed free sugars on isolation in the usual way (0-85 g.) had »}” 1-4578, 
[a] — 12° in water (OMe, 44-3%). The methoxyl value and the rotation value (since 2 : 3 : 5- 
trimethyl arabinose has [«]p — 42° and 2 : 3-dimethyl arabinose has [«]p + 106°) confirm the 
estimate given above of the composition of fraction (A). The mixed sugars (0-83 g.) were 
fractionally distilled, giving a distillate (0-61 g.), bath temp. 140°/0-002 mm., 3” 1-4510, [a]}° 
— 32° in water (c, 0-8) (Found: OMe, 49-0. Calc. for C,H,,0O,: OMe, 485%). This was 
2:3: 5-trimethyl arabinose in almost pure condition (purity 95%, calculated from the rotation 
value). On oxidation with bromine water for 6 hours at 60°, it was transformed in excellent 
yield into crystalline 2 : 3 : 5-trimethyl y-arabonolactone, b. p. (bath temp.) 115—120°/0-002 
mm., py” 1-4460 (superfused solid), m.p. 30° (before recrystallisation, not raised by recrystallis- 
ation and not depressed on admixture with an authentic sample), [«]?” — 44° in water (c, 0-7), 
falling to — 34° after 70 hours (mutarotation still unfinished) (Found: equiv. by titration, 
193; OMe, 48-0. Calc. : equiv., 190; OMe, 48-9%). On treatment with liquid ammonia, the 
lactone gave quantitatively 2: 3 : 5-trimethyl arabonamide, m. p. 139° alone or when mixed 
with an authentic specimen. 

The syrup (0-22 g.) remaining after removal of the trimethyl arabinose, n>” 1-4720, was 
almost entirely dimethyl arabinose and was mixed with the syrup (0°55 g.), n#" 1-4728, [a]?” 
+ 100° in water (c, 1-5) (Found: OMe, 34-0. Calc. for dimethyl arabinose: OMe, 34-8%), 
obtained by the hydrolysis of fraction B (0-62 g.) (see above) by n/2-hydrochloric acid (40 c.c.) 
at 95° for 3 hours (initial rotation of fraction B before hydrolysis, [a]}” + 14°). The combined 
syrups (0-75 g.) were oxidised by bromine water at 60° for 6 hours. The product, isolated in 
the usual way, gave on distillation 2 : 3-dimethyl -arabonolactone (0-53 g.), b. p. (bath temp.) 
150—160°/0-002 mm., nz" 1-4590, [a]#" — 32° in water (c, 1-0), initial value; — 26° after 
58 hours (mutarotation still not completed) (Found: OMe, 35-7. Calc. for C,H,,0,;: OMe, 
35-2%). On treatment with liquid ammonia this lactone gave quantitatively 2 : 3-dimethyl 
l-arabonamide, m. p. 159—160° alone or when mixed with an authentic sample (compare 
Hirst and Jones, loc. cit.), [a] + 17° in water (c, 3-0), + 23° in ethyl alcohol (c, 0-9). 

The identity of the monomethyl sugar was established by examination of fraction C. This 
(0-71 g.) was hydrolysed by heating at 90° for 4 hours with n/2-hydrochloric acid, the rotation 
changing from [a], + 74° to + 94°. The product (0-67 g., mixture of dimethyl and mono- 
methyl arabinose) had nj" 1-4852, [«]p + 100° in water (c, 1-2). It was shaken for 80 hours 
with acetone (50 c.c.) containing concentrated sulphuric acid (1 c.c.) and anhydrous copper 
sulphate (10 g.). Excess of anhydrous potassium carbonate was then added and the filtered 
solution was evaporated to a fairly mobile syrup (0-84 g.), which was fractionally distilled, 
giving (E) (0-41 g.), bath temp. 120—150°/0-002 mm., >” 1-4670; (F) (0-19 g.), bath temp. 
up to 190°/0-002 mm., jp" 1-4700 (OMe, 36%). (F) was mainly the dimethyl arabinose present 
in fraction (C), and (E) consisted mainly of the monoacetone derivative of the monomethyl 
arabinose. On hydrolysis with n/10-hydrochloric acid at 90° for 6 hours, the rotation altered 
from [a]p + 25° to + 74°. Worked up in the usual way, 3-monomethy] arabinose was obtained 
as a viscid syrup (0-32 g.), [a]? + 98° in water (c, 1-3) (Found : OMe, 20-0. Calc. for C,H,,0, : 
OMe, 18-9%). The sugar (0-29 g.) was oxidised by bromine water at 60° for 6 hours, giving a 
syrupy lactone (0-25 g.) which still contained some unoxidised sugar as shown by its slight 
reducing power, b. p. (bath temp.) 190°/0-002 mm., n}" 1-4790, [aJ}" + 0°, rising to + 5° after 
137 hours (mutarotation incomplete). It behaved on titration as a stable lactone, equiv. wt. 
180 (calc., 162) (Found: OMe, 20-0. Calc. for CsH,,0;: OMe, 19-3%). The behaviour was 
therefore that of a y-lactone and the different rotations shown by this substance and by the 
3-methyl y-arabonolactone described by Hirst and Jones (Joc. cit.) are ascribable to the presence 
in this sample of some unoxidised monomethyl arabinose with high positive rotation (++ 98°). 
The high positive rotation of the free sugar and the low rotation and slow, positively directed 
mutarotation of the lactone indicate that the methyl group is situated neither at C, nor at C,. 
The lactone gave with liquid ammonia an amorphous amide (Found: OMe, 19-1. Calc. for 
C,H,,0,N : OMe, 17-3%), which gave a strong positive Weerman reaction on treatment with 
alkaline sodium hypochlorite under the standard conditions. On addition of semicarbazide 
in acetic acid, the yield of hydrazodicarbonamide, m. p. and mixed m. p. 256°, was 5-2 mg. 
from 21 mg. of amide. Under identical conditions, d-mannonamide (20-0 g.) gave 5-6 mg. of 
hydrazodicarbonamide and similar yields are given by other a-hydroxy-amides of the sugar 
series. It appears, therefore, that the amide now under discussion must have consisted of an 
a-hydroxy-amide to the extent of at least 75%. It follows that the monomethy] arabinose in 
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fraction (C) was essentially homogeneous and that its methyl group was not attached at C,. 
From the above evidence the sugar must be 3-methyl arabinose. Control experiments showed 
that no hydrazodicarbonamide was formed when (a) 2:3: 5-trimethyl arabonamide or (b) 
the product obtained by the action of liquid ammonia on arabinose was subjected to the Weer- 
man reaction. The latter control showed that no interference with the validity of the Weerman 
test could arise from the small amount of reducing sugar known to be present in the lactone 
prepared from fraction (C). 
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104. Molecular Dissymmetry due to Restricted Rotation in the Benzene 
Series: An Optically Active Ethylenic Derivative. 


By WILLIAM H. MILLs and GreorcEe H. DAZELEy. 


o-(BB-Dimethyl-a-isopropylvinyl)phenylirimethylammonium iodide (VI) has been 
synthesised and resolved through the corresponding d-bromocamphorsulphonate. The 
d- and 1-iodides were obtained with molecular rotations [M],,,, + 55° and — 58°. The 
molecular dissymmetry of the compound is referred to the restrictive effect of the NMe, 
group on the rotation of the adjacent CPr®:CMe, group about the single bond linking 
it to the benzene nucleus. The optical activity is stable at 100°. 

The analogous compound (VII) in which a 8-hydrogen atom of the vinyl group is 
unsubstituted could not be resolved. 


MOLECULAR dissymmetry arising from the restriction of rotation about a single bond (first 
observed in the diphenyl series by Christie and Kenner, J., 1922, 121, 614) was shown by 
one of us and K. A. C. Elliott (J., 1928, 1292) to 
A occur in peri-substitution derivatives of naphtha- 
lene, and later, with R. M. Kelham (J., 1937, 274), 

in certain o-substituted derivatives of benzene. 

The derivatives of naphthalene and benzene 
in which this effect was demonstrated contained 
a grouping XYZ (figure) which could rotate about 
the axis AB when the adjacent positions (0- or peri-) 
were occupied by hydrogen atoms, but was con- 
fined between more or less narrow limits of rotation 
when a large substituent, such as -SO,~ or —-NMe,*, 
was introduced into one of these positions. 

The types of structure available for the rotating 
complex are limited by the necessity for (or, at 
any rate, the desirability of) planar configuration, 
and those most obviously suitable are the sub- 
stituted amino-group (I) and the substituted vinyl 

. 7: 
Rk’ 
\n% 
(I.) Fes gee (I1.) 
| 

group (II) (the former being effectively planar on 
B account of the easy transition between its two 

non-planar forms). 


In the experiments of Mills and Elliott and of Mills and Kelham (locc. cit.) a substituted 
amino-group was employed. In the present communication it is shown that a substituted 
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vinyl group likewise suffers restriction of rotation when attached to a benzene nucleus with 
a suitable o-substituent. 

Compounds containing a substituted vinyl group have been investigated from this 
point of view by Maxwell and Roger Adams (J. Amer. Chem. Soc., 1930, 52, 2959), who 
examined the compounds (III), (IV), and (V), but found them non-resolvable into optical 


H:CMe:CO,H CH:CMe, H:CMe-CO,H 


NO, Me Me Me Brf Br 
Me NO, NH, 
Me Me r 
(III.) (IV.) (V.) 


antimers—presumably on account of the presence of an «-hydrogen atom in the £8-disub- 
stituted vinyl groups (CH:CRR’) employed. With a hydrogen atom in this position the 
vinyl—benzene link can probably be distorted so as to allow the ‘;CRR’ complex to pass 
over the o-substituents. 

The compound (VI), in which we have been able to demonstrate the effect of restricted 
rotation, contained the 68-dimethyl-«-isopropylvinyl group as the rotating complex, and 
the kationic -NMe,* group as the obstructing o-substituent. 


e Me 


+ 3 + 9 
(VI.) ) ime, } I NMe,} I (VII.) 


It was resolved into stable, optically active components by means of d-bromocamphor- 
sulphonic acid, the d- and 1-iodides obtained showing the molecular rotations [M]54.; + 55° 
and — 58°. The optical stability of these salts was very considerable, and their aqueous 
solutions retained their optical activity practically undiminished after 8 hours’ boiling. 
This resistance to racemisation, which contrasts markedly with the optical lability of the 
compounds containing a substituted amino-group as the rotating complex, is in accordance 
with the large overlap of the groups indicated by the atomic dimensions concerned. 

The melting point-composition curve of the d- and /-iodides approximates to a hori- 
zontal straight line, indicating that the enantiomorphous salts form mixed crystals. The 
atomic groups (CH,),CH~ and (CH,),C: thus seem to be somewhat readily interchangeable 
in the crystal lattice. 

We also examined the compound (VII), which differs from (VI) in containing the 
methylethylvinyl group in place of the dimethylésopropylvinyl group, but found it non- 
resolvable—presumably on account of the insufficient overlap of the substituent groups. 


CO,Me CPrfyOH ——CPr®.CMeg 
@ =. ee, Ne oe Ces nn a (VI.) 


(VIII.) (IX.) (X.) 


The compound (VI) was obtained from methyl o-dimethylaminobenzoate (VIII). 
Treatment of this ester with isopropylmagnesium chloride gave the tertiary alcohol (IX), 
which on dehydration with acetic anhydride yielded the vinyl derivative (X). The latter, 
heated with methyl sulphate, gave a quaternary ammonium salt from which the iodide 
(VI) was finally obtained. 

EXPERIMENTAL. : 

Methyl o-Dimethylaminobenzoate (VIII) (compare Willstatter and Kahn, Ber., 1904, 387, 
408).—Methy] sulphate (630 g.) was added in six portions, with cooling as necessary, to fused 
methyl anthranilate (750 g.), and the mixture heated for 1 hour on a water-bath. The resulting 
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viscous mass was dissolved in water, sodium hydroxide solution added to give an alkaline 
reaction, and the product extracted with ether. After removal of the ether, the foregoing 
treatment with methyl sulphate (1 equiv.), followed by addition of alkali and ether extraction, 
was repeated on the product. The crude ester thus obtained was boiled with excess of acetic 
anhydride; the mixture was poured into water and acidified with hydrochloric acid and the 
acetyl derivatives of the unchanged and the monomethylated ester were removed by filtration. 
Methyl o-dimethylaminobenzoate was then liberated with alkali and extracted with ether. 
It had b. p. 187—142°/17 mm. Yield, 540 g. 

o-Dimethylaminophenyldiisopropylcarbinol (IX).—A mixture of methyl o-dimethylamino- 
benzoate (80 g.) and ether (100 c.c.) was dropped into an ice-cooled, stirred ethereal solution of 
isopropylmagnesium chloride prepared from isopropyl chloride (78-5 g.) and magnesium (24 g.). 
The whole was heated for 30 minutes on the water-bath and left overnight; ice and dilute 
sulphuric acid were then added. The solution was neutralised with excess of sodium bicarbonate 
solution, and the ethereal layer dried over sodium sulphate. On evaporation of the ether the 
carbinol crystallised in large hexagonal prisms sufficiently pure for the following stage (yield, 
65% of the theoretical). Recrystallised from dilute alcohol, the carbinol had m. p. 66° (Found : 
C, 76-7; H, 10-8; N, 6-2. C,s;H,,ON requires C, 76-6; H, 10-7; N, 6-0%). 

o-Dimethylamino-B8-dimethyl-a-isopropylstyrene (X).—The carbinol (IX) was boiled with 
excess of acetic anhydride for 12—14 hours. The acetic acid and unchanged anhydride were 
removed by distillation and the residual oil was fractionated under reduced pressure. The 
fraction, b. p. 127—132°/15 mm., was the unsaturated base (X); the higher fractions contained 
unchanged carbinol. With aqueous perchloric acid (X) gave a crystalline perchlorate, which 
could be crystallised from benzene-light petroleum (Found: C, 56-6; H, 8-1; N, 4-4; Cl, 
11:0. C,,H,,;N,HCIO, requires C, 56-7; H, 7-6; N, 4:4; Cl, 11-2%). 

0-(88-Dimethyl-a-isopropylvinyl)phenylirimethylammonium Iodide (V1).—The base (X) was 
heated with methyl sulphate (10% excess) at 130° for lhour. The gummy product was dissolved 
in water, the solution made alkaline to phenolphthalein with sodium hydroxide, and unchanged 
tertiary base removed by ether extraction. The yellow crystalline quaternary picrate was then 
precipitated by adding aqueous picric acid solution. It can be recrystallised from dilute alcohol 
(Found: C, 57-2; H, 6-3; N, 12:3. C,,H,,0,N, requires C, 57-4; H, 6-1; N, 12-2%). 

The precipitated picrate was added to excess of saturated sodium iodide solution, and the 
mixture extracted with chloroform. On evaporation of the chloroform the iodide was left; 
after recrystallisation from acetone and absolute ether, it was obtained as colourless needles, 
m. p. 160° (Found: C, 53-4; H, 7-4; N, 3-9; I, 35-2. C,,H,,NI requires C, 53-5; H, 7-2; 
N, 3-9; I, 35-4%). 

Optical Resolution of the Quaternary Iodide (VI).—The inactive iodide was converted into the 
d-bromocamphorsulphonate by treatment in aqueous solution with an equivalent quantity of 
silver bromocamphorsulphonate. The residue from the evaporated filtrate was recrystallised 
from anhydrous acetone-ether. Resolution of the bromocamphorsulphonate was effected by 
crystallisation from benzene. The first crop was an evident mixture of two crystalline forms— 
long needles and short prisms, the latter being the less soluble. By extracting the mixture with 
a little hot benzene and recrystallising the undissolved residue from benzene, repeating these 
operations three times, and then again recrystallising the product from benzene, a salt was 
obtained which had in aqueous solution (c = 1-187, 1 = 2, o54,, = 1-26°) a molecular rotation 
[M]sae1 + 288°. Since the molecular rotation of the d-bromocamphorsulphonate anion is 
346° (Pope and Read, J., 1910, 97, 2200), this value indicated that the salt contained the cation 
derived from the /-base with a molecular rotation of about — 58°. 

The 1l-iodide was obtained from this bromocamphorsulphonate by saturating the aqueous 
solution with sodium iodide and recrystallising the precipitate from anhydrous chloroform— 
ether (Found: C, 53-8; H, 7-6; N, 3-8; I, 355%), m. p. and mixed m. p. with the inactive 
iodide 160°. The molecular rotation of the J-iodide in aqueous solution (¢ = 1-185, ] = 2, 
Xsag1 = — 0-38°) was [M]5,¢, — 58°. 

To get the bromocamphorsulphonate of the d-base, the benzene extracts and mother-liquors 
obtained in isolating that of the /-base were united, and the dissolved material caused to crystal- 
lise by the addition of light petroleum (b. p. 60—80°). The crop deposited was extracted with 
insufficient benzene for complete solution, and the extract left to crystallise after addition of a 
little petrol. After this process had been repeated thrice, a crop of fine needles was obtained 
containing a few large prisms of the less soluble isomer, which were removed by hand-picking. 
The needles were then recrystallised twice more from benzene, yielding a product with the 
molecular rotation [M],.,., + 394°, which was used for preparing the d-iodide by the same 
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method as had been used for the /-antimer (Found: C, 53-7; H, 7-5; N, 3-9; I, 35°5%), m. p. 
and mixed m. p. with the inactive iodide 160°. The molecular rotation [M]s4¢, found for the 
d-iodide in aqueous solution (¢ = 1-005, J = 2, as54., = 0°305°) was + 55°. 

Aqueous solutions of the d- and of the J-iodide were found to have retained at least 97% of 
their activity after keeping at 100° for 8 hours. 

o-Dimethylaminophenyldiethylcarbinol_—Methy]1 o-dimethylaminobenzoate (80 g.), dissolved 
in ether (100 c.c.), was added to an ethereal solution of ethylmagnesium bromide prepared 
from ethyl bromide (109 g.) and magnesium (24 g.). The carbinol was isolated in the same way 
as the diisopropyl homologue as an oil which could not be obtained crystalline. Aqueous 
perchloric acid gave a perchlorate, crystallising from water in long needles (Found: C, 50-6; 
H, 7:0; N, 4-4; Cl, 11-4. C,,;H,,ON,HCIO, requires C, 50-7; H, 7:2; N, 4-5; Cl, 11-4%). 

o-Dimethylamino-B-methyl-a-ethylstyrene—The carbinol was dehydrated by boiling with 
acetic anhydride, and the unsaturated base, b. p. 117—-122°/18 mm., isolated in the same way 
as the 88-dimethyl homologue (X). Aqueous picric acid gave a picrate, which was recrystallised 
from dilute alcohol (Found: C, 54-6; H, 55; N, 13-7. C,,;H,,N,C,H,O,N, requires C, 54-5; 
H, 5-2; N, 13-4%). ; 

0-(8-Methyl-a-ethylvinyl)phenylirimethylammonium Iodide.—The tertiary base was converted 
into the quaternary picrate and thence into the iodide, m. p. 157°, in precisely the same manner 
as the dimethyl homologue (X) (Found for the picrate: C, 55-3; H, 5-6; N, 13-0. Cy9H,,O,N, 
requires C, 55-5; H, 5-6; N, 129%. Found for the iodide: C, 50-9; H, 6-8; N, 4-4; I, 38-5. 
C,,H,,NI requires C, 50-7; H, 6-6; N, 4:2; I, 38-4%). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, December 30th, 1938.] 





105. The Persulphate—Iodide Reaction. Specific Effects of Cations. 
Part I. 


By W. J. Howe ts. 


The velocity of the persulphate—iodide reaction has been determined in the presence 
of cations of the alkali series. The salt effect increases as we pass from solutions 
containing hydrogen ions to solutions containing cesium ions and is greatest in the 
presence of the cation of least activity coefficient. The influence of ionic radius is 
discussed. It is suggested that there is some evidence of a correlation between the 
observed velocities and the viscosities of the solutions in which they are determined. 


THE persulphate—iodide reaction in the presence of potassium ions has been studied by 
many workers; ¢.g., Price (Z. physikal. Chem., 1898, 27, 474), Jette and King (J. Amer. 
Chem. Soc., 1929, 51, 1034), King and Steinbach (ibid., 1930, 52, 4779), King and Jacobs 
(ibid., 1931, 58, 1704), Knudsen and King (ibid., 1938, 60, 687), Soper and Williams (Proc. 
Roy. Soc., 1933, A, 140, 59). 

Price, working with solutions of moderate ionic strength, followed the course of the 
reaction by titrating the liberated iodine with thiosulphate solution in the presence of 
starch. King and his co-workers, using a photo-cell method, studied the reaction in 
solutions of low ionic strengths, and showed that the Debye—Hiickel law is obeyed up to 
/I = 0-16 when the ionic strength is increased by addition of neutral univalent salts. 
In solutions of higher ionic strengths, the values for the velocity constants show a negative 
deviation from those calculated by means of the equation In k = In ky + 2a2,%VI. The 
deviations would be still more marked if reference were made to the more complete 
equation 

In k = In hy + 202,271 + (8; + By — B.)I 


which may be deduced from the relation — In f = az**/I — QI. This equation has, never- 
theless, theoretical significance. The ® terms are specific terms partly dependent on the 
nature of all the ions present in solution. In solutions of low ionic strengths the 6J terms 
are negligible, and the & values are independent of the nature, in this instance, of the cations 
present. In the present work the persulphate—iodide reaction has been studied in the 
presence of hydrogen, lithium, sodium, ammonium, potassium, rubidium, and cesium 
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ions. Since the object of the work was to compare the specific effects of the cations, it was 
necessary to observe reaction velocities in solutions of moderate ionic strengths. 


EXPERIMENTAL. 


“ AnalaR ” Potassium and ammonium persulphates were recrystallised between 50° and 
0°, and the fine crystals were pressed between filter-papers and dried in a vacuum over sulphuric 
acid. In one case, recrystallised potassium persulphate was washed free from water first with 
alcohol and then with ether, and dried at 30°. This product gave results identical with 
those obtained with potassium persulphate dried in the usual way. The purity of the sodium 
persulphate was estimated by the iodide method and also by the ferrous sulphate method. 
“ AnalaR’”’ Potassium iodide was recrystallised and dried in a vacuum over sulphuric acid, and 
also by heating out of contact with air. This iodide and the other iodides used—which were the 
purest obtainable—were estimated before use by titration with standard potassium iodate 
solution in the presence of acetone. This method gave a sharper end-point and more 
consistent results than titration with standard silver nitrate in the presence of di-iododimethyl- 
fluorescein as adsorption indicator. The chlorides used, with the exception of lithium chloride, 
were ‘“‘ AnalaR ”’ reagents, and were further purified by the usual methods. 

Tests showed that the materials used were free from salts of copper and iron—which act as 
catalysts—and from iodate. Whenever necessary, k values were corrected for salt effects due 
to presence of impurities. For example, two different lots of rubidium iodide were estimated to 
contain 99-20% and 99-47% of rubidium iodide severally; the foreign substance was regarded 
as potassium chloride, and an appropriate salt-effect correction applied. 

The temperature of the thermostat was maintained at 25° + 0-02° by means of a spiral- 
shaped toluene—mercury gas regulator, used in conjunction with an electrically-driven stirrer. 
All glass-ware was standardised, and solutions were made up in freshly distilled water at thermo- 
stat temperature. The reacting solutions were freshly made for each velocity determination. 
At observed intervals, 24-95 c.c. of the reacting mixture were withdrawn and added to 400 c.c. 
of distilled water in order to arrest the reaction. The liberated iodine was estimated by titration 
with 0-01N-sodium thiosulphate solution, standardised for each determination, starch solution 
being added towards the end of the titration. There was no need to apply corrections to the 
iodine titration values since the liberated iodine was seldom much less than 10-* m (see Knudsen 
and King, loc. cit.). Moreover, only comparison of k values was involved. 

A few complications arise in connexion with the persulphate-iodide reaction: (i) The 
reaction is retarded slightly by the formation of tri-iodide, but the velocities compared in the 
present work are diminished to the same extent. (ii) The oxidation of iodide to iodate 
is possible, but takes place appreciably only in concentrated persulphate solutions (Marshall, 
Proc. Roy. Soc. Edin., 1898, 22, 388). 

Results.—In order that the cations might be readily interchanged, equivalent initial con- 
centrations of persulphate and iodide were used in all the experiments. Most of the deter- 
minations were made in slightly acid solutions (0-005n-sulphuric acid) as such solutions appear 
to give more consistent results than neutral solutions. 

The velocity constants were calculated from the equation k = x/at(a — x), a being the initial 
concentrations of persulphate and iodide in g.-equivs./l., and * the number of g.-equivs./l. of 
iodine liberated in ¢ minutes. 

TABLE I. 
(a) 0-0333N-K,S,O, + 0-0333N-NH,I (b) 0-0333N-(NH,),S,0, + 0-0333N-KI 
+ 0-005n-H,SQ,. + 0-005N-H,SO,. 
*xX105. kx10%, 64. 0 #K1085. kX 10°. t% 4X10. k&x10. # #*x10. k&x10. 
246 175 58-9 850 174 14 255 178 70-9 982 177 
412 177 68-8 956 175 = 486 177 80-0 1063 176 
3 


0 

9 
563 175 77-8 1038 174 0 608 176 88-2 1136 176 
709 177 Mean 175 53-9 814 180 Mean 177 


(c) K,S,0, + NaI + 0-005n-H,SO, : a = 0-0250, & = 0-145. 
(d) Na,S,O, + KI + 0-005n-H,SO,: a = 0-0250, k = 0-146. 

All determinations recorded were made at 25°. A few determinations were made in solutions 
containing salt-pairs. Allowance being made for experimental error, the results, given in Table I, 
indicate that the velocity constants have, as one would expect, the same value in corresponding 
solution-pairs, i.e., in those of the same ionic strength. These results serve to establish the 
purity of the materials and the uniformity of the experimental conditions. 
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Specific effects of cations. In order to ascertain the specific effects of different cations 
on the velocity of the reaction, experiments were carried out in solutions containing separately 
equivalent concentrations of potassium, ammonium, and sodium ions, and usually 0-005n- 
sulphuric acid. The velocity constants observed are givenin Table II. The values in parentheses 
are those for neutral solutions. For solutions of the same ionic strength the values are highest 
in the presence of potassium ions and lowest in that of sodium ions. Similar results have been 
found for the monobromoacetate—thiosulphate reaction (LaMer, Chem. Reviews, 1932, 10, 199) 
and for the thiocyanate—monoiodoacetate reaction (Holmberg, Z. physikal. Chem., 1921, 97, 
134). 

TABLE II. 
. 0-0125nN. 0-01666N. 0-0250N. 0-0333N. 
K,S,0, + KI 0-143 0-167 (0-160) 0-188 (0-186) 
(NH,).S,0, + NH,I ° 0-125 0-147 (0-141) 0-167 (0-163) 
Na,S,0, + Nal 0-110 0-123 0-139 

Observations were extended to include the cations of other alkali metals and of ammonium 
by the addition of equivalent amounts of their iodides to an equivalent amount of potassium 
persulphate. The velocity constants observed are given in Table III (a) : values in parentheses 
are for neutral solutions. The # values decrease in the series from czsium to lithium : 


Cs°> Rb’ > K’> NH,’ > Na’, Li’. 


TABLE III. 
(a) 0-0250N-K,S,0, + 0-0250N-RI + 0-005Nn-H,SO,. 
Cs’. Rb’. K’. NH,’. Na’. Li’. 
0-197 0-180 0-167 (0-160) 0-157 (0-152) 0-145 (0-142) 0-146 
3-28 3-00 2-78 2-62 2-42 2-43 
(b) 0-01666N-K,S,O, + 0-01666N-KI + 0-005N-H,SO, + 0-0333N-RCI. 
R = K’. NH,’ Na’. Li’. H’. 
k 0-191 0-182 0-163 0-162 0-158 
F 3-18 3-03 2-72 2-70 2-63 
Table III (b) gives the k values for solutions of potassium persulphate and potassium iodide 
in the presence of various chlorides. In order to settle more definitely the relative effects of 
sodium and lithium ions, velocity determinations were carried out in solutions 0-3000N with 
respect to the two chlorides separately. The velocity constants were 0-287 and 0-262 respectively, 
showing that sodium ions are more effective than lithium ions in increasing the velocity of 
the reaction. 
Table III (b) shows that the influence of cations involved is in the same direction as that 
indicated in Table III (a). 


DISCUSSION OF RESULTS. 


The velocity constant-ionic strength curves plotted from data given in Table II 
converge at low ionic strength. The extrapolated value for k at zero ionic strength, 1.e., 
ko, is approximately 0-06. As was to be expected, this value differs from that obtained by 
King and Jacobs, since they worked at low ionic strengths, but it may be used for calculating 
the relative kinetic activity factors. In the equation k= kgfs.o~fr/faouwe = MoF 
(see Bronsted, Z. physikal. Chem., 1922, 102, 169), kg has the same value whatever cations 
are present. The values of F, the kinetic activity factor or salt effect, are given in Table III, 
and show that the salt effect is greatest in the presence of cesium ions. Now, the sequence 
for the activity coefficients of the salts involved is HCl > LiCl > NaCl > KCl, etc., so in 
the reaction under consideration the salt effect—a primary salt effect—is greatest in the 
solution containing the cation of lowest activity coefficient, and vice versa. 

Ordinary theory does not lead one to expect this, since f, decreases in aqueous chloride 
solutions in the order HCl > LiCl > NaCl > KCl (Harned, Trans. Faraday Soc., 1927, 
23, 468). Also, since the S,O,” ion, though complex, is symmetrical, f,,o,. is greatest 
in hydrochloric acid solution. On the other hand, f,.o,. (in aqueous lithium chloride) 
may be less than f,,o,. (in aqueous potassium chloride) because S,O,I’” is an unsym- 
metrical ion. Thus, on this theory alone, we might expect the kinetic activity factor to 
be greatest in solutions containing hydrogen ions, and least in those containing cesium 
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ions. It appears difficult to find an explanation for the relative specific effects on the 
basis of the activity concept alone, unless we assume, probably unjustifiably, that 
fasoure Aecreases very rapidly as we pass from a solution containing lithium to one con- 
taining czsium ions. 

Since the velocity of the reaction depends upon the rate of formation of the complex 
ion, which has a short life, one important factor determining the velocity is the ease with 
which the reacting anions can move about in the solution. The smaller lithium ions exert 
a stronger attractive force on the anions than do the larger cesium ions. In this way it 
may be that the movement of the anions in the presence of lithium ions is slower than 
in the presence of cesium ions. For a similar reason, Fajans (tbid., p. 359) observes that 
the cation with strongest electric field has the strongest lowering effect on the refractivity 
of an anion. 

There is also some evidence of correlation between the reaction velocities, in solutions 
of equal ionic strength, and the viscosities of the solutions in which they are determined. 
It is known that the viscosities of solutions of alkali-metal salts increase in the sequence 
cesium to lithium: Applebey (J., 1910, 97, 2021) gives the following values for the 
specific viscosities of 0-1N-solutions of cesium, potassium, sodium, and lithium nitrates at 
18°: 0-9933, 0-9941, 1-0044, and 1-0113, respectively; and the viscosities of chloride 
solutions increase in the sequence cesium, rubidium, potassium, sodium, lithium and 
hydrogen (Castell-Evans, ‘‘ Physico-Chemical Tables,”’ 1911, Vol. 2, 610). 

The velocities observed in the present work decrease in this sequence. In view of the 
fact that these velocities are dependent on the movement of the two anions concerned, 
this is partly to be expected, since Stokes’s law states that the velocity of a particle varies 
inversely with the viscosity of the medium. 


Portu, GLAM. [Received, December 14th, 1938.] 





106. Phellandrene Nitrosites. Part I. The «- and the 8-Nitrosite of 
]-«-Phellandrene. 


By P. A. Berry, A. KILLEN MACBETH, and T. B. SwANson. 


Examination of the nitrosites of /-«-phellandrene shows that the a-nitrosite pre- 
pared by previous workers was isolated in a pure state, whereas the B-nitrosite was a 
contaminated product. It is now found that on crystallisation from acetone, methyl 
alcohol, and other solvents the 6-nitrosite is readily converted in part into the a-isomer, 
but the yields are never large, as other mutarotation products are formed during the 
process. An explanation is thus provided of the discrepancies observed by previous 
workers in the specific rotations recorded for /-a-phellandrene 8-nitrosite, which 
range from — 36° to — 160°. Specimens having a value as high as — 260° have 
now been obtained, but in view of the transmutation recorded it is possible that the 
final maximum value has not yet been attained. 

The transmutation also throws light on the observed similarity of the crystalline 
products obtained on recrystallisation of the «- and the £-nitrosite from hot methyl 
alcohol (Smith, Carter, and Read, J., 1924, 125, 930), since the products are in fact 
identical, consisting of the a-nitrosite in each case. 


In a previous paper (J., 1937, 1443) it was shown that examination of the seasonal variation 
in the oil from the tips of E. cneorifolia disclosed the presence of remarkably high percen- 
tages of terpene hydrocarbons during the period of active growth. Nitrosite tests indicated 
that considerable quantities of phellandrenes were present in the hydrocarbon fraction, 
and oxidation experiments showed that @-phellandrene appeared to be one of the main 
constituents. Other unpublished work, however, indicated that «-phellandrene also was 
present, and it was therefore considered advisable before proceeding further with this 
problem to make a full examination of the phellandrene nitrosites with a view to studying 
the best methods of separation of the isomers in the pure state. The results obtained in 
the case of /-a~phellandrene are now submitted. 
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Schreiner (Arch. Pharm., 1901, 239, 90) prepared from eucalyptus oil phellandrene 
(species unrecorded) a crude nitrosite, which on fractional crystallisation was separated into 
two components. The dextrorotatory component, known as /-a-nitrosite, had a specific 
rotation of + 123-5° and melted at 120—121°, whereas the levorotatory product, known 
as /-a-phellandrene £-nitrosite, melted at 105—106° and had a specific rotation of — 36°. 
Wallach (Annalen, 1904, 336, 9) isolated substantially the same products. His specimens 
of the 6-nitrosite melted at 105° and in chloroform solution had values of [«]) — 40-817° 
and — 40-287°. The specific rotations of his preparations of the «-nitrosite were somewhat 
higher than Schreiner’s (-+- 135-93° and + 142-6°), but the melting point was lower 

113—114°). 

Smith, Hurst, and Read (J., 1923, 123, 1657), repeating the preparation of J-«-phel- 
landrene «-nitrosite from the hydrocarbon fraction of the oils of E. dives and E. phellandra, 
had no difficulty in isolating material melting at 121—122° and having the highest specific 
rotation recorded by Wallach (+ 142-6°); and later Smith, Carter, and Read (loc. cit.) 
isolated the a-nitrosite with substantially the same constants from the oil of Melaleuca 
acuminata. Detailed data on the mutarotation of the «-nitrosite under a variety of condi- 
tions were submitted by Read and his co-workers. We also have examined the «-nitrosite 
from the /-«-phellandrene of E. dives and fully concur with the results of these workers. 
Although the highest yields of nitrosite are obtained from samples of /-«-phellandrene of 
greatest specific rotation, the reaction is not affected to any extent by the presence of 
cineole, cymene or other inactive diluents, and the same nitrosites are always obtained. 
Birch (Proc. Roy. Soc. N.S.W., 1937, 71, 261) considers that the low optical values of 
specimens of /-«-phellandrene of low specific rotations from eucalyptus oils are due to the 
presence of cymene as a diluent. Accordingly we did not subject our preparations of 
l-«-phellandrene from E. dives to the rigorous treatment of Smith, Hurst, and Read, and the 
specific rotation of our material was frequently lower than theirs (— 112°). 

Smith, Carter, and Read (loc. cit.), taking advantage of the different solubilities in carbon 
disulphide of the two nitrosites of /-«-phellandrene, succeeded in isolating the 8-nitrosite in 
what has hitherto been regarded as a state of purity. Their product melted at 105—106° 
and had a specific rotation in chloroform of — 160° when freshly dissolved. 

The conversion of both the «- and the 8-nitrosite into chemically and optically identical 
preparations of nitrophellandrene shows conclusively that both are derived from J-«- 
phellandrene. The fact that their specific rotations were in the opposite sense and appeared 
to be of approximately the same magnitude suggested that the isomers might be optical 
antipodes; but such a view, already excluded by their different physical properties and 
their behaviour on mutarotation, is further disproved by the isolation of the 6-nitrosite 
with a specific rotation as high as — 260° in the present work. 

The accepted structure of «-phellandrene nitrosite contains three asymmetric carbon 
atoms and as those at the 2- and 3-positions would appear to be peculiarly susceptible to 
modification through tautomeric change, transmutation of the labile nitrosite to the stable 
form might thus be achieved. 

No evidence has hitherto been available to show that the nitrosites are interconvertible, 
but the easy conversion of the labile 6-nitrosite into the stable crystalline «-form has now 
been demonstrated. On crystallisation of samples of $-nitrosite melting at 96° and having 
[«], — 203° from hot acetone, the crystalline material recovered melted at 114° and had 
[a]p + 141-6°. Analysis showed that no change in percentage composition had occurred ; 
and the identity of the material with «-nitrosite was. proved by its mutarotation curves, 
which were practically coincident with the standard curves for this compound (Figs. 1 
and 2). The view that the process is actually a transmutation of the 6-nitrosite and not 
merely a separation of traces of the less soluble «-nitrosite is supported by the fact that 
material precipitated from the mother-liquors is also dextrorotatory (+ 79°): and bearing 
in mind the observed mutarotation effects in this solvent at 25°, it would seem that the 
precipitation product must: be considered as derived from «-nitrosite which has undergone 
partial mutarotation. Similar transmutation was observed with other solvents; a sample 
of B-nitrosite (m. p. 102°; [alp — 190°) on recrystallisation from hot methyl alcohol, for 
example, suffered inversion of rotation to + 132-9° and had the m. p. raised to 112—113°. 
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This transmutation throws light on discrepancies in the literature regarding the crys- 
talline form of the «- and the 8-nitrosite. Schreiner (/oc. cit.) stated that the two compounds 
had different crystalline forms, but Smith, Carter, and Read (loc. cit., p. 936) disputed this 
statement and showed that after recrystallisation from hot methyl alcohol both /-«-phel- 
landrene «-nitrosite and /-«-phellandrene §-nitrosite gave long, fine needles resembling 
Schreiner’s description of the «-form. The crystals were indistinguishable even with the 
aid of the polarising microscope and were in apparent agreement in all ordinary physical 
crystallographic respects. The optical rotatory powers do not appear to have been examined, 
but the results referred to above suggest that the substances were in fact identical, 
consisting of /-«-phellandrene «-nitrosite. 
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I. l-a-Phellandrene a-nitrosite in chloroform. 
II. “* Converted ” nitrosite in chloroform. 
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I. l-a-Phellandrene a-nitrosite in chloroform + Nn/10-piperidine. 
II. ‘‘ Converted ’’ nitrosite in chloroform +- N/10-piperidine. 


The transmutation also accounts for the different specific rotations recorded for the 
8-nitrosite, and clearly indicates that its extraction from the crude nitrosite must be carried 
out without delay, as nearly as possible with solvents at the ordinary temperature. Using 
such precautions, we had no difficulty in obtaining material with specific rotation of — 200° 
in freshly prepared chloroform solution, and on occasion isolated material with a rotation 
as high as — 260°. We are of opinion that material of still higher rotation may yet be 
available by further modification of the method of extraction. 

Previous workers have pointed out that the melting point affords no satisfactory 
criterion of optical purity of the @-nitrosite, and Wallach (loc. cit., p. 16) further directed 
attention to the fact that mixed melting points of the a- and the 8-nitrosite did not show the 
depression usually observed on the admixture of compounds of different constitution. 
We have observed that the higher the rotation of our specimens of 6-nitrosite the lower 
the melting poirit, and on admixture with pure «-nitrosite an intermediate value of melting 
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point is obtained. Thus samples of 6-nitrosite melting at 102° and 94—95° were found on 
admixture with approximately equal amounts of «-nitrosite to melt at 105—106° and 103— 


105° respectively. 
EXPERIMENTAL. 


l-x-Phellandrene.—Piperitone was removed from a sample of E. dives oil (di%. 0-9018; 
[a]%” — 54-7°; piperitone 45% by vol.) by extraction with hot sodium sulphite solution (Read 
and Smith, J. Soc. Chem. Ind., 1923, 42, 3397). The residual oil after successive washing with 
sodium carbonate solution and water and drying over anhydrous magnesium sulphate had 
ap» — 48-7°. When distilled through a fractionating column packed with aluminium Lessing 
rings, the oil (21.) gave crude terpene (1-24 1.), b. p. 46—56°/6mm. This was again fractionated, 
and 11. collected having b. p. 41—44°/4 mm. and ap — 67-5°. This was extracted (8 times) 
with half-volume lots of 50% resorcinol solution to remove cineole (139 c.c. of crude cineole, 
a, — 14°, were recovered on steam distillation of the extracts). The residual terpene after 
thorough washing and drying, when fractionated (twice), gave a product (500 c.c.) having the 
following constants, which, apart from the somewhat lower rotation, are in substantial agree- 
ment with the values recorded by Smith, Hurst, and Read: d3f 0-8449; di?° (vac.) 0-8436; 
ay — 81-16°; [a]? — 96-21°, n>” 1-4757, whence [R]p = 45-47. 

At first only this pure material was used in the preparation of nitrosites, but in later work 
once-fractionated oil having «p — 67° was used. 

Preparation of a- and §-Nitrosites—Smith, Hurst, and Read’s method was used for the 
preparation of the crude nitrosites, 100 c.c. of the terpene fraction being used in each reaction. 
In the first experiments the separation scheme of Smith, Carter, and Read was employed, but 
this was modified somewhat in the later separations. The crude nitrosite (30 g.) from 100 c.c. 
of terpene, after being washed with alcohol and water, and dried between sheets of absorbent 
paper, was extracted (twice) with carbon disulphide (100 c.c.), the mixture being stirred to a 
thin cream, boiled, and filtered. Evaporation of the filtrate in a current of air left a residue, 
which was washed with methyl alcohol, crude 8-nitrosite (1 g.), [«]?” — 143-7°, being obtained. 
The residue (29 g.) left after the carbon disulphide extraction was dried on porous tile. It was 
still levorotatory ([{«]??° — 16°) and was quickly dissolved by stirring into boiling chloroform 
(72c.c.). After addition of methyl alcohol (250 c.c.) with rapid stirring, the mixture was placed 
in the refrigerator overnight and the solid was filtered off and washed with methyl alcohol 
(65 c.c.). The dried residue had [a]? + 26-6° and was worked up for pure «-nitrosite in the 
usual way. The filtrate and washings were brought to incipient precipitation by the addition 
of water (85 c.c.) with vigorous stirring, and the solution placed in the refrigerator for 24 hours. 
After filtration and washing with methyl] alcohol (20 c.c.) a white amorphous solid (1-2 g.) was 
obtained having m. p. 96° and [a] — 260-1° in chloroform (c, 1-25) (Found: N, 13-2%). 
The mutarotation curves of this sample of 8-nitrosite in benzene and in acetone closely resembled 
the standard types. No difficulty was experienced in obtaining by this treatment 1—1-5 g. of 
8-nitrosite having rotations upwards of — 200°. The high rotation of the 6-nitrosite is of course 
obtained at the expense of the yield, as the mild extraction leaves much material behind which is 
sacrificed in the subsequent purification of the a-nitrosite. 

Transmutation of \-a-Phellandrene 8-Nitrosite into |-a-Phellandrene «-Nitrosite—Attempts to 
purify the samples of 8-nitrosite by crystallisation invariably led to a considerable decrease in 
the optical value and suggested that some profound change was occurring. This was con- 
firmed by the transmutation effects described below. On attempting to purify a sample of 
B-nitrosite ([«]) — 144°) in the earlier part of the work it was observed that the crystals obtained 
melted at 108—109° and had a specific rotation of + 139-3°. On fractional precipitation of 
the mother-liquor, only dextrorotatory products were obtained. Other samples of the B-nitrosite 
gave similar results. For example, a specimen (1-4 g.), m. p. 95—96°, [a]}” — 203°, when 
boiled for 5 minutes with 10 c.c. of acetone gave on crystallisation a product (0-3 g.), m. p. 
113—114°, [a]? +- 141-6° in chloroform (c, 1-264). The filtrate on evaporation to dryness in a 
rapid current of air gave a somewhat sticky residue (1-0 g.), which, on being washed with a 
little methyl alcohol, gave a pure white product, m. p. 100°, [«]}” + 79-7° in chloroform 
(c, 1-258). A similar conversion carried out with material having [a], — 214° gave a crystalline 
product, m. p. 114—115° (Found: N, 13-2. Calc. for C,)H,,0,;N,: N, 13-2%). The following 
values for the specific rotation in various solvents were observed at 20°: acetone (c, 1-247) + 
175-6°; benzene (c, 1-171) + 240-8°; chloroform (c, 1-264) + 141-6° (compare the values for 
pure a-nitrosite given by Smith, Carter, and Read, Joc. cit.; namely, acetone + 165-9°; benzene 
+ 234-4°; chloroform + 142-6°). The mutarotation curves for the converted material in 
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chloroform and in chloroform containing n/10-piperidine are in excellent agreement with curves 
for pure a-nitrosite 

Conversions were also observed on crystallisation from hot methyl alcohol. In a typical 
case a sample of 8-nitrosite, m. p. 102°, [«]» — 190° (chloroform), on recrystallisation yielded a 
mat of fine needles characteristic of the «-nitrosite. These had m. p. 112—113°, and [«]}” + 
132-9° in chloroform (c 1-243). 

It would appear that the §-nitrosite has a lower m. p. as its levorotation increases, the 
following values having been recorded during the work : [a]? — 260-1°, m. p. 95—96°; [a]>” — 
214°, m. p. 98—99° ; [a]? — 200°, m. p. 99—100°; [a]? — 190°, m. p. 101—102°. Mixture of the 
a- and the 6-nitrosite does not produce a depression in the m. p., but leads to an intermediate 
value, as has been mentioned above. 

Mutarotation Curves.—The mutarotation effects of the nitrosites were in all cases examined 
at 25°. The concentrations were substantially the same in all cases, the solutions being of a 
strength similar to that used by Read and his co-workers in order to facilitate comparison. The 
curves were in all cases in close agreement with those previously published by these workers. 
The identity of ‘‘ converted ”’ nitrosite with /-«-phellandrene «-nitrosite is seen in Figs. 1 and 2. 


Two of the authors (P. A. B. and T. B. S.) are indebted to the Commonwealth Government for 
a grant from the Federal Research Grant. 


JouNsSON CHEMICAL LABORATORIES, UNIVERSITY OF ADELAIDE. [Received, November 8th, 1938.] 





107. Reactions of Benzthiazole Derivatives. Part I. The Reactivity of 
the Methylthiol Group in Quaternary Salts of 1-Methylthiobenzthiazole. 


By WILFRED ARCHIBALD SEXTON. 


The methosulphate of 1l-methylthiobenzthiazole reacts with aqueous sodium 
hydroxide, giving 2-methylbenzthiazolone. It reacts with aqueous sodium sulphide, 
giving 1-thio-2-methyl-1 : 2-dihydrobenzthiazole in good yield. The reaction has 
also been applied to some derivatives substituted in the benzene ring. In the action 
of ethyl iodide upon 1-methylthiobenzthiazole a quaternary salt is formed in which the 
alkyl groups have been interchanged. 

1-8-Hydroxyethylthiobenzthiazole is changed on heating to 1-hydroxybenzthiazole. 


A NEW example of the reactivity of the methylthiol group in quaternary salts of 1-methyl- 
thiobenzthiazole is provided when the methosulphate of 1-methylthiobenzthiazole is treated 
with aqueous sodium hydroxide or carbonate at room temperature, methylthiol being 
evolved and 2-methylbenzthiazolone obtained in good yield. In the reaction of the same 
quaternary salt with an aqueous solution of sodium sulphide or sodium hydrogen sulphide, 
methylthiol was again evolved and the 1-thio-2-methyl-l : 2-dihydrobenzthiazole pro- 
duced, identified by the absence of depression of melting point when mixed with authentic 
material prepared by heating dimethylaniline with sulphur (Rassow, Déhle, and Reim, 
J. pr. Chem., 1916, 98, 183; Mills, Clark, and Aeschliman, J., 1923, 123, 2353). The yield 
was excellent. 

The quaternary ethosulphate of 1-methylthiobenzthiazole on treatment with sodium 
sulphide gave rise similarly to 1-thio-2-ethyl-1 : 2-dihydrobenzthiazole, and the quaternary 
methosulphate of l-ethylthiobenzthiazole was converted similarly into 1-thio-2-methyl- 
1 ; 2-dihydrobenzthiazole : 


Ss 


S 
‘SR CO + RSH 
W (NaSH) Cox 


R’}SO,Me NR’ 


This reaction (which has also been applied to the following substituted derivatives of 
the original salt: 4-chloro, 4 methyl, and 3: 4-benzo) recalls the experiment of Fischer 
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(Ber., 1902, 35, 3674) in which the methiodide of thio-N-methyl-a-pyridone was treated with 
sodium hydroxide, giving rise to methylthiol. 

When the methiodide of 1-methylthiobenzthiazole was treated with sodium hydroxide 
and with sodium sulphide, the expected thiazolone and thio-dihydrothiazole respectively 
were obtained. When, however, l-methylthiobenzthiazole was treated with ethyl iodide, a 
quaternary salt (II) was obtained which, on treatment with sodium sulphide, gave 1-thio- 
2-methyl-1 : 2-dihydrobenzthiazole. Treatment of l-ethylthiobenzthiazole with methyl 
iodide gave rise to the same quaternary salt. From this it was inferred that either 
(i) the supposed quaternary iodide was in reality the sulphonium iodide (I), or (ii) during 


S S 


S 
P spare Crs CV Pa 
4 Mey xis 


Et}I 
(I.) (II.) (III.) 


the reaction of 1-methylthiobenzthiazole with ethyl iodide a rearrangement of alkyl groups 
had occurred, leading to the quaternary ammonium iodide (II). Support for the latter 
alternative was found in the preparation of the ethiodide of 1-methylthiobenzthiazole 
(IIT) by reaction of the ethosulphate with potassium iodide. Its identity was established by 
its reaction with sodium sulphide, which gave rise to 1-thio-2-ethyl-1 : 2-dihydrobenzthiazole. 

Rassow, Dohle, and Reim (/oc. cit.) describe a quaternary iodide prepared by the action 
of ethyl iodide on 1-thio-2-methyl-1 : 2-dihydrobenzthiazole. Their preparation has been 
repeated, and the salt identified with the quaternary iodide (II) by its reaction with aqueous 
sodium sulphide to give 1-thio-2-methyl-1 : 2-dihydrobenzthiazole. 

1-8-Hydroxyethylthiobenzthtazole was readily obtained by the reaction of ethylene 
chlorohydrin with sodio-l-thiolbenzthiazole. A crude quaternary methosulphate was 
obtained from this, which on treatment with sodium hydrogen sulphide gave 1-thio-2- 
methyl-1 : 2-dihydrobenzthiazole. An attempt to prepare the ethiodide of 1-$-hydroxy- 
ethylthiobenzthiazole by boiling the substance in ethyl iodide gave rise, surprisingly, to 
1-hydroxybenzthiazole. Subsequent investigation showed that the conversion into hydroxy- 
benzthiazole proceeded by the action of heat alone, and a good yield could thus be obtained. 
A small amount of crystalline material isolated as a by-product of the reaction had the 
correct m. p. for dithian, but the compound was not definitely identified. The main bulk 
of the by-product was of a resinous nature. 


EXPERIMENTAL. 


The methylthiol derivatives of 1-thiolbenzthiazole and its substituted derivatives were all 
prepared by reaction of methyl sulphate with the sodium salt of the thiol in aqueous solution. 
The compounds were purified, where this was necessary, by distillation in a vacuum or by crys- 
tallisation. 1-Ethylthiobenzthiazole was conveniently obtained by the reaction of ethyl 
chloride with alcoholic sodio-1-thiolbenzthiazole in an autoclave at 65—70°. The yield was good 
and the product was purified by distillation in a vacuum (m. p. 29°, b. p. 170°/12 mm.). 

Reactions of 1-Methylthiobenzthiazole and 1-Ethylthiobenzthiazole——(1) A mixture of 1- 
methylthiobenzthiazole (100 g.) and methyl sulphate (83 g.) was warmed gently ; it became solid 
on cooling. This crude methosulphate was used in the following experiments: (a) The 
methosulphate was dissolved in water and treated with concentrated sodium hydroxide solution 
until the liquor was alkaline to litmus; methylthiol was evolved and an oil separated. On 
cooling, this solidified and was purified by washing with ligroin. It had m. p. 74—75° and 
was identified as 2-methylbenzthiazolone by mixed m. p. with authentic material (m. p. 76°) 
obtained by methylation of 1-hydroxybenzthiazole (Hunter, J., 1930, 125) (Found: C, 58-05; 
H, 4:2; N, 8-65; S, 198. Calc. for CsH,ONS: C, 58-2; H, 4:2; N, 8-5; S, 194%). The 
yield was 64% of the theoretical. Sodium carbonate or a suspension of lime gave the same 
compound. 

(b) The quaternary methosulphate from 100 g. of 1-methylthiobenzthiazole was dissolved in 
water (200 g.) at about 50°, and a solution of crystalline sodium sulphide (133 g.) in water 
(100 c.c.) added during 5 minutes. The temperature rose to 66° and methylthiol was evolved. 
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The mixture was stirred for } hour and allowed to cool and the solid was separated, washed, and 
crystallised from alcohol (420 c.c.). The product was identified by m. p. 90—91° and mixed 
m. p. with authentic material as 1-thio-2-methyl-1 : 2-dihydrobenzthiazole. Sodium hydrogen 
sulphide was substituted for sodium sulphide and gave the same result. The yield of 
recrystallised material was 71% of the theoretical. 

(2) 1-Methylthiobenzthiazole (50 g.) was treated with ethyl sulphate (50-7 g.) under similar 
conditions to those used in the reaction with methyl sulphate. The resulting crude quaternary 
salt was dissolved in water (100 c.c.) at 50° and treated with a solution of crystalline sodium 
sulphide (66-5 g.). The temperature rose to 62° and was subsequently held at 60—65° for 4 
hour. On cooling, the 1-thio-2-ethyl-1 : 2-dihydrobenzthiazole was separated and purified by 
distillation in a vacuum (yield, 81% of the theoretical), followed by crystallisation from alcohol ; 
m. p. 77° (Hunter, J., 1930, 145, gives m. p. 75°). 

(3) A crude methosulphate of 1-ethylthiobenzthiazole, treated in aqueous solution with 
sodium sulphide, gave 1-thio-2-methyl-1 : 2-dihydrobenzthiazole (yield, 96%). The m. p. after 
crystallisation was 88—89°. 

(4) 1-Methylthiobenzthiazole (30 g.) was boiled overnight with methyl iodide (30 g.) and 
methanol (100 c.c.). The resulting quaternary salt (5 g.) was dissolved in water (100 c.c.), 
and treated at room temperature with 28% sodium hydrosulphide solution (5 c.c.). 1-Thio-2- 
methyl-1 : 2-dihydrobenzthiazole was precipitated almost quantitatively (m. p. 88—89°). 

(5) 1-Methylthiobenzthiazole (36-2 g.) was boiled overnight with ethyl iodide (40 g.), and the 
resulting quaternary salt (II) crystallised twice from alcohol. It then had m. p. 138—140°. 
When the quaternary salt (10 g.) was treated in aqueous solution with crystalline sodium 
sulphide (12 g.), 1-thio-2-methyl-1 : 2-dihydrobenzthiazole was precipitated. 

(6) 1-Ethylthiobenzthiazole (39 g.) was boiled for 3 hours with methyl iodide (40 g.). The 
resulting quaternary salt, m. p. 138—140°, gave no depression of m. p. when mixed with the 
quaternary salt (II) described under (5). Their identity was checked by reaction with aqueous 
sodium sulphide, which gave 1-thio-2-methyl-1 : 2-dihydrobenzthiazole. 

(7) The crude ethosulphate of 1-methylthiobenzthiazole was treated with a concentrated 
solution of potassium iodide, and the resulting quaternary iodide (III) crystallised from alcohol. 
It had m. p. 131°, which was not depressed by admixture with the quaternary iodide (II), 
m. p. 138—140°, formed from ethyl iodide and 1-methylthiobenzthiazole. This new quaternary 
iodide was treated with sodium sulphide in the usual way, giving 1-thio-2-ethyl-1 : 2-dihydro- 
benzthiazole. 

(8) 1-Thio-2-methyl-1 : 2-dihydrobenzthiazole was treated with ethyl iodide, and the 
product purified exactly as described by Rassow, Dohle, and Reim (loc. cit.). It had m. p. 
131° (lit. 132°). It was recrystallised once from alcohol and once from alcohol-acetone; its 
m. p. was then 140°, both alone and in admixture with the product (II) of (5) and (6). Its 
identity was checked by reaction with sodium hydrogen sulphide, which gave 1-thio-2-methyl- 
1 : 2-dihydrobenzthiazole. 

The values for the m. p.’s of the quaternary iodides described above vary with the rate of 
heating. The above figures were obtained under comparable conditions. 

Reactions of Substituted Derivatives of 1-Methylthiobensthiazole—(1) 4-Chloro-1-methylthio- 
benzthiazole (43 g.), m. p. 65°, prepared from the thiol of Teppema and Sebrell (J. Amer. Chem. 
Soc., 1927, 49, 1754), was heated on a steam-bath for several hours with methyl #-toluene- 
sulphonate (37-2 g.). The resulting quaternary salt was extracted with water (600 c.c.), and the 
aqueous extract divided into two parts. 

(a) One portion was rendered alkaline with 30% sodium hydroxide solution (12 c.c.). 
Methylthiol was evolved, and 4-chlovo-2-methylbenzthiazolone was precipitated (yield, 71%), 
m. p. 109—110° after crystallisation (Found: N, 7-3; Cl, 18-0. CsH,ONCIS requires N, 7-0; 
Cl, 17-8%). 

(b) The other portion was treated with sodium hydrosulphide solution until precipitation 
was complete. 4-Chloro-1-thio-2-methyl-1 : 2-dihydrobenzthiazole was obtained in 68% yield, 
m. p. 169° after crystallisation from alcohol (Found: N, 6-6; Cl, 16-6. C,H,NCIS, requires 
N, 6-5; Cl, 16-5%). 

(2) 1-Methylthio-4-methylbenzthiazole (19-5 g., m. p. 52—54°) was converted into its 
quaternary methosulphate in the usual way. The salt was dissolved in water (200 c.c.), and 
the solution divided into two parts. 

(a) One part was made alkaline with sodium hydroxide. 2: 4-Dimethylbenzthiazolone was 
obtained in 92—93% yield, m. p. 121° after two crystallisations from alcohol (Found: N, 7:8; 
S, 17:1. C,H,ONS requires N, 7-8; S, 17-4%). 
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(b) The other portion was treated in the usual way with sodium hydrosulphide, 1-thio-2 : 4- 
dimethyl-1 : 2-dihydrobenzthiazole being obtained almost quantitatively. Crystallised from 
benzene, it had m. p. 190° (Found : N, 7-2; S, 33-3. C,H,NS, requires N, 7-2; S, 32-8%). 

(8) The methosulphate from 1-methylthio-8-naphthathiazole was treated in the usual way 
with caustic akali, giving 2-methyl-$-naphthathiazolone, m. p. 146° after crystallisation from 
alcohol (Desai, Hunter, and Kureishy, J., 1936, 1668, give m. p. 153°). 

Similarly, treatment with aqueous sodium sulphide gave 1-thio-2-methyl-1 : 2-dihydro- 
8-naphthathiazolone, m. p. 173° after crystallisation from alcohol (Kendall, B.P. 475,647, 
gives 173°). 

1-8-Hydroxyethylthiobenzthiazole.—1-Thiolbenzthiazole (50-1 g.) was dissolved together with 
sodium hydroxide (13-8 g.) in water (200 c.c.). The solution was heated to 60°, and 30% 
aqueous ethylene chlorohydrin (89 g.) added during } hour with agitation, which was continued 
for 3hours. The oil which separated was washed by decantation with warm water, allowed 
to solidify, and crystallised from benzene; m. p. 56—58° (Found: C, 51-2; H, 4-05; N, 6-6; 
S, 30-1. C,H,ONS, requires C, 51-2; H, 4-25; N, 6-6; S, 30-4%). 

1-8-Hydroxyethylthiobenzthiazole (30 g.) was heated under reflux for 2} hours at 125—130°. 
When the temperature was slowly raised to 200°, a small quantity of oily liquid came over and a 
white crystalline solid (0-3 g.) collected in the neck of the flask. This had m. p. 107—110°, 
raised to 110—112° by crystallisation from benzene (dithian?). The residue in the flask was 
extracted repeatedly with 2n-sodium hydroxide, and the extracts acidified. The precipitated 
l-hydroxybenzthiazole (12-8 g.) was identified by mixed m. p. with authentic material, and 
also by conversion by means of methyl sulphate into 2-methylbenzthiazolone. 


The author wishes to express his thanks to Imperial Chemical Industries Limited, Dyestuffs 
Group, for permission to publish these results. 


(Note added in proof). The results given in this paper contradict the statement of 
Beilenson and Hamer (this vol., p. 143) that the anomalous behaviour which they have 
observed on treating 2-methylthiolquinoline with ethyl iodide ‘‘ has no parallel in the case of 
1-methylthiolbenzthiazole and ethyl iodide.” 


RESEARCH LaBoRATORIES, I.C.I. (DyEstuFFs Group), LTD., 
BLACKLEY, MANCHESTER. [Received, November 25th, 1938.] 





108. Reactions of Benzthiazole Derivatives. Part II. The Conversion 
of 1-Alkylthiobenzthiazoles into 1-Thio-2-alkyl-1 : 2-dihydrobenzthiazoles. 


By FirMIN P. REED, ALEXANDER ROBERTSON, and WILFRED ARCHIBALD SEXTON. 


When heated with a trace of iodine, 1-methylthiobenzthiazole is transformed into 
1-thio-2-methyl-1 : 2-dihydrobenzthiazole. This reaction has been applied to some 
homologues and substitution products. 1-Thio-2-alkyl-1 : 2-dihydrobenzthiazoles can 
also be obtained by heating suitable quaternary iodides obtained from 1-alkylthio- 
benzthiazoles. 

Benzyl chloride reacts with 1-thiolbenzthiazole and its S-methylated derivative, 
giving rise to 1-thio-2-benzyl-1 : 2-dihydrobenzthiazole. This reaction has been inves- 
tigated in the case of 4-chloro-1-thiolbenzthiazole and 2-thiol-8-naphthathiazole. 
The S-benzyl derivative of the latter thiol reverts to the thiol on heating, and stilbene 
has been isolated as a by-product. 


By analogy with the well-known conversion of alkyl thiocyanates into the isomeric #so- 
thiocyanates, the thermal rearrangement of the readily accessible S-alkyl compounds 
(type I) appeared to offer a feasible method for the production of 1-thio-2-alkyldihydro- 
thiazoles (type II), which would be of general application. Unlike the thiocyanates, how- 
ever, (I, R = Me) and (I, R = Et), on being heated at 200—220°, furnished only traces of the 
expected isomerides, but when a crystal of iodine was employed as a catalyst, the use of 
which was suggested by the rearrangement of alkyl groups observed in the formation of 
the methiodide of 1-ethylthiobenzthiazole (Part I; preceding paper), satisfactory yields of 
the thio-dihydrothiazoles (type II) were obtained. Bromine also had a catalytic effect, but 
was much less efficient than iodine. 
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This catalysed reaction has been successfully applied to the 4-methyl-, 4-chloro-, 
5-chloro-, and 5-methoxy-derivatives of (I, R = Me), to (I, R = CH,:-CH-CHMe) and to 
(I, R= CH,Ph). It appeared to proceed extremely slowly when applied to 5-chloro-1- 
methylthio-3-methylbenzthiazole, and failed entirely in the case of 2-methylthio-8- 
naphthathiazole. The structure of the product (II, R = CH,-CH-CHMe) depends on 
analogy and on the fact that it is insoluble in concentrated hydrochloric acid, a property 
which appears to be common to the N-alkyl compounds of type (II), and is not possessed 
by compounds of type (I). It must be noted, however, that migration of the alkenyl 
group may have been accompanied by a shift of the double bond. 


S S N==C:S-CH,Ph 
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Although the thermal rearrangement of thiazoles (I) proved to be unsatisfactory, 
decomposition of their quaternary iodides (type III) by heat gave satisfactory yields of the 
corresponding thio-dihydrothiazoles (II) (compare the behaviour of 4-allyloxyquinaldine 
methiodide; Maunder-Jones and Trikojus, Chem. Abst., 1933, 1350). Small amounts of 
the quaternary iodides exerted a similar catalytic effect to that obtained when iodine was 
used in the conversion of (I) into (II). With the quaternary salt obtained from 1-methy]l- 
thiobenzthiazole and ethyl iodide, this reaction furnished (II, R = Me), a result in 
accordance with the rearrangements recorded in Part I. 

An attempt to obtain a quaternary salt by the action of benzyl chloride on 1-methyl- 
thiobenzthiazole resulted in evolution of methyl chloride and formation of 1-thio-2-benzyl- 
1 : 2-dihydrobenzthiazole (II, R = CH,Ph) in good yield. The substance was identified by 
the absence of m. p. depression on admixture with material prepared by isomerisation of 
1-benzylthiobenzthiazole with iodine. By treating benzyl chloride with 1-thiolbenzthiazole 
in the absence of alkali, 1-thio-2-benzyl-1 : 2-dihydrobenzthiazole was similarly obtained in 
good yield with elimination of hydrogen chloride. 

Reaction of benzyl chloride with an aqueous solution of sodio-2-thiol-8-naphthathiazole 
gave a benzyl derivative which from its method of formation is believed to be the 
S-substituted derivative, 2-benzylthio-B-naphthathiazole (IV). The same compound was 
obtained by the action of excess of benzyl chloride on the thiol in the absence of alkali. 
Similarly, benzylation of 4-chloro-l-thiolbenzthiazole either in the presence or in the 
absence of alkali gave 4-chloro-1-benzylthiobenzthiazole. This derivative was isomerised under 
the influence of iodine to the higher-melting 4-chloro-1-thio-2-benzyl-1 : 2-dihydrobenzthiazole. 
Thus the point of attack of benzyl chloride in the absence of alkali is the nitrogen atom 
in the case of the unsubstituted benzene ring, but the sulphur atom where the substituent 
is 4-chloro- or 3 : 4-benzo (compare Hunter, J., 1930, 125; Hasan and Hunter, J., 1936, 
1672, in which it is shown that methylation of 1-thiolbenzthiazole and its 5-methy], 
5-bromo- or 5-nitro-derivative in the absence of alkali occurs in each case on the sulphur 
atom). We have observed that in the preparation of (I, R = Me) by methylation of 
1-thiolbenzthiazole with methyl sulphate and aqueous sodium hydroxide under the usual 
conditions, the crude product is usually contaminated by about 2—3% of (II, R = Me) 
(compare Hunter, J., 1930, 129, who obtained only the S-isomeride by this method). 
By a modification of the conditions, yields of about 15% of (II, R = Me) can be obtained. 

An attempt was made to isomerise 2-benzylthio-$-naphthathiazole (IV) by heating it 
in the presence of a trace of iodine. Instead of isomerisation, 2-thiol-8-naphthathiazole 
was regenerated in substantial yield; stilbene was isolated from the by-products. The 
failure of this particular benzylthio-derivative to isomerise under the influence of iodine 
accords with the failure to bring about smooth isomerisation of the corresponding methyl- 
thio-derivative. The rupture of the C-S link in the benzylthio-residue recalls the formation 
of stilbene by the action of heat on dibenzyl sulphide (Fromm and Achert, Ber., 1903, 
36, 538). 
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EXPERIMENTAL. 


Where necessary in the following experiments advantage was taken of the insolubility of the 
thio-dihydrothiazoles (II) in concentrated hydrochloric acid to remove the soluble unchanged 
thiazoles (I). 

1-Thio-2-methyl-1 : 2-dihydrobenzthiazole (II, R = Me).—(A) A solution of 1-thiolbenz- 
thiazole (1 mol.) in 10% aqueous sodium hydroxide (1-2 mols.) was added with stirring to 
methyl sulphate (1-2 mols.) at 40—45°, and the mixture kept at this temperature for 3 hours. 
The product was isolated by means of chloroform, washed with aqueous sodium hydroxide, 
distilled in a vacuum, and resolved into (I, R = Me), m. p. 50° (yield, 62-9%), and (II, R = Me), 
m. p. 90° (yield, 15-5%), by means of concentrated hydrochloric acid. 

(B) A theoretical yield of this compound was obtained by heating (I, R = Me) (5g.) witha 
crystal of iodine at 210—215° for 3 hours. After purification from alcohol it had m. p. 90—91° 
and was identical with an authentic specimen. 

(C) The quaternary salt formed by warming (I, R = Me) (5 g.) with excess of methyl iodide 
was kept at 180° for 10 minutes, and the thio-dihydrothiazole (II, R = Me) (3-7 g.) isolated with 
concentrated hydrochloric acid and purified from alcohol. The same product (4-1 g.) was 
obtained when the methyl iodide was replaced by ethyl iodide, and the experiment carried out 
at 190°. 

(D) When the thiazole (I, R = Me) (5 g.) was heated with about 15% of the amount of 
methyl iodide (ca. 0-3 c.c.) required for complete conversion into the quaternary salt in a sealed 
tube at 155—160°, 3-7 g. of (II, R = Me) were formed. Distillation of the methosulphate from 
(I, R = Me) (Part I) (5 g.) at 180—190°/1 mm. gave (II, R = Me) (2-23 g.). 

1-Thio-2-ethyl-1 : 2-dihydrobenzthiazole (II, R = Et) was prepared by the foregoing iodine 
method from (I, R = Et) in good yield; it formed colourless stout prisms, m. p. 75—76°, from 
alcohol, identical with an authentic specimen. Decomposition of the salt (III, R = Et) (5 g.) 
at 190° for 15 minutes gave the same substance (1-2 g.). 

1-Thio-2-n-propyl-1 : 2-dihydrobenzthiazole.—2-n-Propylthiobenzthiazole (b. p. 177—178°/14 
mm.) (5 g.) and u-propyl iodide (5 c.c.) were heated on a water-bath for 15 minutes and 
then at 190—200° for 15 minutes. The product was treated with concentrated hydrochloric 
acid, and the 1-thio-2-n-propyl-1 : 2-dihydrobenzthiazole (1-5 g.) crystallised from alcohol, forming 
colourless prisms, m. p. 74° (Found: N, 6-4. C,9H,,NS, requires N, 6-7%). 

1-Thio-2-isoamyl-1 : 2-dihydrobenzthiazole.—2-isoAmylthiobenzthiazole (b. p. 186—187°/14 
mm.) (12 g.) and isoamyl iodide (13 c.c.) were heated on a water-bath for 2 hours and then at 
215° for 2 hours. The product was treated with an excess of concentrated hydrochloric acid. 
The dark brown, semi-solid mass (4 g.) was pressed on a tile, and the 1-thio-2-isoamyl-1 : 2- 
dihydrobenzthiazole crystallised from alcohol, forming stout colourless rectangular prisms, 
m. p. 54—55° (Found: N, 6-1. C,,H,,NS, requires N, 5-9%). 

1-Thio 2-a-methylallyl-1 : 2-dihydrobenzthiazole (II, R = CH,;CH-CHMe).—Prepared by the 
interaction of sodiothiolbenzthiazole and excess of «-methylallyl chloride in boiling alcohol, 
the thiazole (I, R = CH,:CH-CHMe) (oil, b. p. 186—188°/15 mm.) (5 g.), on being heated with 
a crystal of iodine at 220° for 3 hours, gave the thio-dihydrothiazole, m. p. 115° after two 
crystallisations from light petroleum (Found: N, 6-4; S, 29-0. C,,H,,NS, requires N, 6-3; 
S, 29-1%). 

5-Chlovo-1-thio-2-methyl-1 : 2-dihydrobenzthiazole-——The methylthio-compound (m. p. 98°) 
was prepared by methylation of 5-chloro-1-thiolbenzthiazole (U.S.P. 1,788,585) with methyl 
sulphate and aqueous sodium hydroxide and transformed into the thio-dihydrothiazole in the 
usual manner; m. p. 130° after purification from alcohol (Found : N, 6-6; S, 16-8. C,H,NCIS, 
requires N, 6-5; S, 16-5%). 

Similarly, 1-methylthio-5-methoxybenzthiazole (oil, b. p. 280°/20 mm.) gave 1-thio-5- 
methoxy-2-methyl-1 : 2-dihydrobenzthiazole, m. p. 87° after crystallisation from methyl alcohol 
(Found: N, 6-3; S, 29-6. C,H,ONS, requires N, 6-6; S, 30-3%). 

1-Thio-2 : 4-dimethyl- and 4-chloro-1-thio-2-methyl-1 : 2-dihydrobenzthiazole were pre- 
pared from the corresponding isomeric methylthiobenzthiazoles (type I) by the iodine method 
and identified by comparison with authentic specimens (Part I). 

1-Thio-2-benzyl-1 : 2-dihydrobenzthiazole (II, R = CH,Ph).—(A) Sodio-1-thiolbenzthiazole 
was treated with benzyl chloride in boiling alcohol, giving 1-benzylthiobenzthiazole, m. p. 
41—42°. This compound was converted, by heating with a trace of iodine at 200° for 17 hours, 
into 1-thio-2-benzyl-1 : 2-dihydrobenzthiazole, m. p. 149° after purification from benzene (Found : 
C, 65-5; H, 4:2; N, 5-5; S, 25-6. C,,H,,NS, requires C, 65-4; H, 4:3; N, 5-5; S, 24-9%). 
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(B) A solution of 1-methylthiobenzthiazole (54 g.) in o-dichlorobenzene (100 c.c.) was boiled 
with benzyl chloride (42 g.) for 10 hours, a gas (presumably methyl chloride) being evolved. 
On cooling, crystalline 1-thio-2-benzyl-1 : 2-dihydrobenzthiazole separated; yield, 18 g. after 
washing with light petroleum and drying; m. p. 149°, not depressed by material prepared as 
in (A). 

When the two reactants were boiled for 6 hours without a solvent, the yield was 62% ; 
m. p. 150°. 

0) Equimolecular amounts of benzyl chloride and 1-thiolbenzthiazole were heated at 200° 
until evolution of hydrogen chloride ceased (1 hr.). The solid product, crystallised from 
benzene, had m. p. 149—150°, not depressed by material prepared as in (A). 

2-Benzylthio-B-naphthathiazole (IV).—(A) 2-Thiol-6-naphthathiazole (21-8 g.) was dissolved, 
together with sodium hydroxide (4 g.), in ethyl alcohol (100 c.c.), benzyl chloride (12-7 g.) added 
tothe boiling solution during } hour, and boiling continued for 5 hours, sodium chloride separating. 
The mixture was poured into water, and the 2-benzylthio-B-naphthathiazole collected and crys- 
tallised from alcohol; m. p. 85—86° (Found: N, 4-7; S, 20-1. C,,H,,sNS, requires N, 4-6; 
S, 20-8%). 

(B) 2-Thiol-8-naphthathiazole (30 g.) was heated under reflux for 6 hours with benzyl 
chloride (30 g.). On cooling, 2-benzylthio-B-naphthathiazole separated; after recrystallisation 
from alcohol it had m. p. 85—86°, not depressed by material prepared as in (A). 

(C) 2-Benzylthio-f§-naphthathiazole (5 g.) was heated at 220° for 3 hours in the presence of a 
crystal of iodine. The product was extracted with 2n-sodium carbonate, and the extract 
acidified with hydrochloric acid: This gave 2-thiol-f-naphthathiazole (2-1 g.; 35%), m. p. 
235—237°, raised by recrystallisation from toluene to 248—250°; this was not depressed by 
authentic material. The residue from the sodium carbonate extraction was treated with warm 
ethyl alcohol-light petroleum, and the extract allowed to cool. The resulting gummy crystals 
were washed with concentrated hydrochloric acid and crystallised from light petroleum. The 
substance was then identified as stilbene by m. p. (125—126°) and mixed m. p. with material 
prepared by the action of heat on benzylideneazine. 

4-Chlovo-1-thio-2-benzyl-1 : 2-dihydrobenzthiazole.—4-Chloro-1-thiolbenzthiazole was benzyl- 
ated in alcoholic sodium hydroxide solution in the usual way. The resulting 4-chloro-1- 
benzylthiobenzthiazole was crystallised from alcohol; m. p. 73—75°. The same compound was 
obtained by boiling equal weights of the thiol with benzyl chloride under reflux for 6 hours 
(Found : N, 5-3; Cl, 12-2. C,H, NCIS, requires N, 4-8; Cl, 12-1%). 

The above benzylthio-compound (7 g.) was heated at 220° for 3 hours in the presence of a 
little iodine. Isomerisation to 4-chloro-1-thio-2-benzyl-1 : 2-dihydrobenzthiazole occurred, m. p. 
184—185° after crystallisation from benzene (Found: N, 4:8; S, 21-8. C,,H, NCIS, requires 
N, 4:8; S, 21-9%). 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for permission to 
publish these results 
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109. Acridine Derivatives. Part II. 
By Buim SAIN DUEGAN, KARTAR SINGH NARANG, and JNANENDRA NATH Ray. 


Further 5-substituted 3-amino-7-alkoxyacridines have been synthesised with the 
object of ascertaining their antiseptic activity. 


LINNELL eé¢ al. (Brit. J. Exp. Path., 1938, 19, 41) have found the aminoacridines to be 
good antiseptics. 

In view of the fact that the sulphonamide group in certain substances possesses excellent 
bacteriostatic and bactericidal properties, we have synthesised the substance (I) by the 
method described in Part I (J., 1938, 304). The related amine obtained by reduction was 
acetylated. 

The substance (II; X = OH, R = Me or Et), synthesised in an analogous manner, has 
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been converted into the related chloro-compound (II, X = Cl), and this condensed with 
diethylamine and with piperidine. The products have been reduced to the corresponding 
amino-compounds and in some cases the amine was acetylated. 

The bactericidal properties of these compounds are under investigation. 


NH >SO,NH, H-CH,-CH,X 


0, R 0, 
N 


EXPERIMENTAL. 


3-Nitvo-5-p-amidosulphonylanilino-7-methoxyacridine (I).—A mixture of 5-chloro-3-nitro-7- 
methoxyacridine (3-0 g.), -aminobenzenesulphonamide (1-79 g.), and amy] alcohol (20 c.c.) was 
heated at 110—115° for 2 hours, an orange-coloured hydrochloride separating. After cooling, 
the mixture was diluted with light petroleum, and the precipitate collected and decomposed 
with aqueous ammonia. The liberated base (I) crystallised from ethyl alcohol—chloroform (2 : 1) 
in bright scarlet plates, m. p. 298—-300° (decomp.); after drying at 100—110° for 1 hour, at 
150—160° for 2 hours, and at 190—200° for 2 hours, these had m. p. 304° (decomp.) (Found : 
N, 12-8; S, 7-2. C,9H,,0O,;N,S requires N, 13-2; S, 7- 5%). 

Reduction. The foregoing nitro-compound (1: -0 g.) in acetic acid (40 c.c.) was slowly added 
with stirring to the anhydrous stannous chloride reagent (30 c.c.; Albert and Linnell, J., 1936, 
1617). The mixture was left for 12 hours at 0°, and the precipitated tin double compound 
then collected and washed with acetic acid. An aqueous solution of the double compound was 
basified and extracted with ethyl acetate. The base recovered from the ethyl acetate layer 
crystallised from dilute alcohol in yellow plates (0-3 g.), m. p. 263—265° (decomp.). A slightly 
better yield (0-4 g.) of the amine was obtained by reducing the nitro-compound (1-0 g.), sus- 
pended in alcohol (160 c.c.), with hydrated ferrous sulphate (7-0 g.) in water (18 c.c.) and aqueous 
ammonia (40 c.c.). The hydrochloride crystallised in dark red plates when an alcoholic solution 
of the base was heated with concentrated hydrochloric acid; recrystallised from water and dried 
for 9 hours in a high vacuum at 150—160°, it had m. p. 315° (decomp.) (Found: N, 12-3; HCl, 
16-0. C,9H,,0,;N,S,2HCl requires N, 12-0; HCl, 15-6%). The acetyl derivative, prepared by 
means of warm acetic anhydride and acetic acid, crystallised from dilute alcohol in yellow 
rectangular prisms, m. p. 185° (Found for material dried at 150—160° in a high vacuum for 
6 hours: N, 12-8. C,,H,,0O,N,S requires N, 13-05%). 

3-Nitro-5-B-hydroxyethylamino-1-methoxyacridine (II; R = Me, X = OH), obtained from 
5-chloro-3-nitro-7-methoxyacridine (4-7 g.) and $-hydroxyethylamine (2-0 g.) in amyl alcohol 
(20 c.c.) (120°, 24 hours), crystallised from alcohol in scarlet needles, m. p. 237° (decomp.) (Found 
for material dried at 190° in a high vacuum for 10 hours: N, 13-0. C,,H,,0,N, requires N, 
13-4%). The corresponding -7-ethoxyacridine formed hair-like, curved, reddish needles, m. p. 
226° (decomp.) (Found in material dried at 190° for 8 hours: N, 12-6. C,,H,,O,N, requires 
N, 12-8%). 

3-Nitro-5-8-chloroethylamino-71-methoxyacridine (II; R=Me, X=Cl).—The hydroxy- 
compound (1-0 g.) was treated with thionyl chloride (7 c.c.), and the mixture warmed on the 
steam-bath for 45 minutes and cooled. After filtration and evaporation, the residue was washed 
with dry light petroleum, left in a vacuum over sodium hydroxide for 48 hours, suspended in 
water, and stirred with aqueous ammonia for $ hour. Ethyl acetate extracted the chloro- 
compound, which crystallised from benzene in stout red needles, m. p. 191° (Found in material 
dried at 150—155° for 6 hours: N, 12-3; Cl, 10-7. rr ka requires N, 12-7; Cl, 10-7%). 

3-N: itro-b-8-chloroethylamino-T-ethoxyacridine crystallised from benzene in bunches of reddish 
needles, m. p. 176° (decomp.) (Found in material dried at 130—140° in a vacuum for 8 hours : 
N, 12-2, C,,H,,0,N,Cl requires N, 12-2%). 

3-Nitro-5-8-piperidinoethylamino-7-methoxyacridine (II; R = Me, X = NC,H,9), prepared 
from the hydrochloride of 3-nitro-5-f$-chloroethylamino-7-methoxyacridine (2-7 g.), piperidine 
(2-1 g.), and amy] alcohol (4 c.c.) by the general method (100°, 4 hours), crystallised from acetone 
in ruby-red hexagonal prisms, m. p. 171° (decomp.) (Found in material dried at 130—150° 
in a high vacuum for 8 hours: C, 66-3; H, 6-3; N, 14:7. C,,;HO,N, requires C, 66-4; 
H, 6-6; N, 15-0%). 
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3-Nitro-5-B-piperidinoethylamino-7-ethoxyacridine crystallised from alcohol in hair-like 
needles, m. p. 221° (decomp.) (Found in material dried at 180—190° in a vacuum for 6 hours: 
N, 14-1. Cy,H,,0,N, requires N, 14:2%). 

3-A mino-5-B-piperidinoethylamino-7-methoxyacridine, prepared by reduction of the foregoing 
nitro-compound (1-0 g.) in acetic acid (40 c.c.) by the stannous chloride reagent (30 c.c.) at 0°, 
crystallised from ethyl acetate and recrystallised from 50% alcohol, formed bright yellow, 
rectangular plates, m. p. 170° (decomp.) (Found in material dried at 130—1i40° in a high 
vacuum for 9 hours: N, 16-0. C,,H,,ON, requires N, 16-0%). The acetyl derivative cryst- 
allised from 50% alcohol in golden-yellow plates, m. p. 206° (Found in material dried at 130— 
160° for 11 hours: N, 14-6. C,,;H,,0,N, requires N, 14-3%). 

3-A mino-5-B-piperidinoethylamino-7-ethoxyacridine crystallised from 40% alcohol in light 
brown prisms, m. p. 180° (Found in material dried in a vacuum at 60—70° for 1 hour, at 110° 
for 2 hours, and at 130—140° for 4 hours: N, 15-6. C,,H,,ON, requires N, 15-4%). 

3-Nitro-5-B-diethylaminoethylamino-7-methoxyacridine (II; R= Me, X = NEt,), prepared 
in a similar manner to the piperidino-compound, crystallised from 90% alcohol in rectangular 
plates, m. p. 155° (decomp.) (Found in material dried in a high vacuum at 110—140° for 8 hours : 
N, 15-1. CygH,,O,N, requires N, 15-2%). 

3-A mino-5-8-diethylaminoethylamino-7-methoxyacridine, crystallised five times from 50% 
alcohol and dried at 100° for 6 hours, had m. p. 128—134° (decomp.) (Found: N, 15:8. 
CypH,,ON, requires N, 16-5%). 

3-Nitro-5-p-anisidino-7-ethoxyacridine—The condensation of 5-chloro-3-nitro-7-ethoxy- 
acridine (3-03 g.) (Magidson and Grigorowsky, Ber., 1933, 66, 870) and p-anisidine (1-23 g.) in 
amyl alcohol (20 c.c.) at 110—115° for 3 hours furnished the hydrochloride, m. p. 315° (decomp.) 
(Found in material dried in a vacuum at 150—160° for 5 hours: N, 9-6; HCl, 8-7. 
Cy.H,,0,N;,HCl requires N, 9-9; HCl, 8-6%), of the above substance. The base, liberated by 
alcoholic ammonia, crystallised from ethyl alcohol in ruby-red needles, m. p. 185° (decomp.). 

3-A mino-5-p-anisidino-7-ethoxyacridine crystallised from 50% alcohol in bright yellow, 
stout needles, m. p. 168° (after drying) (Found in material dried in a vacuum at 60° for 2 hours, 
then at 105° for 8 hours: N, 12-0. C,,H,,O,N, requires N, 11-7%). The acetyl derivative 
crystallised from 80% alcohol in light brown, thick rods, m. p. 257° (Found in material dried 
in a vacuum at 100° for 1 hour, at 150° for 6 hours, and at 200° for 2hours: N, 10-3. C,,H,,;0;N,; 
requires N, 10-56%). 

3-Nitro-5-n-butylamino-7T-ethoxyacridine.—A mixture of 5-chloro-3-nitro-7-ethoxyacridine 
(1-01 g.), m-butylamine (0-65 g.), and amyl alcohol (1-5 c.c.) was heated at 100° for 5 hours in a 
sealed tube. The product was diluted with light petroleum, and the precipitate (0-9 g.) collected 
and heated with alcoholic ammonia. The alcoholic solution was filtered hot; on dilution it 
furnished an orange-red precipitate, which crystallised from 80% alcohol in red stout needles. 
The hydrochloride was prepared in alcoholic solution with concentrated hydrochloric acid; it 
separated on standing and crystallised from 50% alcohol in yellow needles, m. p. 265° (decomp.) 
(Found in material dried in a vacuum at 100° for 2 hours and at 150—160° for 7 hours: 
N, 10-7; HCl, 9-5. C,,H,,0O,N;,HCl requires N, 11-2; HCl, 9-7%). 

3-Amino-5-n-butylamino-7-ethoxyacridine was prepared from the foregoing nitro-compound 
by reduction with the stannous chloride reagent; difficulty was experienced in crystallising it. 
The acetyl derivative crystallised from dilute alcohol in hexagonal yellowish prisms, m. p. 
193° (decomp.) (Found in material dried in a vacuum at 100° for 2 hours and at 150° for 12 hours : 
N, 12-0. C,,H,,0,N, requires N, 12-0%). 

The analyses recorded were done by the micro-method. 


THE UNIvVERsITy, LAHORE. (Received, December 29th, 1938.] 





110. The. Hydrolysis of Triphenylmethyl Chloride in Dioxan. 
By Dennis R. READ and WILLIAM TAYLOR. 


Triphenylmethyl chloride is known to ionise in solvents such as liquid sulphur 
dioxide. Its hydrolysis might therefore be expected to proceed through a unimolecular 
mechanism involving slow ionisation (Hughes and Ingold) and should on this basis 
be of the first order with respect to the chloride but not to water. However, it is now 
found that the reaction is of the first order with respect to both triphenylmethyl 
chloride and water. Hence, neither the above unimolecular ionisation mechanism 
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nor Hammett’s multimolecular mechanism can be operative. It is concluded that the 
reaction proceeds through Taylor’s bimolecular mechanism (S,,). 

Further, in many previous investigations on the hydrolysis of alkyl halides not 
involving the use of soluble bases, water has been found to have a high accelerating 
effect. We report that triphenylmethyl chloride exerts a still higher catalytic effect 
than water on its own hydrolysis. The solvent theories of (a) Hughes and Ingold, (5) 
Hammett, and (c) Taylor, which were based on the former effect only, are shown to be 
inadequate for the interpretation of the latter effect. 


Nixon and Brancu (J. Amer. Chem. Soc., 1936, 58, 492) measured conductometrically 
the rate of alcoholysis of triphenylmethyl chloride at 0° and 25° in ether—alcohol (60 : 40 
by vol. at 25°). Over the very low concentration range of triphenylmethyl chloride used, 
viz., 0-002—0-0001 g.-mol./l., they found that the reaction was of the first order with 
respect to the chloride. They pointed out that the high concentration of alcohol in their 
experiments prevented any attempt being made to distinguish between a unimolecular 
ionisation mechanism of the type of Gleave, Hughes, and Ingold (J., 1935, 236), in which 
alcohol merely plays the part of an ionising solvent, and a bimolecular mechanism in which 
alcohol is a direct reagent. . 

Since Walden (Ber., 1902, 35, 2023) has shown that triphenylmethyl chloride ionises 
in liquid sulphur dioxide, possibly owing to solvation of the cation, 


so, @ 
CPh,Cl ——> CPh,'SO, + 1 
(Walden, 3rd Solvay Report, 1928, p. 510; Ingold, Trans. Faraday Soc., 1938, 34, 225; 
Sidgwick, see Waters, ‘“‘ Physical Aspects of Organic Chemistry,’’ 1937, p. 189), this suggests 
strongly that the alcoholysis or hydrolysis of this compound might proceed through the 
unimolecular ionisation mechanism, 7.e., 


H,O @ ° 
CPh,cl ——> CPh, + Cl 


(slow) (solvated) 


® 
CPh, + H,O ——> CPh,OH + H 


(solvated) (rapid) (solvated) 


If this were so, the reaction would be of the first order with respect to triphenylmethyl 
chloride alone, and would show no clear-cut dependence on the concentration of water. 
However, increasing concentrations of water would be expected to increase the rate of 
hydrolysis in a general way owing to increased facility of ionisation. 

On the other hand, Olson and Halford (J. Amer. Chem. Soc., 1937, 59, 2644) and Taylor 
(J., 1937, 344, 992, 1853, 1962; J., 1938, 840; J. Amer. Chem. Soc., 1938, 60, 2094) advance 
evidence suggesting that the hydrolysis of alkyl halides invariably follows a bimolecular 
mechanism, 7.¢., CPh,*Cl + H,O —> CPh,-OH + HCl, in which circumstance the 
reaction should be of the first order with respect to both reagents. A third proposed 
mechanism is that of Hammett and his co-workers (J. Amer. Chem. Soc., 1937, 59, 2536, 
2542), who regard the hydrolysis of alkyl halides as being multimolecular, involving the 
participation of several water molecules for each molecule of halide : 


CPh,-Cl + nH,O —> CPh,-OH + H,O + C1 (solvated) 


This view is taken, partly at least, because high concentrations of water are required to 
effect hydrolysis and because at these concentrations of water the rate of hydrolysis appears 
to be proportional to several powers of the concentration of water. 

It is clear, therefore, that the elucidation of the mechanism of hydrolysis (and of 
solvolysis generally) of alkyl halides by means of kinetics investigations has been rendered 
difficult because, in general, a relatively high concentration of water is required to effect 
reaction at a measurable rate, and this prevents any real significance being attached to the 
results of the application of the law of mass action (see, ¢.g., Lewis, “‘ A System of Physical 
Chemistry,’ 1929, p. 186). Tertiary halides are, however, reactive enough to allow 
sufficiently small concentrations of water to be used (Taylor, J., 1937, 1853; J. Amer. 
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Chem. Soc., 1938, 60, 2094), but the difficulty of finding a solvent inert to both reactants 
and products then arises; ¢.g., acetone is unsuitable owing to complications (loc. cit.). 
However, dioxan has now been found to be very suitable. 

The purpose of this investigation was to determine whether or not the reaction between 
triphenylmethyl chloride and water in dioxan solution, the two reagents being present 
in low concentrations, was of the first order with respect to each of them. The reaction at 
50° was followed by a titrimetric method. From Table I it is seen that for concentrations 
of 0-1—0-2 g.-mol./l.for the halide and 0-1—0-5 g.-mol./l. for water, 7.e., within the space 
enclosed by the broken line, the second-order velocity coefficient is constant within the 
limits of experimental error. Thus 


reaction rate = const. [CPh,°Cl][H,O] 


or, for a range of concentrations of both reagents for which the law of mass action is 
commonly assumed to apply, the hydrolysis is of the first order with respect to each 
reagent. 

TABLE I. 


Mean Values of the Second-order Velocity Coefficients (100k, expressed in 1. g.-mol.-1 min.-*) 
at 50°. 
(H,0]. 

(CPh,Cl]. 60-1213. 01713. 0-2213. 0-3713. 0-5213. 0-6213. 1-0213. 20213. 
0-1000 2-03 1-90 2-13 ° ° i ° 5-24 21-6 
0-1500 2-05 2-05 i 
0-2000 2-02 
0-5000 4-97 
0-6000 6-33 
This affords unambiguous evidence that, within these limits and under these conditions, 

the hydrolysis of triphenylmethyl chloride proceeds through a mechanism which is neither 
a unimolecular ionisation (Hughes and Ingold) nor multimolecular (Hammett) but 
bimolecular, This is presumably of the London type (Z. Elektrochem., 1929, 35, 552), 
involving simultaneous addition and dissociation of the reagents as pictured in more detail 
in the mechanism (S,,) discussed by Taylor (J., 1937, 1965). 

Solvent Effect—The value of the second-order velocity coefficient increases rapidly 
as [H,O] exceeds 0-5 g.-mol./l. (Table I). Any one of the three hypotheses which have 
been put forward might interpret such an effect, which is general for the hydrolysis of alkyl 
halides where no strong soluble base is present. These are (i) that of Hughes and Ingold _ 
(J., 1935, 244), who attribute it to an increased facility of ionisation of the alkyl halide 
due to increased water concentration; (ii) that of Hammett (loc. cit.), who regards the 
hydrolysis as being multimolecular with respect to water, one molecule of the halide 
reacting with several molecules of water owing to the affinity of the water molecules for 
halide ion; and (iii) that of Taylor (J., 1938, 840), who regarded it as being due to the 
added water causing increased dissociation of the water already present into a simpler and 
more reactive form. 

None of these can be the correct intepretation, at least for triphenylmethyl chloride, 
since it is now found (Table I) that the value of the second-order velocity coefficient 
increases with increasing concentrations of triphenylmethyl chloride above 0-2 g.-mol./l., 
and the effect is even greater than that due to water. On theory (i) this would presumably 
be attributed to an increase in the ionising power of the solvent, part of which is the 
halide, leading to increased facility of ionisation of the solute which now must be 
regarded as being water. In other words the hypothesis that an inert solvent, water, 
facilitates ionisation of the halide must, on this new observation, lead to the diametrically 
opposite view that water is not inert but is acted on by the halide in the rate-determining 
stage of the reaction. Theory (ii) would lead to the view that several molecules of the 
halide react with one molecule of water, in which case it would be difficult to ascribe the 
effect to the driving force of the solvation of hydrogen ions or hydroxyl ions by triphenyl- 
methyl chloride molecules. From theory (iii) it would be inferred that alkyl halides are 
associated in solution, which is palpably incorrect. 
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The true interpretation must lie in the increased total concentration of the reagents 
being above the maximum necessary for the application of the law of mass action. The 
excess reagents may then assume the réle of solvent. 

The Reversibility of the Reaction.—The reaction is reversible and may be represented 
stoicheiometrically by : 


hy 
CPh,Cl + H,0 => CPhyOH + HCl 


since triphenylcarbinol was isolated in almost quantitative yield from the products of the 
forward reaction, and triphenylmethyl chloride in high yield from the reverse reaction. 
Unfortunately, the rate of the reverse reaction, under conditions corresponding to those of 
the forward reaction, was so high as to preclude any possibility of its measurement by 
our titrimetric method. However, the equilibrium constants derived from the experi- 
mentally observed equilibrium concentrations of hydrogen chloride for the forward and 
the reverse reaction were approximately equal (Table II). This confirms the view that the 
only reactions occurring are as represented. Incidentally, an increase in the concentration 
of water increases the value of the equilibrium constant, which appears to be generally true 
for such systems (see, ¢.g., J., 1937, 1853). In Table II, [HCI],,, represents the experi- 
mentally observed equilibrium concentration of hydrogen chloride (corrected, as described 
on p. 482). 
TABLE II. 


Showing the Approximate Equality of K = [CPh,-OH][HCI]/[CPh,°Cl][H,O] as Determined 
for the Forward and for the Reverse Reaction, and hence the True Reversibility of the Reaction. 


Reverse reaction. 
Initial concns. Initial concns. 


(CPh,OH]. [HCl]. [H,O}. [HCl]q.. XK. [CPh,-OH]. [HCl]. [H,O]. [HCl], KK. 
0-1000 00-1000 0-5213 0-0669 0-242 01500 0-2000 0-5213 01260 0-217 
0-1000 00-1500 05213 0-1062 0-221 02000 00-1000 05213 0-0481 0-240 
01000 0:2000 0-5213 0-1449 0-205 02000 0-1500 05213 0-0776 0-231 
0-1500 00-1000 0-5213 0-0571 0-253 02000 0-2000 0:5213 0-1132 0-224 
01500 0-1500 0-5213 0-0900 0-232 0-1000  0-1000 1-0213 0-0786 0-277 


Forward reaction. 
(CPh,Cl). [(CPh,Cl]. 
0-1000 a 0-193 0-1000 
0-1500 — 0-199 0-1000 
0-200 —- 0-195 








EXPERIMENTAL. 


Triphenylmethyl chloride had m. p. 110—110-5° (Found: Cl, 12-6. Calc.: Cl, 12-7%). 
Triphenylmethylcarbinol had m. p. 157—157-5°.  Dioxan was refluxed over metallic sodium 
for 3 days and distilled from this; b. p. 101-4—101-6°/760 mm. 

Reaction Products.—(a) Forward reaction. Triphenylmethyl chloride (2-955 g.) was dissolved 
in dioxan (100 ml.) and water (2 g.), and the solution kept at 50° for 49 hours. Powdered chalk 
(5 g.) was added, the liquid filtered, and evaporated to constant weight at 50° in a vacuum. 
The residue (2-762 g.) had m. p. 154-5—155-5° and contained no trace of chloride. Recrystallis- 
ation of 1-511 g. from benzene gave a product (1-496 g.) of m. p. 157—157-5°, mixed m. p. 
with authentic triphenylmethylcarbinol 157—157-5°._ This represents a quantitative conversion 
of chloride into carbinol. 

(b) Reverse reaction. Triphenylmethylcarbinol (2-660 g.) was dissolved in dioxan (50 ml.), 
the solution saturated with dry hydrogen chloride, kept at 50° for 22 hours, and evaporated as 
in (a). The residue (2-830 g.) had m. p. 101-5—102° (Found: Cl, 11:1%). This represents 
86% conversion of carbinol into chloride in the presence of the water generated during the 
reaction. 

Kinetic Experiments.—Procedure. Flasks were calibrated to hold at 20° that volume of 
dioxan which at 50° became 50 ml., and pipettes were calibrated for 5 ml. under the same 
conditions. The flasks and pipettes were always dried by alcohol-ether before use. In making 
up the mixtures for the forward reaction, a weighed amount of water was added to dioxan 
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containing a weighed amount of triphenylmethy] chloride in a calibrated flask, and the liquid 
made up to volume with dioxan. For the reverse reaction, a weighed amount of triphenyl- 
methylcarbinol was dissolved in some dioxan in a calibrated flask; then a weighed amount of 
water, followed by an accurately measured volume of a standard dioxan solution of dry hydrogen 
chloride, were added, and the liquid made up to volume with dioxan. Aliquot portions were 
immediately pipetted into steamed test-tubes which had been dried at 120° for 4 hours and left 
overnight over calcium chloride in a desiccator. The tubes were then hermetically sealed and 
placed for protection in stout, fairly tightly-fitting tubes in a thermostat at 50°. The 
process from the time of mixing of the reagents to immersion in the bath occupied a fairly 
constant time of 10 minutes, the approximate temperature during this time being 20°. 
To follow the appearance or disappearance of acidity, at suitable times a tube was broken in a 
stoppered bottle containing an accurately measured mixture of benzene (100 ml.) and water 
(5 ml.), the liquid was well shaken, set aside until the aqueous layer was clear (2—5 mins.), 
and then this layer was run off. The bottle was washed out with benzene (20 ml.) and water 
(5 ml,.); this was drained into the foregoing benzene layer, and the shaking, etc., repeated. 
The combined aqueous extract (10 ml.) was titrated against n/20-sodium hydroxide. 

Extraction corrections. (a) The foregoing procedure failed to remove all the hydrogen 
chloride, for some was retained by the benzene; a correction factor of 1-12 was found, by 
control experiments, to be necessary. 

(b) Further, a correction had to be applied for the slight degree of hydrolysis of triphenyl- 
methyl chloride during the extraction process. The extent of the correction was found by 
determining the acidity liberated during this process from standard solutions of triphenylmethyl 
chloride in dioxan, with the following results (expressed in g.-mols./1.) : 

[CPh,C]) 0-1000 0-1500 0-:2000 0-3000 0-4000 90-5000 0-6000 
Correction (5) 00008 60-0019 00022 00-0025 0-0032 0-0039 00-0050 0-0061 


A smooth curve was constructed from these results, so that correction (b) could be ascertained 
for any value of [CPh,Cl] within this range. 

Finally, the correct concentration of hydrogen chloride present in the dioxan reaction liquid 
at time ¢ was given by 


[HCl)(corr.) = 1-12{[HClI](obs.) — correction (6)} 


From this, the true reversibility of the system being assumed, the concentrations of all the 
other compounds present in the system could be found. 

Correction for the Small Amount of Extraneous Moisture present in the Reaction Liquid.— 
Although rigid and systematic precautions were taken against the inclusion of extraneous moisture 
in the dioxan reaction systems, a very small constant amount was always present. This was 
demonstrated by using dry dioxan alone in the forward reaction. There was a gradual small 
increase in acidity until a constant value was reached, denoting equilibrium as shown below : 


[CPh,Cl] = 0-3000; [H,O] (added) = 0-0000. 


11-5 17-5 26-5 37-5 o 
[HCI] (obs.) 000715  0-00831  0-01030 0-01270  0-01550 
Corrn. (6) 00032 00032  0-0032 0-0032 00031 
fHCl} (obs. — (b) ; 000395 0-00511 0-0071 0-0095 0-0124 
[HCI] (corr.) 00044 0:0057 0:0080 00106 0-0139 


By employing different initial concentrations of triphenylmethyl chloride where [H,O] 
(added) was 0-1000 and also 0-0000, the value of c, the concentration of the extraneous water 
was obtained as follows : 


CPh,Cl + H,O = CPh,OH + HCl 
(b — #) {(O-1 + c) — #} * * 


Hence K = x*/(b — x)(¢ — x) = 23/(b — x,)(0-1 + c — #,) 


where * and #, are the equilibrium concentrations of hydrogen chloride and K is the equilibrium 
constant. The results are below : 


b. %. #. c (calc.). b. x. #3. ¢ (calc.). 
0-6000 0-0192 0-0598 0-0255 0-2000 0-0128 0-0449 0-0177 
0-3000 0-0139 0-0516 0-0179 0-1000 0-0119 0-0297 0-0240 

Mean 0-0213 
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This correction was applied in all experiments (see, e.g., Table II). 

The Determination of ts.—The determination of ¢, became important when the reaction was 
as rapid as in the present series of experiments, ¢, being that point of time which could be taken 
as zero time for the reaction if the reaction liquid immediately after the reagents were mixed 
had attained a temperature of 50°. In our procedure, some reaction occurred both (a) during 
the 10 mins. for which the reaction liquid was at room temperature (20°) and also (b) whilst it 
was being heated to 50°. The problem to be solved was thus to determine what period of time 
at 50° would produce the same amount of reaction. (The time of immersion, being more 
definite than that of mixing, was a more convenient fiducial time.) For this purpose it was 
necessary to determine the temperature coefficient of the reaction, and the rate at which the 
reaction liquid acquired the temperature of 50°. 

The temperature coefficient for 30° was 6-03, so correction (a) was 1-66 mins. 

To determine (b) we have Av7/Atp = k7[H,O][CPh,Cl] where kp is the velocity coefficient 
at temperature T°, and Av7 is the small amount of reaction, i.e., increase in the concentration 
of hydrogen chloride, during the small period of time Aty. If [H,O] and [CPh,Cl] are assumed to 


be constant, then 
Rep/Rege = [Avp/Aty) /[Ar%5q-/Atgo-] 


Further, if the temperature changes smoothly from 20° to 50° and yet [H,O] and [CPh,Cl] 
remain the same at any temperature for which kp is required over the time interval of about 
4 mins. (this approximation is sufficiently correct for the present purpose) then 


nok pAtr/Lhsq-Atsge = L3p-Ax7/LAX 9 
and where Le Axe = LAr 59> 
then LAtgoe = Usk pAty/Rso° 


From the temperature coefficient, the values of ky between 20° and 50° were calculated for [H,O] 
= 0-3713, [CPh,Cl] = 0-1000, and a curve drawn relating time of immersion to k7z/Rgo., T° 
being the temperature reached by the reaction liquid at the corresponding time of immersion. 
By inspection, a time—ZAf,». = 1-10 mins.—was found for which the areas corresponding to 
Use Axp and LA%,s- were equal. 

Finally, the corrections (a) and (b) give a total correction of ¢, = (1-10—1-66) mins. = 
— 0-56 min. 

Details of Experiments on the Forward Reaction.—In Table III are given details of experiments 
on the forward reaction to illustrate the variation in the values of the velocity coefficients 
during representative runs; , is the value calculated from the equation for an irreversible 
second-order reaction and k,* is that calculated from Baker and Nathan’s equation (J., 1936, 
236), both being expressed in 1. g.-mol.-! min.-. As the two are approximately identical, only 
two examples are given for the latter coefficient. 


TABLE III. 
(i) [H,O] = 0-1213; [CPh,Cl] = 0-2000. (ii) [H,O] = 0-2213; [CPh,Cl] = 0-2000. 

t. Xe % (corr.). ky. k,*. i. #. # (corr.). ky. k,*. 
7-5 0-0060 0-0039 0-0208 0-0222 7-5 0-0090 0-0073 0-0206 0-0228 
12-5 0-0077 0-0058 0-0196 0-0202 12-5 0-0130 0-0118 0-0216 0-0228 
22-5 0-0111 0-0097 0-0191 0-0193 22-5 0-0200 0-0197 0-0216 0-0222 
42-5 0-0189 0-0185 0-0205 0-0214 42-5 0-0312 0-0324 0-0203 0-0216 
92-5 0-0342 0-0358 0-0209 0-0269 72-5 0-0479 0-0512 0-0208 0-0262 
142-5 0-0380 0-0400 (0-0158)  0-0250 102-5 0-0507 0-0544  (0-0162) 0-0212 

0 0-0423 0-:0448 — — 00 0-0610 0-0661 — — 


(iii) [H,O] = 0-3713; [CPh,Cl] = 0-2000. (iv) [H,O] = 0-5213; [CPh,Cl] = 0-2000. 
7-5 00147 0-0137 0-0248 55 00190 00186  0-0347 
125 0-0206  0-0204  0-0237 105 0-0316  0-0328  0-0344 
17-5 0-0273 0-0279  0-0241 16-5 0-0470  0-0502  0-0354 
27-5 00370 0-0389  0-0224 24-5 0-0630  0-0682  0-0350 
37-5 00-0480 °0-0514  0-0230 33-5  0:0723 0-0788 (0-0313) 
47-5 00584  0:0630  0-0237 42-5  0-0803 00-0877 (0-0289) 
co 00747 0-0815 aa © 0-0858  0-0940 re 





If the coefficients are calculated from Bateman and Hughes’s equation (J., 1937, 1187) 
for a first-order reaction with a second-order reverse reaction, not only are they less consistent 
in any one run, but they also show a much greater variation with change of water concentration. 
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Details of Experiments on the Reverse Reaction.—The reverse reaction was too rapid to 
permit of the determination of the velocity coefficients, k,, but Table IV gives details of experi- 
ments in all of which [CPh,-OH] = 0-1500 and [H,O] = 0-5213, ¢ again being minutes; in these 
experiments the time of immersion was taken as é5. 


TABLE IV. 

[HCI] = 0-1000. [HCI] = 09-1500. [HCl] = 0-2000. 
[HCl]. [HCI (corr.). (HCl. [HCN (corr.). [HCl]. [HCl (corr.). 
0-0636 0-0702 0-0918 0-1013 0-1169 0-1292 
0-0580 0-0647 0-0857 0-0945 0-1151 0-1271 
0-0560 0-0615 0-0853 0-0940 0-1144 0-1261 
0-0544 0-0597 0-0848 0-0934 0-1151 0-1271 
0-0531 0-0583 0-0832 0-0917 0-1147 0-1269 
0-0522 0-0572 0-0817 0-0901 0-1137 0-1258 
0-0520 0-0570 0-0815 0-0899 0-1138 0-1259 


One of us (W. T.) thanks the Leverhulme Trustees for a Fellowship, which made this work 
possible. 
Tue PoLtyTEcHNic, REGENT St., Lonpon, W. 1. [Received, January 10th, 1939.] 





111. The Associating Effect of the Hydrogen Atom. Part IV. 
Salicyl- and Acetoacet-anilides. 


By HusBert O. CHAPLIN and Louis HUNTER. 


Measurements of molecular weight in naphthalene solution of some salicyl- and 
acetoacet-anilides, as well as wet melting-point determinations, indicate that these 
substances, although less associated than the parent benz- and acet-anilides, still display 
considerable association. The possibility of hydroxy] association (through the phenolic 
or enolic groups) is excluded, and it is probable that the association is due to hydrogen- 
bond formation between the amide hydrogen atom and an already chelate oxygen atom 
(phenolic or amidic). 

Chelate copper derivatives of the acetoacetanilides have been prepared, the pro- 
perties of which give support to the formula (III) proposed for the latter. 


THE mechanism suggested in Part I (J., 1937, 1114) to account for the association of 
amides depends upon the formation of a hydrogen bridge between the nitrogen atom of one 
amide group and the oxygen atom of another. This view gains support from the marked 
suppression of association brought about by the replacement of the amide hydrogen atoms 
(loc. cit.) and, in the case of anilides, by the engagement of the anilide hydrogen atom in 
chelate ring formation with a suitable o-substituent (Part II; J., 1938, 375). It should not 
be overlooked, however, that the similar engagement of the amide oxygen atom by intra- 
molecular co-ordination might equally well suppress the association of amides. In order 
to test this view an examination has been made of some salicyl-alkyl- and -aryl-amides (I) 
and acetoacetaryl-amides (III), in which co-ordination of the amide oxygen atoms inter- 
nally might be expected. As in previous parts of this series, molecular association was 
deduced from wet melting-point measurements and from molecular-weight determinations 
in naphthalene solution. Conclusions are based, not on the absolute values of the associa- 
tion factors (which may have no real significance), but rather on the slope of the association— 
concentration curves, a steep curve indicating high association and a flat curve low associa- 
tion. By comparing the slopes of these curves, anomalies arising from departures from the 
laws of dilute solutions are very much diminished. 
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The results of molecular-weight determinations (Fig. 1), however, indicate that, far 
from being unassociated, the salicyl-amides and -anilides are only slightly less associated 
than benz-amide and -anilide. That this association is due to phenolic association (i.e., 
through the salicyl hydroxy-groups) appears to be unlikely, since the salicylalkylanilides 
are unassociated, as is also salicyl-o-nitroanilide. In the former the anilide hydrogen atom 
has been replaced by alkyl, and in the latter (II) it is presumably co-ordinated with the 
o-nitro-group, thus rendering amidic association impossible. It is evident, therefore, 
that in these compounds phenolic association is similarly suppressed by chelation of the 
hydroxyl hydrogen with the neighbouring amide oxygen atom. 

These cryoscopic results are fully borne out by evidence from wet melting points, that 
for the salicylnitroanilides being particularly significant : salicyl-o-nitroanilide (II), shown 
cryoscopically to be unassociated, gave a wet melting-point depression of 12°, whereas the 
m- and p-isomers, in each of which the anilide hydrogen atom is free to undertake inter- 
molecular bonding, gave depressions of 32° and 39° respectively. Unfortunately, the last 
two substances were too sparingly soluble to provide molecular-weight evidence of associa- 
tion. 

It is clear that the association found in the salicyl-amides and -anilides, but suppressed 
in salicyl-o-nitroanilide and the salicylalkylanilides, must be due to the formation of a 
hydrogen bond between the amide hydrogen atom of one molecule and an electron-donor 
atom of another. Such bridge formation may occur in one or more of three ways: (a) 
to the amide nitrogen atom, viz.. N-H-N; (b) to the phenol oxygen atom, viz., 
N-H-O(phenolic) ; (c) to the amide oxygen atom, viz., N-H-O(amidic). Method (a) is 
unlikely in view of the relative weakness of this bond (Sidgwick, Ann. Reports, 1934, 31, 
43) in competition with (5) and (c). Since both the phenolic and the amidic oxygen atoms 
are members of a chelate ring system, methods (0) and (c) are possible only if such atoms, 
whilst still preserving their chelate character, are at the same time capable of extending 
their co-ordinating function to atoms outside the chelate ring. Such an assumption is 
easily conceivable on the resonance theory, and indeed receives some support from the 
solubility measurements of Copley, Zellhoefer, and Marvel (J. Amer. Chem. Soc., 1938, 60, 
2666), who deduce from them that chelate oxygen still possesses a residual, though reduced, 
capacity for co-ordination. Association by method (5) will then result in a linear polymer 
of two or more molecules involving, in one resonance form, the separation of terminal 
charges, and formula (V ; Sal = 0o-OH’C,H,°CO) depicts the two resonance states of a trimer 
of this type. Method (c), which is essentially that proposed for amides and sulphonamides 
in Part I (loc. cit.), can be similarly expressed by a cyclic dimer, three resonance states of 
which are depicted in (VI), or by a linear polymer similar to (V) but involving the amide 
instead of the phenolic oxygen atoms in bridge formation. 
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It is not possible, in the present state of our knowledge, to make any choice between 
the various possibilities set out above. Our original suggestions (Part I, Joc. cit.) as to the 
complex nature of amide association have been fully confirmed by subsequent workers 
from such widely different aspects as infra-red absorption spectra (Buswell, Rodebush, 
and Roy, J. Amer. Chem. Soc., 1938, 60, 2444), solubility (Copley, Zellhoefer, and Marvel, 
loc. cit.), and dielectric polarisation (Le Févre and Vine, J., 1938, 1790), and it may be 
concluded that the structure of the salicylanilides may well involve several of the alternatives 
enumerated above. 
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The case of the acetoacetanilides is complicated by the possibility of keto-enol change 
within the acetoacetyl group, thus giving rise to two possible alternative chelate structures 
(III and IV). Measurements show, however, that the acetoacetanilides, though less 
associated than acetanilide, still exhibit considerable association (Fig. 2); it would seem 
that the case is similar to that of the salicylanilides, and that the true formulation is as 
represented in (III). On this view (III), having a free imino-hydrogen atom, can associate, 
whereas (IV), in which the imino-hydrogen atom is a member of a chelate ring, cannot. 
The possibility of association of the enol form of (IV) is remote, since such a structure 
would almost certainly revert to (ITI) on account of the much greater stability of an internal 
O-H-O bridge. 
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Support is given to this choice by the preparation of a number of copper derivatives of 
the acetoacetanilides, all of which exhibit properties typical of chelate compounds. They 
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(VII.) 
salicylanilides, viz., by 


The figures given under 


Benzanilide (197) 


Salicylomethylamide (151) 
Salicylethylamide (165) 


Salicylanilide (213) 
Salicylo-o-toluidide (227) 
Salicylo-m-toluidide 


Salicylo-p-toluidide 


Salicylomethylanilide (227) 
Salicylethylanilide (241) 
Salicylo-o-nitroanilide (258) 


Salicylo-m-nitroanilide 
Salicylo-p-nitroanilide 
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are green crystalline substances, insoluble in water, but soluble in most organic solvents, 


and fusible at about 200°. The formation of chelate copper 
derivatives in all respects similar to these is shared by acetoacet- 
methyl- and -ethyl-anilides, and since the latter possess no anilide 
hydrogen atom, their copper derivatives must have formula (VII). 
It is reasonable to suppose, therefore, that the acetoacetanilides 
are (III) rather than (IV), and that their molecular association is 
probably achieved in a manner similar to that suggested for the 
the intermolecular sharing of the anilide hydrogen atom of one 


molecule with the phenolic or amidic oxygen atom of another. 

The following tables give the measurements on which are based the curves in Figs. 1 
and 2. Concentrations are given as g./100 g. of naphthalene, M is the apparent molecular 
weight calculated according to the ideal-solution laws, « is the association factor, and 
Ais the depression of m. p. in the presence of water, determined as described in Part II. 


M are the means of several determinations. Figures in parentheses 


indicate the normal molecular weight. Certain figures (in italics) are included for the pur- 
pose of comparison, from v. Auwers and Pelzer’s measurements in naphthalene (Z. phystkal. 
Chem., 1897, 23, 449), and are represented in Figs. 1 and 2 by broken lines. 





Salicyl-amides and -anilides (Fig. 1). 


Concn. M. a. M. p. Wet m. p. A. 
1-79 185 0-94 161° 144° 17° 
3-69 204 1-035 
5°83 223 1-13 
1-32 157 1-04 88 64 24 
3-92 164 1-09 
7-63 176 1:17 

10-80 187 1-24 
1-84 167 1-01 58 44 14 
4-23 175 1-06 
8-64 190 1-15 

11-73 199 1-21 
1-17 219 1-03 136 121 15 
2-62 222 1-04 
5-19 226 1-06 
7-57 231 1-09 
9-75 237 1-11 
1-33 231 1-02 145 130 15 
3-165 235 1-04 
5-17 237 1-05 
7-29 242 1-07 

10-43 251 1-11 
1-09 231 1-02 135—136 125 10—11 
3-22 232 1-02 
5-30 237 1-045 
7-50 243 1-07 
9-78 252 1-11 
2-44 233 1-03 155—156 141° 14—15 
4-36 238 1-05 
6-64 245 1-08 
9-27 254 1-12 
1-48 210 0-92 113 104 9 
3-43 216 0-95 
5-94 218 0-96 
8-23 221 0-975 
9-77 223 0-985 
1-37 229 0-95 78 71 7 
3-19 233 0-97 
4:97 231 0-96 
6-69 232 0-96 
8-49 235 0-97 
1-56 257 1-00 155 143 12 
3-78 260 1-01 
7-03 261 1-01 
9-58 264 1-02 

12-13 265 1-03 
(Too insoluble for measure- 219 187 32 

ment) 230—231 191 39—40 






















oe ee 







488 The Associating Effect of the Hydrogen Atom. Part IV. 


M. M.p. Wetm. p. 
Acetoacetanilides (Fig. 2). 
Acetanilide (135) 114° 86° 

209 

249 

274 
Acetoacetanilide (179) “ 189 
202 
217 
243 
193 
200 
215 
225 
198 
213 
228 
247 
198 
214 
230 
248 
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Acetoaceto-o-toluidide (193) 
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EXPERIMENTAL. 


The following new compounds were prepared in the course of the investigation. 

Salicylomethylanilide.—Salol (10 g.) and methylaniline (6 g.) were heated almost to boiling 
for } hour in an open flask. On cooling, the product was shaken with dilute acid; it solidified to 
a dark mass, which was purified by dissolution in alkali and reprecipitation with dilute acid. 
After several recrystallisations from cold alcohol by cautious addition of water, the product 
formed small white monoclinic needles or feathered clusters of needles, m. p. 113° (Found: 
N, 6:2. C,,H,,0,N requires N, 6-2%). Salicylethylanilide, prepared similarly, formed small 
white needles, m. p. 78° (Found: N, 5-7. C,s;H,,0O,N requires N, 5-8%). 

Cupric Acetoacetanilide.—Copper acetate (1-0 g.), dissolved in the least amount of water, 
was poured into a warm alcoholic solution of acetoacetanilide (1-8 g.). A dark green granular 
deposit soon formed, which crystallised from acetone in olive-green platelets, melting sharply 
at 212° (corr.) (decomp.) (Found: Cu, 15-25. C, 9H,,O,N,Cu requires Cu, 15°3%). It was in- 
soluble in water and in dilute alkali, and was decomposed by dilute acids. It was slightly 
soluble in benzene, chloroform, alcohol, and ether, fairly soluble in acetone, and very soluble in 
dioxan and in pyridine, forming green solutions. The relationship of this compound to the sub- 
stance prepared by Knorr (Amnalen, 1886, 236, 76) by heating aqueous acetoacetanilide with an 
ammoniacal solution of copper sulphate was examined by repeating Knorr’s preparation. 
The substance obtained, when dried at 100°, formed a green powder (Found : Cu, 30-4%) from 
which acetone extracted a green constituent, leaving a black residue of copper oxide. 
Repetition of the preparation but without boiling gave cupric acetoacetanilide (Found: Cu, 
15-1%) identical with the substance prepared as above. 

Cupric acetoaceto-m-toluidide, prepared similarly from acetoaceto-m-toluidide, formed a 
dark green crystalline powder from acetone, m. p. 192° (corr.) (decomp.) (Found: Cu, 14:3. 
Cy,H,,0O,N,Cu requires Cu, 14-3%). Cupric acetoaceto-p-toluidide formed green crystals, m. p. 
220° (corr.) (decomp.) (Found: Cu, 14:15%). 

Acetoacetethylanilide—Equimolecular proportions of ethylaniline and ethyl acetoacetate 
were heated to boiling (180—200°) in an open flask for 15 minutes. The resulting dark oil was 
cooled and treated with 2n-sodium hydroxide, whereupon a dense white precipitate of sodium 
acetoacetethylanilide separated. This was washed with light petroleum and air-dried for analysis 
(Found: Na, 9-9. C,,H,,0,NNa requires Na, 10-1%); it was soluble in water, giving a slightly 
alkaline solution, which on acidification with dilute acetic acid deposited acetoacetethylanilide 
as a pale yellow oil which crystallised on standing. Recrystallised from light petroleum, it 
formed colourless plates, m. p. 49—50° (Found: N, 6-7. (C,,H,,0,N requires N, 68%). 
The cupric derivative, prepared as before, formed dark green needles from acetone, soluble in 
benzene and chloroform, but less so in alcohol and in ether, m. p. 182° (corr.) (Found: Cu, 13-4. 
C,,H,,0,N,Cu requires Cu, 13-5%). 

Condensation of methylaniline with ethyl acetoacetate in similar circumstances, followed by 
treatment with sodium hydroxide, gave sodium acetoacetomethylanilide (Found: Na, 10-4. 
C,,H,,0,NNa requires Na, 10-8%). Treatment of this sodium derivative with dilute acetic 
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acid gave a yellow oil which did not solidify after prolonged immersion in a freezing mixture. 
Cupric acetoacetomethylanilide was therefore obtained by the double decomposition of an aqueous 
solution of the sodium salt with copper acetate. It formed dark green crystals from acetone, 
m. p. 164—165° (corr.) (Found: Cu, 14*1. C,,H,,0O,N,Cu requires Cu, 14:3%). 
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112. The Preparation and Therapeutic Properties of Certain 
4-Substituted Quinoline Derivatives. 


By W. L. Gren, M. M. J. SUTHERLAND, and F. J. WILSON. 


With a note on Antiseptic Properties and Trypanocidal Action by 
C. H. Browninc, P. BRownineG, and J. V. M. Ross.* 


Certain quinoline derivatives with a substituted amino-group in position 4 and a A 
methyl, styryl, or anilomethyl group in position 2, together with quaternary salts, have ij 
been prepared. These compounds have been examined as regards their antiseptic and 
trypanocidal properties. 





In continuation of previous work (J., 1938, 654), substituted 4-aminoquinoline derivatives 
have been prepared and examined. 

A number of such substances were prepared by heating 4-chloro-2-methylquinoline with 
an appropriate amino-compound, followed by conversion, if necessary, into a quaternary 
salt [examples (1), (2), and (6)j. A compound of type (I, R’ = Me) as quaternary salt was 





NH-C,H,R NH-C,H,R 
choo 
n/CH:CH-C,H,-N Me, 
mr R”"AX (II.) 


then condensed, piperidine being used as catalyst, with an aldehyde, giving an ethene such 
as (II) [examples (3) and (4)]. A diethene derivative (6) was obtained as quaternary salt 
(III) by condensing the dimethiodide of (5) with p-dimethylaminobenzaldehyde, thus : 


Msg S torn eam boana MeN ‘NH 
n/CH-CH-CeHyNMe, 


Mer Me**I 
CH:CH-C,H,NMe, _(III.) i 





The following substances were prepared by these general methods : 
(1) 4-Phenylamino-2-methylquinoline methochloride (as from I; R = H, R’ = Me); (2) a 
4-p-acetamidophenylamino-2-methylquinoline (R= NHAc, R’=Me) and the metho- 
sulphate, methiodide, and methochloride; (3) 4-phenylamino-2-p-dimethylaminostyrylquin- | 







* Working in the Bacteriological and Pathological Department of the University and Western 
Infirmary, Glasgow, with the support of the Medical Research Council and during the tenure of a Muir- 
head Scholarship by J. V. M. R. 
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oline methiodide (R = H, R’ = CH:CH-C,H,’NMe,) and the corresponding methochlovide : 
(4) 4-p-acetamidophenylamino-2-p-dimethylaminostyrylquinoline 

methiodide and the corresponding methochloride (R = NHAc, 

R’ = CH:CH:C,H,NMe,); (5) 2: 2’-dimethyl-4 :6’-diquinolyl- 

N ON H amine (IV) and its dimethiodide; (6) 2: 2'-bis-p-dimethyl- 
CQ aminostyryl-4 : 6'-diquinolylamine dimethiodide (III) and the 
(IV,) corresponding dimethochloride. (7) 4-p-Acetamtdophenylamino- 
2-p-dimethylaminoantlomethylquinoline methiodtde (as from 

I; R = NHAc, R’ = CH:N-C,H,-NMe,) was prepared from the methiodide of (1) and 

p-nitrosodimethylaniline with piperidine as catalyst. 

Antiseptic Properties and Trypanocidal Action—The above compounds were examined 
for antiseptic properties im vitro and trypanocidal action im vivo. The results are in the 
table. 

Antiseptic action. 








Staphylococcus 
aureus. B. coli. Precipitation. Trypanocidal action. 
No. of substance as in —_ -___ —eoO oo ~ ~ 
¥: S. P. Ss. ws .  Dosein mg. Result. 
2 + 2 -- . No action 
<1 20 ~- 3 * 
<i 1 20 
10 4 100 
1 40t _- 
6 Dimethochloride oo 200 200 10 200 40 
methiodide similar) .. 





4 1 2 10 2 2T No action 


P = medium consisting of 0-7% neutral peptone water. S = ox serum previously heated at 56°. 

Antiseptic action. The numbers are the reciprocals + 1000, of the concentrations which suffice to 
produce inhibition of growth in 48 hours at 37°, so that the medium remains unclouded or shows at 
most very faint turbidity. In the former case subculture may yield no growth, or, as in the latter case, 
may show very slight growth. 

Precipitation. The numbers are the reciprocals + 1000, of the lowest concentrations which show 
precipitation in the media. 

Trypanocidal action, as tested on T. brucei. The doses are reckoned per 20 g. body-weight of the 
mouse, injected subcutaneously 24 hours after inoculation, when scanty parasites were present in the 
blood. 


* The doses shown approximate to the largest amounts borne by uninfected animals without 
producing obvious toxic effects, e.g., loss of weight. 

+ The doses shown are limited by the solubility of the compounds. 

{t Results irregular. 


Antiseptic Properties.—Staphylococcus aureus and B. coli were used as the test organisms 
and the procedure was that previously described. Nos. 1 and 2 are not highly antiseptic 
towards either organism. In the case of No. 2, especially with B. coli, the effect in serum is 
greater than in aqueous medium. The styryl compound of No. 1 (No. 3) shows enhanced 
action on Staphylococcus, but it is only weakly antiseptic towards B. coli. A similar observ- 
ation to the last was made when corresponding analogues substituted in the 4- and the 6- 
position were compared, the latter being powerfully antiseptic (Ashley et al., Proc. Roy. 
Soc., 1933, B, 113, 293). The effect of the acetamido-derivative (No. 4) in aqueous medium 
is not accurately ascertainable owing to its very low solubility, but in serum its action does 
not differ very greatly from that of No.3. Compound No. 6 contains two styryl groups and 
is both a 4- and a 6-derivative. It shows markedly enhanced action as compared with the 
fragment of the molecule (No. 5) and is the most powerfully antiseptic member of the series, 
being extremely active against both organisms in serum. The corresponding dimethiodide 
is similar in potency. 

Trypanocidal Action.—In order to detect trypanocidal action, mice infected experi- 
mentally with T. brucet were treated according to the method described by Browning e¢ al. 
(Proc. Roy. Soc., 1929, B, 105, 99). With the exception of No. 6, all the compounds are 
without trypanocidal action even in considerable doses, the course of the infection being 
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practically uninfluenced. This agrees with the lack of trypanocidal properties shown by 
other 4-substituted derivatives where the corresponding 6-substituted analogue was active 


(Ashley e¢ al., loc. cit.). No.6 has produced cure, but the range of effective dosage is 
not great. 


EXPERIMENTAL. 


4-Chloro-2-methylquinoline was prepared from 4-hydroxy-2-methylquinoline (Conrad and 
Limpach, Ber., 1887, 20, 944) by slightly modifying the method of Fischer, Diepolder, and W6lfel 
(J. pr. Chem., 1925, 109, 59) to avoid local overheating ; contamination of the chloro-compound 
with the troublesome violet impurity usually present was thus eliminated; yield, 90% as mono- 
hydrate. The compound is best purified through the tartrate and not by the steam distillation 
method employed by Conrad and Limpach and others; their method is slow, and the yield much 
decreased by hydrolysis of the chloroquinaldine. A hot alcoholic solution of the monohydrate 
was treated with alcoholic tartaric acid in excess. The tartrate, which separated on cooling, 
was collected, washed with alcohol and ether, and dissolved in hot water, and the base liberated 
by addition of the necessary quantity of sodium carbonate. 4-Chloro-2-methylquinoline 
separated as an oil, which solidified, on cooling, as the monohydrate. 

4-Phenylamino-2-methylquinoline Methochloride (1).—2-7 G. of 4-phenylamino-2-methyl- 
quinoline (Fischer e¢ al., loc. cit.), recrystallised from methyl alcohol, was dissolved in 2 c.c. of 
nitrobenzene, and 1-6 g. of methyl sulphate added. The reaction was started at 50° and com- 
pleted on the water-bath. The methosulphate separated overnight as a colourless crystalline 
substance. It was collected, dissolved in warm water, and transformed into the methochloride by 
addition of a saturated solution of sodium chloride. On recrystallisation successively from water 
and alcohol the substance was obtained in colourless crystals, m. p. 259—261°, readily soluble in 
water and alcohol and insoluble in ether (Found : N, 10-0. C,,H,,N,Cl requires N, 9-8%). 

4-p-A cetamidophenylamino-2-methylquinoline (2) was prepared in almost theoretical yield by 
heating in an oil-bath an intimate mixture of 4-chloro-2-methylquinoline hydrate (20 g.) and 
p-aminoacetanilide (15 g.). A vigorous reaction commenced at 100°, the temperature rising 
spontaneously to 165°. The cold powdered hydrochloride was extracted with cold water, and 
the base liberated as a bulky yellow precipitate on the addition of sodium hydroxide. On 
recrystallisation from alcohol, in which it was sparingly soluble, it was obtained as a pale yellow, 
crystalline powder, m. p. 280—285° (Found: N, 14:3. C,,H,,ON; requires N, 14-4%). 14-6G. 
of this substance and 7 g. of methyl sulphate in 100 c.c. of nitrobenzene were slowly heated to 
120—130° till homogeneous, and the solution further heated for 4 hour on the water-bath. 
Addition of ether precipitated the methosulphate, which, after solidifying, was extracted with 
ether and dissolved in hot water. Addition of a saturated solution of potassium iodide pre- 
cipitated the methiodide, which, after washing with water, alcohol, and ether, separated from 
aqueous alcohol in lemon-yellow crystals, m. p. 270—284° (decomp.), soluble in water and spar- 
ingly soluble in methyl and ethyl alcohols (Found: N, 9-9. C,H,» ON;I requires N, 9-7%). The 
methochloride, prepared in a similar way with sodium chloride, was first recrystallised from water 
and finally from alcohol, in both of which it was very soluble; m. p. 278—285° (decomp.) 
(Found : N, 12-2. C,gH,,ON,Cl requires N, 12-3%). 

4-Phenylamino-2-p-dimethylaminostyrylquinoline Methiodide (3).—4-Phenylamino-2-methyl- 
quinoline methiodide, previously prepared by Fischer and others (loc. cit.) by heating in a sealed 
tube, was obtained more expeditiously by heating 4-phenylamino-2-methylquinoline with 
methyl iodide in nitrobenzene under reflux for 1 hour; yield, 80%. A melt of 5 g. of this 
methiodide and 2-5 g. of p-dimethylaminobenzaldehyde with five drops of piperidine was heated 
at 140° (oil-bath) for 2 hours; the mass then became almost solid. The powdered product was 
freed from unchanged material by boiling first with ether and then with alcohol and was re- 
crystallised from 50% aqueous alcohol. The substance formed red, felted, needle-shaped prisms, 
m. p. 250—260° (decomp.) after darkening at about 200°, moderately soluble in water and alcohol 
(Found : N, 8-6; I, 25-4. C,,H,,N;I requires N, 8-3; I, 25-1%). By means of silver chloride in 
aqueous methy] alcohol it was converted into the corresponding methochloride, which crystallised 
from nitrobenzene in red water-soluble prisms, m. p. 280—285° (decomp.) after darkening at 
260° (Found: N, 10-2. C,,H,,N,Clrequires N, 10-1%). 

4-p-Acetamidophenylamino-2-p-dimethylaminostyrylquinoline methiodide (4) was prepared by 
melting a mixture of 4-3 g. of the methiodide of (2) and 5 g. of p-dimethylaminobenzaldehyde, 
adding five drops of piperidine, and heating for $ hours at 130—140° (oil-bath). The product 
was treated with ether to remove unchanged aldehyde, and the residue crystallised from nitro- 
benzene. It formed dark red prisms, m. p. 270—275° (decomp.) (Found: N, 10-0. C,,H,,ON,I 














Notes. 


requires N, 9-9%). By means of silver chloride it was converted in the usual way into the 
corresponding methochloride, which crystallised from nitrobenzene in orange-red prisms, darken- 
ing at about 280° and unmelted at 310° and moderately soluble in alcohol and water (Found : 
N, 11-7. CygH,,ON,Cl requires N, 11-9%). 

2 : 2'-Dimethyl-4 : 6’-diquinolylamine. (5).—An intimate mixture of 7-9 g. of 6-amino-2- 
methylquinoline and 9-8 g. of 4-chloro-2-methylquinoline hydrate was gradually heated with 
stirring to 170—180°; reaction then commenced, the temperature rising spontaneously to 270°. 
The crude powdered hydrochloride was extracted with hot water, and the solution filtered and 
boiled with charcoal. On addition of sodium carbonate to the aqueous solution the base was 
precipitated. After several recrystallisations from alcohol it was obtained as a colourless 
powder, m. p. ca. 110°, readily soluble in absolute alcohol but insoluble in water (Found: N, 
14-1. CygH,,N, requires N, 14-11%). The dimethiodide, obtained by heating 3 g. of the sub- 
stance with 5 c.c. of methyl iodide in 10 c.c. of nitrobenzene for 2 hours, was recrystallised first 
from water and finally from aqueous alcohol. It formed yellow prisms, m. p. 230—275° 
(decomp.) (Found : N, 7-3. C,,H,3N,;I, requires N, 7-2%). 

2 : 2’-Bis-p-dimethylaminostyryl-4 : 6’-diquinolylamine dimethiodide (6) was prepared from the 
preceding compound (4-1 g.) by melting it with 8-5 g. of p-dimethylaminobenzaldehyde, adding 
five drops of piperidine, and heating the mixture at 130—140° for 9 hours. The cold product 
was repeatedly extracted with boiling ether, hot water and hot alcohol, and the residue purified 
from aqueous methyl alcohol. It was obtained as an amorphous purple powder, m. p. 230— 
255° (decomp.), moderately soluble in water and alcohol (Found: N, 8-5. CygH,,N,I, requires 
N, 8-3%). It was converted in the usual way into the corresponding dimethochloride, a purple 
amorphous powder, which was not further purified owing to its great solubility in water and 
organic solvents. 

p-A cetamidophenylamino-2-p-dimethylaminoanilomelhyliquinoline Methiodide (7).—A suspen- 
sion of 4-3 g. of the methiodide of (2) and 1-9 g. of p-nitrosodimethylaniline in 40 c.c. of alcohol 
containing a little water and five drops of piperidine was boiled for 10 hours. The product 
separated on standing overnight and was freed from any unchanged nitrosodimethylaniline by 
boiling with ether. It crystallised from nitrobenzene in dark red prisms of indefinite m. p. and 
was readily soluble in alcohol (Found : N, 12-6. C,,H,,ON,I requires N, 12-4%). 
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NOTES. 


The Constitution of the Tetrapolymer of Hydrogen Cyanide. A Reply. By L. E. HINKEL. 
GRYSZKIEWICZ-TROCHIMOWSK!I in his reply (J., 1938, 1466) to the paper of Hinkel, Richards, and 
Thomas (J., 1937, 1432) offers no further experimental evidence in support of his claim that the 
tetrapolymer is diaminomaleinitrile (I). These authors have already pointed out that no evi- 
dence of tautomerism for the polymer had been obtained. It is therefore still considered that 
the imino-formula (II) is alone capable of explaining all the reactions of the compound. The 
authors have also shown that the reaction between glyoxal and the polymer does, in fact, proceed 
stepwise as postulated by Gryszkiewicz-Trochimowski for formula (II). 


_ NH,C-CN NH,‘CH-CN 
(I.) NH,C-CN NHiC-CN (IL) 


That Gryszkiewicz-Trochimowski did not isolate this intermediate compound is probably due 
to his employing impure materials, since he states (Rocz. Chem., 1928, 8, 165) that he obtained 
a dark crystalline mass by mixing hot aqueous solutions of the reactants. He did not, however, 
examine or analyse this mass, but crystallised it from hot water, a process which in presence of 
the small quantity of acid associated with ordinary glyoxal is sufficient to convert any of the 
bright red amorphous intermediate compound into the colourless dicyanopyrazine. 

The behaviour of the polymer as a mono-acid base lends further support for the structure 
(II), since it has been shown (compare, inter alia, Jay and Curtius, Ber., 1894, 27, 60) that the 



























i 


Oo w= a os hh oe ee 











[1939] Notes. 493 


cyano-group does not inhibit the basic property of the amino-group; e.g., aminoacetonitrile 
readily yields a sparingly soluble hydrochloride, CN-CH,*NH,,HCI, with cold concentrated 
hydrochloric acid in a manner similar to the polymer. 

Gryszkiewicz-Trochimowski states that many other diamines (e.g., o-phenylenediamines) 
react with only one molecule of an aldehyde, forming iminazole derivatives. This statement 
cannot be accepted without new facts to support it, since it has been shown (Ladenburg, Ber., 
1878, 11, 590, 1648; Hinsberg, Ber., 1887, 20, 1585; Pinnow and Wiskott, Ber., 1899, 32, 898) 
that o-diamines react with aldehydes, giving rise to the substituted iminazoles (III) and (IV), of 
which (IV) predominate. 


N N 
JX </S N:CHR CN-C-N:CHPh 
te ie: “ vo NH CN ls 

"” X-CH,R : , 

(III.) (IV.) (V.) (VI.) 


Furthermore, in those isolated cases where o-diamines react with only one molecule of an 
aldehyde, compounds of type (V) result, and these compounds react with a second molecule of 
an aldehyde to give the iminazole derivative (III). 

A benzylidene compound (VI) based on the diamine formula does not account for the non- 
basic properties of the compound or for its inactivity towards nitrous acid. 

Gryszkiewicz-Trochimowski’s criticisms have in no way weakened the original conclusions 
of the authors.— UNIVERSITY COLLEGE, SWANSEA. [Received, February 4th, 1939.] 





9-Phenyl-1: 2:3: 4-dibenzanthracene. By ERNST BERGMANN and T. BERLIN, 


WHEN lithium is substituted for the hydrogen atom in position 4 of 1 : 2 : 3-triphenylnaphthalene 
and the metal atom is then removed by treatment with iodine or mercury, a hydrocarbon, 
C,,H,,, m. p. 227°, is formed. On the basis of oxidative degradation experiments, this had been 
formulated as 9-phenyl-1 : 2 : 3 : 4-dibenzanthracene (I) by Bergmann and Zwecker (Amnalen, 
1931, 487, 155). We have been able to support the existing evidence from the synthetic side. 
o-9-Phenanthroylbenzoic acid (II) (Weizmann and co-workers, J., 1935, 1367) on reduction, 
by Clemmensen’s method, gave 0-9-phenanthrylmethylbenzoic acid: this was cyclised to 
1: 2:3: 4-dibenz-9-anthrone (III), which was treated with phenyl-lithium, and the resulting 
carbinol dehydrated to yield (I). 

Fieser and co-workers (J. Amer. Chem. Soc., 1937, 59, 128; 1938, 60, 170) found appreciable 
difficulty in introducing methyl radicals via their magnesium derivative into various anthrones 
similar to (III). Whether this difference in behaviour is due to the use of a phenyl compound 
or to the use, in our case, of lithium instead of magnesium, is not clear. 


% a 
Ph | HO,C 
(I.) (II.) (III.) 


o-9-Phenanthrylmethylbenzoic A cid.—o-9-Phenanthroylbenzoic acid (I) (15 g.) was reduced with 
amalgamated zinc-wool (150 g.) and hydrochloric acid by Clemmensen’s method. The reduced 
acid separated spontaneously and was recrystallised from 80% acetic acid, forming clusters of 
needles (12 g.), m. p. 197° (Found: C, 84-2, 84-3; H, 5-4, 5-3. C,,H,,O, requires C, 84-6; H, 
51%). 

1:2:3: 4-Dibenz-9-anthrone (III).—The foregoing acid (9 g.) was boiled for 3 hours with 
thionyl chloride (40 c.c.), the excess of the latter distilled off, and the residual acid chloride 
dissolved in carbon disulphide (100 c.c.) (which caused partial crystallisation) and treated at 
0° with powdered aluminium chloride (4-4g.). After standing at room temperature for 12 hours, 
the mass was poured into ice-cold concentrated hydrochloric acid, and the solid, together 
with the product remaining after evaporation of the carbon disulphide solution, was extracted 

LL 
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with boiling glacial acetic acid. The crystalline precipitate obtained from the acetic acid solution 
gave, on recrystallisation from ethyl malonate or nitrobenzene, the desired ketone (2 g.), m. p. 
286° (Found: C, 89-3; H, 4:7. C,,H,,O requires C, 89-7; H, 4-7%). , 

9-Phenyl-1 : 2:3: 4-dibenzanthracene (I).—Powdered 1: 2:3: 4-dibenz-9-anthrone (1 g.) 
was shaken with ethereal phenyl-lithium solution (from 5 c.c. of bromobenzene and 6 g. of 
lithium; 10 mols.) in a Schlenk tube (nitrogen atmosphere) for 2 days. The solution was 
decomposed with dilute sulphuric acid and the crystalline 9-hydroxy-9-pheny]l-9 : 10-dihydro- 
1: 2:3: 4-dibenzanthracene remaining after evaporation of the ethereal layer was collected 
after trituration with alcohol. It had m. p. 250° (decomp.). As it underwent only partial 
dehydration on heating with butyl alcohol (from which it formed lancet-shaped leaflets), it was 
converted into (I) by crystallisation from butyl alcohol containing some concentrated hydro- 
chloric acid. (I) formed broad colourless needles, m. p. 227°, which were identified by the method 
of mixed m. p. with a sample of 9-phenyl-1 : 2 : 3: 4-dibenzanthracene prepared by Bergmann 
and Zwecker (loc. cit.).—-THE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. 
[Received, November 29th, 1938.] 





1:4:9: 10-Tetraphenylanthracene. By Cu. WEIZMANN and ERNST BERGMANN. 


THE dimethyl ether (I), easily accessible by the action of methyl-alcoholic sulphuric acid on 
9 : 10-dihydroxy-1 : 4: 9: 10-tetraphenyl-9 : 10-dihydroanthracene, is treated with sodium 
powder in ethereal suspension, whereby the disodium compound (II) is formed (Schlenk and 
Bergmann, Amnalen, 1928, 463, 159). On treatment with an excess of mercury, the sodium 
atoms are eliminated (idem, ibid., p. 6), leaving the desired 1 : 4: 9: 10-tetraphenylanthracene 
in a pure state. When these experiments had been completed, Bachmann and Chemerda (/. 
Amer. Chem. Soc., 1938, 60, 1023) described a somewhat similar process for the preparation of 
9 : 10-dimethyl-1 : 2-benzanthracene; they hydrolysed the disodium compound, and de- 
hydrogenated the 9: 10-dihydro-derivative by means of sulphur. 


Ph OMe Ph Na 


Ph Ph 
(II.) 
(I.) 
Ph Ph 


Ph OMe Ph Na 


9 : 10-Dimethoxy-1 : 4: 9: 10-tetrvaphenyl-9 : 10-dihydroanthracene (I).—The dihydroxy-com- 
pound (Weizmann, Bergmann, and Haskelberg, this vol., p. 397) (2 g.) was suspended in hot 
methyl alcohol (50 c.c.), and a solution of concentrated sulphuric acid (3 c.c.) in methyl alcohol 
(50 c.c.) added (methylation apparently occurs even in absence of sulphuric acid: the diol 
dissolves in the methyl alcohol, but crystallisation quickly sets in) ; the mixture was then heated 
for 3 hours at the b. p. The product was collected, washed with methyl alcohol, and recrystal- 
lised from butyl acetate, forming prisms, m. p. 309°, in quantitative yield (Found: C, 88-l, 
87-9; H, 6-2, 5-9. C, 9H;,O, requires C, 88-2; H, 5-9%). 

1:4:9: 10-Tetraphenylanthracene.—The foregoing dimethyl ether (1 g.) was shaken in ethereal 
suspension (about 250 c.c.) with sodium powder during 24 hours; a dark violet solution was 
obtained in which most of the sodium compound (II) was suspended as a brown-violet powder. 
The solution and powder were decanted from the excess of metal in a nitrogen atmosphere and 
shaken with mercury (15 c.c.) for 24 hours. The yellowish mass was poured into water, and the 
ethereal layer dried and evaporated. The residue (0-7 g.) crystallised spontaneously; its m. p. 
(204°) was not depressed by authentic 1:4: 9: 10-tetraphenylanthracene. 

1:4:9: 10-Tetraphenyl-9 : 10-dihydroanthracene.—The easy accessibility of the above- 
mentioned disodium compound led us to study its hydrolysis in the usual way, by adding 
alcohol. The ethereal solution, on evaporation, left a crystalline cake, which was recrystallised 
from glacial acetic acid containing some acetic anhydride; the mixture of white leaflets and 
stout yellowish prisms thus obtained was separated mechanically. The leaflets crystallised 
from butyl alcohol in long broad needles, m. p. 217° (Found : C, 93-8; H, 6-1. C,,H,, requires 
C, 94-2; H, 58%). The prisms were fractionated from glacial acetic acid, giving a further crop 
of the substance, m. p. 217°, and yellowish prisms, m. p. 205°, after several recrystallisations 
(Found; C, 93-9; H, 63%). These substances represent, according to the analytical figures, 
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the stereoisomeric forms of 1 : 4: 9: 10-tetraphenyl-9 : 10-dihydroanthracene. [The lower-melting 
substance is not a molecular compound of 1: 4:9: 10-tetraphenylanthracene and its dihydro- 
derivative, m. p. 217° (compare Haack, Ber., 1929, 62, 1771). The two substances do not 
combine, but crystallise separately from their mixed solutions.] Usually (Schlenk and 
Bergmann, Annalen, 1928, 463, 149, 155) only one form is obtained in reactions of this type, 
but a similar observation has been made recently by Bachmann and Pence (J. Amer. Chem. 
Soc., 1937, 59, 2339) in the case of 1 : 2: 6: 7-dibenzanthracene.—TuE DaNIEL S1teFF RESEARCH 
INSTITUTE, REHOVOTH, PALESTINE. [Received, November 29th, 1938.] 





113. The Kinetics of the Thermal Decomposition of the 
Methylamines. 


By Austin G. CARTER, PERCIVAL A. BOSANQUET, CLIFFORD G. SILCOCKs, 
Morris W. TRAVERS, and ALFRED F. WILSHIRE. 


The kinetics of the decomposition of the three methylamines has been followed 
by analytical methods. The complexity of the decomposition processes increases very 
materially as we pass from the tertiary to the primary amine, but marked similarities 
are observed in the case of the secondary and the tertiary amine. The tertiary amine 
yields as main products methane and methylmethyleneimine, small quantities of 
hydrogen and of ethane being also formed. The rate of formation of methane is 
diminished by packing the reaction tube, and is increased by the addition of helium. 
The z#-¢ graphs are of unimolecular form, the value of E being 59 kg.-cals. The 
process may be represented by the equations 


N(CH,)3 = CH,* + N(CH;),° 
CH,° + N(CH,), = CH, + N(CH,),°CH,° 
N(CH;),.°CH,* = CH, + CH,°N:CH, 


Dimethylamine yields methane, methylmethyleneimine, and methylamine, 
together with a little hydrogen, and at 420—440° the rate of formation of methane is 
very close to that in the case of the trimethylamine, the temperature coefficient of the 
reaction having nearly thesame value. The rate of formation of methane is retarded by 
packing the reaction tube. The process is obviously more complex than in the case of 
the tertiary amine, and is probably initiated by the formation of methyl radicals, and 
carried on by a chain mechanism as in the case of the tertiary amine. The alternative 
explanation that it is initiated by a bimolecular process resulting in the formation of 
mono- and tri-methylamine, the latter undergoing changes as indicated above, does not 
seem likely. 

The primary amine only decomposes at a rate comparable with that of the secondary 
and the tertiary amine when the temperature is 100° higher. The decomposition 
process is even more complex than that of the secondary amine, and seems to proceed 
in three successive stages. The first involves the liberation of hydrogen, with the 
formation of a product less volatile than methylamine, which decomposes in successive 
stages, yielding first methane, and afterwards hydrogen cyanide. There is little 
positive evidence that free radicals take part in the decomposition process. If they do 
so, the reactions originate in the dissociation of methylamine into CH,-NH: and H:, 
and not into CH,* and NH,:. 

The amines and ammonia fall into two well-marked groups, di- and tri-methylamine 
belonging to one, and methylamine and ammonia to the other. Our knowledge of this 
type of molecule is too slight to allow of speculation as to the causes of the difference in 
the behaviour of the two groups. 


General Experimental Methods.—The methods of investigation were the same as those 
employed in a number of similar researches, the chemical changes being followed by analytical 
methods. The amines were obtained from the purified hydrochlorides, the solutions of which 
were run into an evacuated flask containing a concentrated solution of potassium hydroxide, 
and the vapour being passed through a long tower containing the solid alkali. The amines were 
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then stored in sealed glass bulbs containing freshly ignited lime, and samples of methylamine, 
from which it was suspected that there was a difficulty in removing water, were stored in this 
way for some months. This treatment had no influence on the results of experiments. 
Methylamine was stored as a gas in glass tubes over mercury, and quantities were measured 
in a gas burette. The liquid secondary and tertiary amines were stored in bulbs containing 
also a little lime. The quantities introduced into the reaction tubes were measured in the 
apparatus described by Seddon and Travers (Proc. Roy. Soc., 1936, A, 156, 239). The 
usual precautions were taken to remove and exclude the smallest traces of oxygen. Combustion 
of the gases over copper oxide, and measurement of the carbon/nitrogen ratio was the ultimate 
check on purity. However, different fractions of the gases gave identical results, so far as the 
results can be said to be reproducible. 

Measured quantities of the gases, sealed in silica reaction tubes, were heated for known 
periods, after which the tubes were chilled, and their contents analysed. Recently, the method 
has been criticised on the ground that there must be a lag in the heating of the tube, with a 
consequent error in the results. It may be pointed out that this error is only material when we 
consider the overall changes between 0° and ?#°, and is eliminated when, as is often the case, the 
changes in consecutive intervals are considered independently (cf. J. Soc. Chem. Ind., 1934, 
53, 323T). In any case it is easy to apply a correction if one knows the approximate value of 
the temperature coefficient of the process, and the rate of heating of the reaction tube. This can 
be determined by sealing a long stem to it, introducing a thin wire thermo-junction before 
placing the tube in the furnace, and observing the rate of rise of temperature. In experiments 
such as ours, in which the temperatures are low, and the rates of change slow, the corrections 
are small. The lag in the process of chilling a tube under a spray is of the order of 10 seconds 
which, again, can be allowed for. 

The methods of removing the gases from the reaction tubes, etc., have been fully described 
elsewhere. 


The Thermal Decomposition of Trimethylamine. 


Romeny (Ber., 1878, 11, 835) found that when trimethylamine was passed through a 
tube heated to dull redness a liquid product having the formula (C,H;N), was formed, 
together with hydrocarbons, hydrogen cyanide, and ammonia. He concluded that the 
main reaction could be represented by the equation 


a eS a e208 > oer 


the methylmethyleneimine afterwards polymerising. This conclusion is substantially 
correct. Recently, Rice and Johnston (J. Amer. Chem. Soc., 1934, 56, 214) passed the 
vapours of di- and tri-ethylamine through tubes heated to 1000°, and measured the rate 
of removal of standard mirrors of antimony, obtaining a measure of the concentration 
of the methyl radicals in the emergent gas streams. From the results they estimate the 
energy of activation of the rupture of the CH,-N bond at 51—52 kg.-cals., that for the 
C-C bond, determined by the same method for hydrocarbons and other simple straight- 
chain compounds, being between 81 and 71 kg.-cals. 


Experiments with Trimethylamine.—The experiments were carried out at temperatures 
between 380° and 440°, and in this range the reaction proceeded mainly in accordance with 
equation (1), representing the initial and final conditions, but some hydrogen and ethane were 
also formed. At 480° hydrogen cyanide could be detected in the products, but not at lower 
temperatures; at this temperature methylamine, if it were formed, would begin to decompose. 

After removal of hydrogen and methane at — 180°, the excess of trimethylamine and ethane 
could also be removed by maintaining the reaction tube at — 80°, and connecting it with a bulb 
cooled to — 180°. There then remained in the reaction tube a residue, part of which was 
volatile at room temperature. Both this and the non-volatile fraction had a composition 
approximating to C,H;N. By means of a series of rather complex operations, the volatile 
part of the residue was transferred to a glass tube, in which its volume at 184° could be measured. 
It was afterwards transferred to a silica apparatus, in which it was burned in oxygen. The non- 
volatile residue in the reaction tube was also burned with oxygen. From the results of two 
experiments the formula of the volatile residue was found to be (C,»;HysN)o.. and 
(Cy.9H¢75N) 1.93. In the early stages of the reaction the proportion of volatile constituent 
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in the residue predominates; the ratio volatile/non-volatile in the set of experiments in Table 
I, in which the initial concentration was 2434 x 10-5 g.-mol./l., was 1-25 after 15 minutes, but 
only 0-4 after 30 minutes. It is evident that the monomer is the first product of the reaction. 
The units in all the tables are mins. and g.-mol./l. x 105 (or g.-atom/l. x 10°). 

To determine the effect of change of concentration on the rate of formation of methane, the 
experiments of which the results are recorded in Table I were carried out. In these, the 
quantities of ethane formed were not measured (see p. 498). The results can be represented by 
equations of unimolecular form, the values of the resulting constants diminishing linearly with 
fall in initial concentration. 

To determine the effect of temperature on the rate of formation of methane, a series of 
experiments was carried out at an initial concentration 1217 x 10° g.-mol./l. The results 
(see Table II) are again, in each case, reproducible by formule of unimolecular type. The mean 
values of the constants plotted against 1/T (Table III) give a straight line from which the 


TABLE I. 


Thermal decomposition of trimethylamine at 440°. 
CH,. H, kx 10% t. CH,. H, kx 10% 


Initial concn., 1217. Time of half-change, 64 mins. 
278 5 9-78 86-5 738 18 10-76 
517 9 10-02 116-5 885 24 11-20 
Mean 10-77 

Initial concn., 1805. Time of half-change, 59 mins. 
455 6 11-24 86-5 1166 28 11-54 
859 21 11-06 116-5 1370 51 12-22 
Mean 11-52 

Initial concn., 2434. Time of half-change, 60 mins. 
299 5 11-40 56-5 1204 23 12-11 
695 15 13-59 86-5 1729 42 14-05 
1045 14 13-76 Mean 12-97 


TABLE II. 


Thermal decomposition of trimethylamine: Influence of temperature at initial 
concentration 1217. 


440°. 420°. 380°. 
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TABLE III. 


Thermal decomposition of trimethylamine: Variation of velocity constant with temperature. 
(Initial concn., 1217.) 


| a AR A le Rs Oa 440° 420° 400° 380° 
3-53 1-114 0-235 


value of 59 kg.-cals. is calculated for the conventional constant E. The quantities of hydrogen 
collected vary irregularly with time; and although it is possible that a process of an inter- 
mittent character may be operating, the data are insufficient to settle the point. 
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Two series of experiments were carried out to test the effect of packing a reaction tube 
with silica rods, so as to reduce the volume by one-third, and to increase the surface 6-fold. 
The results of the first series, at 400°, are given in Table IV, and those of the second series, at 
440°, which were carried out while investigating the rate of formation of ethane, are given in 
Table VI. Packing the tube diminishes the rate of formation of methane to a marked extent, 
but less at the higher than at the lower temperature. 


TABLE IV. 


Thermal decomposition of trimethylamine: Effect of packing the reaction tube at 400° and 
initial concentration 1217. 
Packed tube. Empty tube. 
CH,. H,. CH,. 
98 16 50 


183 26 304 
289 30 . 425 


(See also Table VI.) 


The results of experiments on the effect of addition of helium, which always increased 
the rate of formation of methane, are given in Table V. 


TABLE V. 


Thermal decomposition of trimethylamine: Influence of helium on the rates of change at 
400° and initial concentration 1217. 
Empty tube. Packed tube. 
t He. CHy,, with He. CH,, no He. t. He. CH,, with He. CH,, no He. 


116-5 1637 189 150 236-5 1950 263 183 
236-5 2864 336 304 386-5 1789 334 289 
386-5 1504 519 425 
386-8 3204 471 425 


The investigation of the formation of ethane was an afterthought, and was the subject of a 
separate set of experiments. After removal of hydrogen and methane from the reaction tubes, 
the contents, at room temperature, were allowed to distil into a tube, fitted with a stopcock, 
which was cooled to — 180° and contained a little oxalic acid and a few drops of water. The 
stopcock was then closed, and the receiving tube allowed to attain room temperature, after 
which it was again cooled to — 80°, and the ethane was pumped off. The results of the 
experiments are given in Table VI and in Fig. 1. 


TABLE VI. 


Thermal decomposition of trimethylamine: Rate of formation of ethane at 440°. 
Tube. Initial amine. t. CHy. H,. C,H, d[C,H,]/d[CH,]. 
Empty 2434 56-5 1334 43 57 
” 86-5 1791 67 125 
116-5 2129 86 180 
146-5 2271 176 206 
191-5 2288 102 220 
” 236-5 2605 111 252 
Packed 56-5 1212 51 47 
” 116-5 1894 102 123 
” 236-5 2511 106 
Empty 116-5 34 
” 176-5 49 
Packed 116-5 28 
” 176-8 46 


Discussion of Results of Experiments with Trimethylamine.—The analytical data, and the 
results of the vapour density of the volatile product of the reaction, confirm the view that 
the thermochemical decomposition of the compound is represented stoicheiometrically 
by equation (1). The slowing down of the rate of reaction by packing the reaction tube, 
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and the acceleration by addition of helium suggest a chain mechanism. The most obvious 
explanation complying with this condition may be represented by the equations, 


(CH,);N = CH, +(CH).N- . . .  . (2) 
(CH,);N + CH, = CH,+-°CH,N(CH,, - . . (3) 
-CH,*N(CH,), = CH,* + CH,‘N:CH, RE Sa he 


The methyl radicals are the chain carriers. The chains appear to originate in the gas phase, 
and to be broken at the surface. Changes involving the (CH,),N: radicals, and the methyl 
radicals, which disappear when the chains are broken at the surface, would not be observable. 

The reaction rates are very exactly represented by formule of unimolecular type, the 
constants in the series at 440° diminishing linearly with concentration. However, the rates 
of reaction were not studied at pressures low enough to indicate whether they showed 
a sudden drop at low pressures, such as a current theory of unimolecular processes suggests. 


Fie. 1. 





t t t 7 


x Empty tube 











Minutes. 


The unimolecular type of formula may indicate that the time-determining step in a 
process involves the decomposition of single molecules, or merely that the overall change 
is a very complex one, and we have at present no means of deciding whether processes, 
such as those under consideration, belong to one class or to the other. 

The curious similarity in the behaviour of di- and tri-methylamines, and the dissimilarity 
between them and the monoamine will be referred to later (p. 501). 

It does not seem likely that the ethane is the product of union of pairs of methyl radicals. 
The form of the x-¢ graphs suggests that the production rate is initially zero, indicating 
that the process is, at least partially, a secondary one, involving some substance, such as 
methylmethyleneimine, of which the concentration is zero initially. The S-shape of the 
graphs suggests that the concentration of some reactant diminishes towards the end of 
the process. It is possible therefore that the ethane is formed by a reaction involving 
methyl radicals and methylmethyleneimine. 

The only significant fact regarding the formation of hydrogen is that the non-volatile 
product contains less hydrogen than corresponds to the formula C,H;N. There is no 
indication of a mechanism. 


The Thermal Decomposition of Dimethylamine. 


Using the pressure-difference method of measuring the rate of chemical change, Taylor 
(J. Physical Chem., 1932, 36, 1960) investigated this process. His experimental results 
could be represented by a series of equations of unimolecular form over a temperature 
range 480—500°, and he obtained the value 44 kg.-cals. for E. He concluded “ that the 
simplicity of the decomposition is illusory, due to the mutual compensation of several 
concurrent reactions,’ and suggested that methylhydrazine was formed at lower tempera- 
tures, and more complex compounds at higher temperatures, the gaseous products being 
hydrogen, methane, and ethane. 
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Our own experiments carried out at 420° and 440°, appeared to indicate that the 
decomposition process was represented by the equations 


2NH(CH,), = N(CHs)3 + CH,‘NH, jie Se aol 
N(CH,), =CH, + CH,N:CH, Boe als: il 


a result which led us to investigate the thermal decomposition of the tertiary amine. The 
results suggest that these equations do not represent the changes taking place. 


Experiments with Dimethylamine.—The procedure was exactly the same as in the case of 
trimethylamine. The contents of the reaction tube volatile at — 180° consisted of hydrogen 
and methane. After these had been pumped off, the tube was heated to — 80°, and connected 
to a tube cooled to — 180°. The residue then remaining was burned with oxygen to determine 
its composition, that of the volatile fraction being obtained by difference. The results of 
experiments with an empty tube and with a packed tube at 420°, and with an empty tube at 
440°, are giveh in Table VII. 


TABLE VII. 


Thermal decomposition of dimethylamine at initial concentration 2283. 


Non-volatile residue remaining in reaction tube. Volatile 
¢ - — residue. 
t. CH,. . Cc. H. N. Formula. Formula. 
Empty tube, 420°. 
11-5 198 707 C,H,N C,H,N 
19 203 513 1726 276 C,H,N C,H,N 
22-75 755 2046 433 C,H,.,N C,H,N 
26-5 217 782 2268 389 
41-5 359 848 2355 516 C,H,.,N 
49 423 1011 2748 528 C,H,;.;N 
56-5 482 1149 3119 626 C,H,.,N 
86-5 516 1425 3864 793 C,H,N 
116-5 753 1572 3784 C,H,N 


296-5 1178 1974 4121 C,H,N 


Packed tube, 420°. 
56-5 86 329 1044 Co-ocH pM 
86-5 134 470 1391 C.H.N 
116-5 184 138 538 1414 C;Hy.,N 
Empty tube, 440°. 
26-5 573 39 ete cate se aie 
56-5 949 102 1627 3483 722 C,H,N 


86-5 1153 127 2058 4812 1014 C,H,N 
116-5 1308 149 1926 3954 1052 C,H,N 


———— ne 


176-5 1547 190 2058 4261 1121 C,H,N 














Discussion on the Results of the Experiments with Dimethylamine.—The composition of 
the non-volatile residue should correspond to that of methylmethyleneimine, C,H;N. It 
does so, except in the case of the first experiments in the first series, where the quantity 
is small, and in the last experiments of each series, where the hydrogen content is low. 
The latter result is probably due to the formation of hydrogen by the decomposition of the 
polymeric compound. It must be pointed out that the very prolonged experiments with 
the empty tube, particularly at 440°, indicate a side reaction giving more methane than 
corresponds to the stoicheiometric relationship represented by equations (5) and (6). 
Such complicating side-reactions become more and more obvious as we pass down the series 
from the tertiary to the primary amine. Since they apparently become more active, 
relatively to the main process, at the higher temperatures, any future experiments should 
be carried out at temperatures not higher than 420°. 

The volatile residue approaches ultimately to the composition CH;N, that of methyl- 
amine, but at intermediate stages it must contain excess of undecomposed secondary 
amine, with the primary amine, and possibly the tertiary amine, though there is actually 
no evidence that the last compound is formed. It is impossible to deal with it analytically. 
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Actually, it would not be worth while following the decomposition of the dimethylamine 
further, unless one could determine the rate of formation of monomethylamine, and so 
study the rate of the process by which it is formed. 

For the purpose of determining the influence of packing the tube on the decomposition 
process, the data relating to the formation of methane can be plotted, and they are found 
to be nearly linear initially. The rate of formation of methane in the empty tube is 
between 5 and 6 times that in the packed tube. The effect is considerably greater than in 
the case of trimethylamine. 

The experiments on dimethylamine bring out an interesting point, viz., the similarity 
between the behaviour of the secondary and the tertiary amine on thermal decomposition, 
and their dissimilarity to the primary amine. The data are insufficient to give an accurate 
measure of the rates of formation of methane from dimethylamine, but by comparing the 
amounts of methane formed at 420° and 440°, in 26-5 minutes, and assuming that both 
processes are unimolecular in form (Tables II and VII), we obtain the following result. 
The rate for the secondary amine is 1-16 times faster at 420°, and 1-09 times faster at 440°, 
than that for the tertiary amine, and the temperature coefficient of the former reaction 
is 1-06 greater than that of the latter, giving 56 kg.-cals. as an approximate value for E 
for the formation of methane from dimethylamine. 

As evidence that the decomposition of dimethylamine is initiated by the formation 
of free methyl radicals we have the identity of the rate of this process with that of the 
decomposition of trimethylamine, and of the values of E for the two processes. The 
results of the experiments of Rice and Johnson (see p: 496) on the formation of free methyl 
radicals from the two amines at higher temperatures support this conclusion. It must, 
however, be assumed that the compound CH,:NH, which has not been detected in the 
products of reaction, is formed as an intermediate, so that it must react with the dimethyl- 
amine, yielding methylamine and methylmethyleneimine. It has been suggested that a 
similar change takes place as a second step in the decomposition of methylamine. 


The Thermal Decomposition of Methylamine. 


In 1886 Miiller (Bull. Soc. chim., 45, 439) showed that the decomposition products at 
1200° were ammonia, hydrogen cyanide, methane and hydrogen. In 1930 Hurd and 
Carnahan (J. Amer. Chem. Soc., 52, 4151) suggested that the primary amines were first 
dehydrogenated on heating, forming methyleneimines, and that these compounds then 
lost hydrogen, forming nitriles. Taylor and his co-workers (J. Physical Chem., 1930, 34, 
2761; 1932, 36, 670, 1960) attempted to follow the decomposition of the higher amines by 
the pressure-difference method. They concluded that the processes were unimolecular, 
the value for E being 40—45 kg.-cals. Sickman and Rice (J. Amer. Chem. Soc., 1935, 57, 
22) measured the rates of change of pressure when propylamine was heated between 500° 
and 540°. They say that “ no satisfactory explanation of the course of the reaction can be 
offered,’’ but the process had some of the characteristics of a chain reaction, particularly 
with regard to the packing of the reaction tube, which retarded the reaction, and the presence 
of inert gases, which accelerated it. Jolley’s experiments on methylamine (J., 1934, 
1957) appeared to show that the decomposition process took place in two stages, represented 
by the equation 

CH,-NH, = 2H, + HCN : ‘ ; . -, 
CH,’NH, + H, = CH, + NH, ‘ : . . (8) 


This investigation was followed up by Emeléus and Jolley (J., 1935, 929), who measured 
the rate of change of pressure in their apparatus, and analysed the end products. They 
experienced great difficulty in obtaining reproducible results, but suggested that there were 
actually two processes as above, the first being unimolecular and largely homogeneous, 
and the second heterogeneous. Both were initiated by the dissociation of the amine 
into free radicals. 


Experiments with Methylamine.—Three separate investigations on methylamine were 
carried out. In the first two it was assumed that, since the facts discovered by Jolley and 
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represented by equation (7) and (8) are correct for experiments in which a substantial proportion 
of the amine is decomposed, the course of the process could be followed by measuring the rates 
of formation of hydrogen and methane. The rate of process (7) is thus given by the quantities 
3(H, + CH,] for different time intervals, and that of process (8) by the quantities [CH,]. It 
was found that the apparent rate of process (7) was always a little faster than that of process 
(8), but the two rates were generally so closely identical as to suggest some closer relationship 
than that indicated by Emeléus and Jolley. However, as we experienced great difficulty in 
obtaining reproducible results, a second investigation was undertaken to ascertain the cause of 
the difficulty, and to see whether it could be attributed to impurities in the amine. Finally, a 
few experiments were carried out on the changes taking place during the early stages of the 
decomposition process. 

It must be pointed out that although the secondary and the tertiary amine decompose easily, 
and at about the same rate, at temperatures below 440°, the decomposition of the primary 
amine becomes just apparent at 440° and only reaches the rate corresponding to that of the 
two higher amines at about 540°. Also, surface effects, probably involving catalysis, seem to 
control the main changes in the case of the primary amine, but they are hardly material in 
those of di- and tri-methylamine. 

A series of experiments from the second investigation will first be described. In these, 
two silica reaction tubes were used. Tube A, had a capacity of 58-7 c.c., but it was broken 
after the first set of experiments, and, after resealing, it became A, with a capacity of 41-5 c.c. 
Tube B had a capacity of 58-0 c.c. Different fractions from a large quantity of the amine were 
used. The results are set down in Table VIII. 


TABLE VIII. 


Thermal decomposition of methylamine in different reaction tubes at 530° and initial 
concentration 2000. 
Tube, etc. Hy. CH, 4[(CH,+H,]. t. Tube, etc. H,. CH, 3$(CH,+H,]. 

57 17 37 8 525 535 530 

81 25 53 562 584 573 
160 80 120 427 233 330 
207 149 178 525 309 417 
179 69 124 . 581 621 601 
179 69 124 ( 582 681 631 
242 182 212 . 634 686 660 
369 243 306 646 686 675 
330 300 315 538 337 480 
298 140 219 646 350 498 
239 197 218 688 748 718 
471 381 426 120-5 732 732 732 
389 395 392 233 785 419 602 
514 508 611 253 947 567 757 


(1) Tube A,. Gas fraction I. (3) Tube B. Gas fraction VI. 
(2) Tube A,. Gas fraction VI. (4) Tube B. Gas fraction VI. 


An interesting fact is that, although the results obtained with tube A were sensibly identical 
before and after a repair involving melting and resealing the silica glass, yet those with tube B 
were quite different, and also this tube seemed to undergo some change in the course of the second 
set of experiments, the results obtained after the first experiment in the second series differing 
from those obtained in the first series. This was, unfortunately, a common experience. 

The results show that the quantities represented by CH, and ${[CH, + H,] for intervals 
0 to ¢ minutes seem to approach equality after a short time, and this may give the 
impression that, if these quantities represent the methylamine transformed according to 
equations (7) and (8), the processes which these equations represent are proceeding at the same 
rate. Alternatively, if we examine the rates of formation of hydrogen and of methane independ- 
ently, it is clear that the former is rapid at first, and then tends to fall off, being approximately 
unimolecular in form, whereas the latter is slow at first and then shows acceleration over a 
considerable period, after which it slows down rather suddenly. This, again, might be taken as 
indicating that the reactions represented by equations (7) and (8) are consecutive processes, the 
reduction of methylamine by hydrogen increasing in rate with the hydrogen concentration, and 
later diminishing with the concentration of the methylamine. We return to this point on 
p. 504. 
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For the moment, it suffices to point out that both sets of graphs shown in Fig. 2 show 
similarity, which is also shown by the results of a set of experiments, taken from the first 
investigation, in which the rates of formation of hydrogen and methane were measured at 550° 
and at initial concentrations, viz., 500, 1000, 2000, and 3000 g.-mols./l. x 105. The rates of 
formation of methane and of hydrogen are plotted in Fig. 3, Aand B. No graph is drawn 
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through the points belonging to the series at the highest concentration, as they are insuffici- 
ently numerous for the shorter time intervals. However, the results show the common 
TABLE IX. 


Thermal decomposition of methylamine: Influence of hydrogen at 550° and initial 
concentration 2000. 
Without hydrogen. Initial hydrogen = 1900. 








H,. CH,. 4(CH, + H,]. Hy. CH,. 4(CH, + H,]. 
150 60 105 190 60 125 
210 70 140 — — — 
330 110 220 300 110 210 
390 180 285 310 210 260 
770 220 345 — — — 
540 260 400 390 220 305 
570 300 435 — — _— 
520 520 440 290 365 
440 510 — — —_ 
720 530 640 —_ —_ —_ 
720 560 640 ~-- — —_ 
700 540 620 550 350 450 
600 660 —_ 


in ao 695 





504 Carter, Bosanquet, Silcocks, Travers, and Wilshire : 


characteristics for the rates of formation of hydrogen and methane, which have already been 


referred to. 
It was difficult to obtain reproducible results at any single temperature, but change of 
temperature of experiment was always followed by erratic behaviour of a reaction tube. Also, 
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on returning to the original temperature, the results first obtained were generally not reproduced. 
We can, therefore, only give an estimate of the value of E, based upon the results of a large 
number of observations. It is not large, being probably about 45 kg.-cals.—it is certainly 
very much lower than the values obtained in the case of tri- and di-methylamine. 
Experiments were carried out at 550° (Table IX) to determine the effect of hydrogen on 
the decomposition process, a mixture of approximately equal volumes of hydrogen and the 
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amine being used. The results are somewhat irregular, but are sufficiently numerous to show 
quite clearly that the effect on the rate of formation of methane is almost negligible and the 
rate of formation of hydrogen is slightly reduced. If the methane were a product of the re- 
duction of the amine by hydrogen, one would expect the effect on the rate of production to 
be considerable. 

The effect of packing a reaction tube was also the subject of experiments at 550°. The 
results are plotted in Fig. 4. The effect is to lower the rate of formation of hydrogen; and 
though the results are not as regular as might be desired, the conclusion is obvious. The rate 
of formation of methane is practically unchanged for the shorter intervals, but the position of 
the break point is slightly different in the packed and in the empty tube. 

The experiments carried to this point suggest that methane is not a product of the reaction 
of hydrogen with methylamine, but is a decomposition product of a compound formed simul- 
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taneously with hydrogen. To test this hypothesis the third investigation was undertaken, anda 
few experiments to which reference has been made elsewhere (Tvans. Faraday Soc., 1937, 88, 1) 
were carried out at 520° and at an initial concentration of 2650 g.-mols./l. x 105. They 
showed that, although hydrogen and methane appear in the products of decomposition for the 
shortest time intervals, hydrogen cyanide does not, being formed at a much slower rate than 
the methane. It was also found that when methylamine was heated for a short time, after 
removal from the reaction tube of the contents volatile at and below — 80°, a non-volatile 
residue remained, which yielded methane, hydrogen cyanide and ammonia when reheated to 
520°. The experiments were difficult, and it has not been possible to carry them beyond the 
preliminary stage. 


Discussion on the Experiments with Methylamine, and General Conclusions.—The 
experimental results show that the thermal decomposition of methylamine is initiated by a 
surface reaction, the gaseous product of which is hydrogen. It probably takes place 
in three stages, which may possibly be represented by the equations 


2CH,-NH,’ = H, + Product 1 ‘ ‘ ‘ — 
Productl =CH, + Product 2 i . . - (10) 
Product2 =HCN + ? a : x . (11) 


Ammonia is certainly a product of some stage. The evidence that the process is initiated 
by free radicals, or, indeed, that they play any part in it is slight, and consists in the 
fact that packing a reaction tube slightly reduces the rate of formation of hydrogen. The 
effect of addition of hydrogen is analogous to that observed in the experiments of 
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Hinshelwood and Burk (J., 1925, 127, 1105, 2896), and may be due to the reduction of 
the active surface of the silica. If free radicals are formed it is probably by a process 


represented by 
CH,"NH, = CH,’NH: + H> : ; ; . (12) 


and not by the formation of free methyl and amino-radicals 
CH,’NH, = CH,° + NH," ‘ ‘ . . (13) 


Though the former may account for the formation of hydrogen as a primary process, 
the apparent low value of E does not support the idea. The results summarised above 
suggest that, by a primary step in the reaction taking place at the surface, the compound 
CH,:NH is formed, and that at a later stage, a bimolecular reaction, possibly involving 
CH,:-NH and CH,*NHg, operates. 

The great difficulty in following the changes is due to the fact that the primary step 
is strongly influenced by surface, which makes it difficult to obtain reproducible results. 

One interesting outcome of this investigation is the discovery of the very marked 
difference in the behaviour of the primary amine, which is possibly related to that of 
ammonia on the one hand, and of the secondary and the tertiary amine on the other, which 
seems to suggest that the C-N bond energy has a much lower value for two or three C-N 
bonds than for one only. There seems to be very little doubt that the decomposition of 
the secondary and the tertiary amine is initiated by the formation of free methyl radicals, 
and th:,t the process is carried on by a chain mechanism. A simple mechanism has been 
suggested to account for the decomposition of the tertiary amine, but in the case of the 
secondary amine, which is certainly more complex, for methylamine is a product of 
decomposition, as well as methane and methylmethyleneimine, no explanation can be 


offered. 


UNIVERSITY OF BRISTOL. [Received, January 11th, 1939.] 





114. A Constant Sulphite Solution. 
By ANDREW HENDERSON and WALTER P. McCuLLocH. 


This paper sets out a method for the preparation, storage, and manipulation of a 
sulphite solution which will remain of constant value for an indefinite period of time. 


Macautay (J., 1922, 121, 552) kept a sulphite solution constant by maintaining an atmosphere 
of carbon dioxide in the store-bottle, but for long storage traces of certain gases should be 
removed from the carbon dioxide. This may be done by generating the gas from marble and 
dilute hydrochloric acid and passing it through a series of scrubbers containing (1) arsenious 
oxide in sodium hydrogen carbonate solution, (2) cuprous chloride in hydrochloric acid solution 
upon copper gauze, (3) sodium hyposulphite in potassium hydrogen carbonate solution upon 
iron gauze, and (4) a mixture of crystals of ferrous sulphate and of sodium carbonate deca- 
hydrate which, of course, soon becomes lumps of sodium hydrogen carbonate. 

A store-bottle containing dilute hydrochloric acid which has been boiled free from air and 
saturated with carbon dioxide feeds this main generator and also a smaller similar one (also 
fitted with scrubbers), which acts as an auxiliary and maintains an atmosphere of purified carbon 
dioxide, not only in the main generator, but also in itself and in the store-bottles for dilute 
hydrochloric acid, cuprous chloride and sodium hyposulphite solutions, and the jacket surround- 
ing the nozzle of the pipette used to measure out the sulphite solution. The store-bottles for 
the cuprous chloride and the sodium hyposulphite solutions are kept connected to their respective 
scrubbers by glass tubes with taps so that they may be flooded periodically. 

The sulphite store-bottle, a 6-1. Pyrex flask, is filled with distilled water, which is then 
boiled and cooled in an atmosphere of carbon dioxide. The flask is now fitted to the main 
carbon dioxide generator, and its contents stirred for some days in a slow stream of the gas. 
The desired quantity of sodium sulphite is then added, and after a day or so stirring is resumed 
until titrations show constancy. 

Experiments with constant sulphite solution are usually arranged so that the contents of an 
automatic pipette, which is part of the apparatus and works with an atmosphere of purified 















carbon dioxide, are used for each experiment. Vessels filled with carbon dioxide gas are used 


to receive the contents of the pipette. 
The following figures illustrate the constancy of the sulphite solution : 


Na,S,0; 
Iodine Sulphite Na,S,0, equivalent to Available 
Date, 1937. Temp. soln., g. soln., g. soln., ml. sulphite, ml. SO,, g. 
Bug. GO  sessssccssscces 18-22° 51-065 50-232 11-31 37-25 0-12016 
ak De cccicccsccsscce 18-25 51-060 50-238 11-39 37°17 0-11990 
Sept. 3 ccccoscccccsees 16-00 51-080 50-256 11-40 37:16 0-11987 
sis Th ttaccnccponsees 16-00 51-100 50-256 11-45 37°11 0-119705 
de WEEE pesenaacincesses 16-00 51-0875 50-280 11-40 37°16 0-11987 
BM OD Sicccsticssccsi 18-30 51-085 — 48-51) 4 
gah ARR 18-30 51-080 — 48-55 | 41 
| Gr eanrereres 15-50 51-075 — 48-60 [ S$ 
Pi | aepreers coer sere 15-50 51-090 _— 48-55) § 


To ensure a regular delivery from the automatic pipette under approximately atmospheric 
pressure finally, the arrangement shown in the figure is used. 
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Filling the automatic pipztte P. This pipette is filled by closing the stopcock a and opening 
the three-way stopcock b so that the liquid syphons into the pipette P and floods it above the 
zero mark; 6 is then closed. 

Emptying the pipette P under approximately atmospheric pressure. The stopcock a is opened 
so that the gas, still controlled by screwcock c, bubbles slowly from the pipette » (100 ml.). 
The water in the cylinder is then adjusted to a fixed mark M, and aisclosed. When the pinch- 
cock d is opened, the overflow in P runs off and the water in the cylinder rises in until the zero 
of p is passed, whereupon dis closed. The liquid in # is then brought down to its zero mark m 
by opening a cautiously and finally closing it. Any overshooting of the zero m may be 
readjusted ‘by means of the pinchcock d; p is now disconnected from its hook and lowered into 
the cylinder (position 2). The carbon dioxide jacket J is then removed from the nozzle of P, 
stoppered, laid aside, and replaced by a vessel containing carbon dioxide. The contents of P 
are run into the vessel, and then J is replaced. The vessel, now containing constant sulphite 
solution, is weighed if necessary, and the sulphite used as required. The pipette p is then lifted 
on to its hook (position 1) and the head of liquid in it is available as an aid to the easy 
refilling of P. 


The authors desire to record their thanks to Emeritus Professor G. G. Henderson, F.R.S., 
for his keen interest and advice. 
THE UNIVERSITY, GLASGOW. [Received, November 18th, 1938.] 
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115. The Kinetics of the Alkaline Hydrolysis of Some y-Lactones. 


By D. S. HEGAN and J. H. WoLFENDEN. 


The rate of hydrolysis by aqueous sodium hydroxide of valerolactone, phthalide, 
and 5-aminophthalide has been determined at three temperatures by conductivity 
measurements, and that of butyrolactone at two temperatures. For valerolactone and 
phthalide, similar measurements have been carried out in ethanol—water mixtures. 
When 1/4/E (or E) is plotted against log PZ, it is found that the data for all the 
reactions fall on a single straight line. A source of error in earlier measurements of the 
hydrolysis of phthalide and its derivatives is indicated. 


THE alkaline hydrolysis of y-lactones is difficult to measure by titration methods on account 
of its speed and sensitiveness to carbon dioxide, but it can be conveniently followed at 
high dilutions by conductivity measurements (cf. Caldin and Wolfenden, J., 1936, 1239) ; 
the results obtained offer a convenient field for the analysis of the kinetics in terms of the 
E and PZ factors studied by Hinshelwood and his collaborators. Measurements have 
accordingly been made of the bimolecular reaction of sodium hydroxide with phthalide 
and valerolactone in water and ethanol—-water mixtures; the alkaline hydrolysis of butyro- 
lactone and 5-aminophthalide has also been measured in aqueous solution only. Except 
for butyrolactone, which is hydrolysed too rapidly at 25° for accurate measurement, the 
rates have been determined at 25°, 15°, and 0°. 


EXPERIMENTAL. 


Materials.—Absolute alcohol was dried over freshly ignited lime and distilled. The alkali 
solution was made by dissolving pure sodium hydroxide in distilled water free from carbon 
dioxide; to remove any traces of carbonate, an amount of barium hydroxide equivalent to 
1% of the sodium hydroxide was finally added. Butyrolactone was prepared by the method of 
Marvel and Birkhimer (J. Amer. Chem. Soc., 1929, 51, 260), and valerolactone by that of Taylor 
and Close (ibid., 1917, 39, 422); phthalide was obtained by recrystallising a commercial specimen 
(m. p. unchanged), and 5-aminophthalide by reduction of 5-nitrophthalide in alcoholic solution 
with ammonium sulphide (Teppema, Rec. Trav. chim., 1923, 42, 30). 

Method.—The weighed reactants were rapidly mixed without access to the atmosphere, and 
blown into the conductivity cell by a stream of air free from carbon dioxide; conductivity 
measurements could be begun about 5 minutes after the mixing of the reactants. The concentr- 
ation of reactants ranged from 5 to 10 x 10° N; the conductivity cell had a capacity of ca. 
20 c.c. and a cell constant of 0-455. It is necessary to deduce the velocity constant without 
knowledge of the time at which reaction effectively begins. For our present purposes the follow- 
ing expression is readily deduced for a bimolecular reaction between solutions of equivalent 
concentration 

p — (Ra — Ry)(Reo — Ry) Re 
a(Re — R,)(Ro — Ry) (tg — 4) Ro 


where k is the velocity constant, Ry, R,, Ry, and Re are the resistances of the reacting mixture 
at times ¢ = 0, ¢,, ¢,, and infinity, respectively, and a is the initial concentration of the reactants. 
R, was determined by independent measurements of the equivalent conductivity of sodium 
hydroxide when dissolved in the various solvents used over the concentration range used in the 
kinetic experiments.. Conductivity measurements were continued until at least three-quarters 
of the lactone had been hydrolysed. R,. was measured after the cell had been warmed, with 
precautions to prevent distillation, to accelerate completion of reaction. The absorption of 
carbon dioxide by the reaction mixture (although causing a deficiency in hydroxyl ion) affects 
the readings so as to produce a velocity constant increasing steadily as the reaction proceeds, as 
well as an abnormal value for R..; it was therefore possible, by internal evidence as well as 
by blank experiments, to test the effectiveness with which carbon dioxide had been excluded. 

Results.—The velocity constants, k (in 1. g.-mol.-' min.-*), are recorded in Table I for four 
lactones under the headings of solvent composition and temperature. Every constant is the 
mean derived from at least three independent experiments. 
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TABLE I. 


k. k. 
Solvent. T=0°. T=15. T = 26°. Solvent. T=0°% T=_I15° T = 25°. 
Valerolactone. Phthalide. 
4-94 14-4 28-0 H,O 2-35 7-78 16-4 
3-79 10-9 20-5 21-56% EtOH 1-24 4:44 9-41 
1-80 6-10 12-4 40% EtOH ... 0-532 2-27 5-30 
0-88 3-64 8-30 60% EtOH ... 0-260 1-27 3-10 
Butyrolactone. 5-Aminophthalide. 
34-9 _— 4-90 10-6 


After conversion of the velocity constants into terms of seconds, instead of minutes, values of 
the heat of activation E and of log,, PZ have been calculated; these are given in Table II. 


TABLE II. 


Lactone. Solvent. E.  1log,, PZ. Lactone. Solvent. E. ogy) PZ. 
Valerolactone H,O 11,200 7-89 Phthalide H,O 12,600 8-68 
21-5% EtOH 10,800 7-46 be 21-5% EtOH 13,200 8-89 
40% EtOH 12,600 8-57 a 40% EtOH 14,900 9-89 
- 60% EtOH 14,500 9-78 ‘a 60% EtOH 16,100 10-54 
Butyrolactone H,O 11,300* 8-34* 5-Aminophthalide H,O 13,300 9-01 

* The values for butyrolactone are necessarily less accurate than the rest. The heat of activation 
is much higher than that obtained by Caldin and Wolfenden. This is due to a regrettable miscalculation 
of their velocity constants at 25°; the recalculated value is approximately 70 (in minute units), in 
very fair agreement with the data given above. 
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The figure shows the relationship between 10*/4/E and log,, PZ for our results; for purposes 
of comparison, similar data of Fairclough and Hinshelwood (J., 1937, 538) for the alkaline 
hydrolysis of methyl acetate and ethyl benzoate in various mixed solvents are shown on the 
same scale of co-ordinates. 


DISCUSSION. 


The figure shows that the linear variation of 1/4/E with log PZ is maintained not 
only with variation of medium but also with change of lactone. Such uniformity of 
behaviour is exceptional among the kinetic data that have so far been analysed in this way. 
It is also interesting to note that the two ester hydrolyses studied by Fairclough and 
Hinshelwood have 1/4/E — log PZ lines of very nearly the same slope. It must be borne 
in mind that, as those authors have emphasised, a number of alternative functions of E 
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(including its first power) will also vary linearly with log PZ within the limits of 
experimental error. 

A point of interest arises in connexion with the work of Tasman (Rec. Trav. chim., 1927, 
46, 653), who made an extensive study of the alkaline hydrolysis (at a single temperature) 
of phthalide and a number of its derivatives. His velocity constants fell with the progress 
of the reaction, and he attributed this to the incompleteness of the conversion of lactone 
into hydroxy-acid anion, equilibrium being set up. As our own velocity constants showed 
no such drift, we examined the reversibility of the reaction by observing the change in 
conductivity of a freshly prepared n/100-solution of the sodium salt of «-hydroxy-o-toluic 
acid; its conductivity showed no change after 48 hours at 25°, and therefore it appears that 
the conversion of phthalide into the sodium salt is essentially irreversible. A more 
plausible explanation of the drift in Tasman’s constants is to be found in the method by 
which he followed the course of reaction; he titrated the unused alkali with acid, using 
methyl-red as an indicator. In these circumstances, as soon as an appreciable quantity 
of lactone had been hydrolysed he was titrating a solution buffered over the range of the 
indicator; his titrations would over-estimate the amount of unused alkali and lead to 
abnormally low values of the velocity constant, which would decrease as the reaction 
proceeded. With a knowledge of the dissociation constants of the hydroxy-acids and the 
py at which methyl-red changes colour, it would be possible to recalculate his results. 
We have done this roughly for phthalide itself (at 25°), using the dissociation constant 
given by Collan (Z. physikal. Chem., 1892, 10, 130) for «-hydroxy-o-toluic acid. The result 
is to change a velocity constant trending fairly steadily from 13-0 to 11-0 into a series of 
values fluctuating without any indication of systematic trend between 15-6 and 18-4. 


PuysiIcaL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, January 19th, 1939.] 





116. Calycanthine. 
By (the late) G. BARGER, JUAN MADINAVEITIA, and PAUL STREULI. 


This alkaloid has the formula C,,H,,N,, not C,,H,,N, as previously supposed. 
By a variety of reactions it yields a stable substance, calycanine, CygH,)N,. Nitric 
acid converts calycanthine into two substances, probably tetranitrocalycanine-mono- 
and -di-carboxylic acid. When the alkaloid is heated with soda-lime at 305°, nearly half 
its weight of N-methyltryptamine is obtained; benzoylcalycanthine gives instead a 
little 2-phenylindole. When heated with calcium oxide, calycanthine yields a fluores- 
cent base, C,,H,)N,, probably a methyl-4-carboline. 


THE formula C,,H,,N, assigned to the alkaloid by Gordin (J. Amer. Chem. Soc., 1905, 27, 
144, 1418; 1909, 31, 1305; 1911, 33, 1626) was doubled by Spath and Stroh (Ber., 1925, 
58, 2131). The double formula, which had already been conceived in 1919 by one of us 
from molecular-weight determinations, was moreover indicated in Gordin’s last paper by a 
peculiar methiodide, to which he assigned the formula C,,H,,ON,I,H,O. Hence, although 
calycanthine gives Hopkins and Cole’s reaction for tryptophan, it is not a simple methyl- 
tryptamine, as the single formula would suggest. That it is nevertheless derived from this 
amine was shown by Manske (Canadian J. Res., 1931, 4, 275), who obtained benzoyl-N- 
methyltryptamine by oxidising benzoylcalycanthine with permanganate. Manske (/. 
Amer. Chem. Soc., 1929, 51, 1836) further discovered calycanthine in the seeds of Meratia 
praecox, a Composite; the occurrence of the same alkaloid in two unrelated natural orders 
(Calycanthacee and Composite) may perhaps suggest a simple biogenesis. Thus harman 
and its derivatives are found in various orders, but the complicated process which for in- 
stance leads to the formation of strychnine from tryptophan seems only to have been 
evolved on one particular twig of the genealogical tree. 

The micro-analysis of calycanthine presents great difficulty in so far as the carbon 
content was always found about 2% low. Since there is no oxygen, however, the carbon 
content can be deduced by difference and we are confident that the formula is C,,H,,N, 
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(that of Spath and Stroh, with two more hydrogen atoms, was obtained by doubling 
Gordin’s formula, without further carbon and hydrogen determinations). Gordin found 
1 (0-88) methylimino-group for C,,H,,N, and we find 1-0 and 1-05 for the doubled formula ; 
this group belongs to the N-methyltryptamine moiety. Spath and Stroh found 1-57 
equivalents of active hydrogen; Dr. H. Roth found for us 2-0 and 2-1 in pyridine at 22°, 
but 3-7 and 3-9 at 95°. This effect of temperature we have encountered in another indole 
alkaloid, aspidospermine, which gives 0 and 1 equivalent at 22° and 95° respectively. 
We are unable to explain the four hydrogen atoms in calycanthine apparently mobilised 
at 95°, but the two mobilised at room temperature agree with the nitrosoamine of Gordin 
and the dibenzoyl derivative obtained by Manske. One of these two active. hydrogen 
atoms is in the N-methyltryptamine portion of the molecule; the position of the other 
remains doubtful. We find no C-methyl groups. 

Numerous oxidation experiments gave little information about the constitution. We 
therefore had recourse to rather unorthodox methods involving a high temperature; on 
heating to 305° with soda-lime, we obtained 45% of the calycanthine as N-methyltryp- 
tamine, C,,H,,N,, and with calcium oxide a much smaller yield of a base, C,,H,)N., which 
appears to be a methyl-4-carboline, isomeric with harman. It seems unlikely that this base 
arises from methyltryptamine by a secondary reaction, and we are inclined to think that 
it represents the second moiety of the molecule and that its twelfth carbon atom alone is 
derived from the tryptamine portion, which, under optimal conditions, is set free as such 
in a yield of 90% of the theoretical by soda-lime, but only in much smaller yield by calcium 
oxide. The main effect of the latter reagent is to bring about various fissions, in one 
of which one carbon atom of the tryptamine moiety remains attached to the carboline 
moiety of the molecule. Most indole alkaloids are derived from a single tryptamine 
residue, and contain two nitrogen atoms. In evodiamine and rutaecarpine, with three 
nitrogen atoms, we may assume two tryptamine residues, of which the second is broken 
down to formylanthranilic acid, supplying the third nitrogen atom. Calycanthine with 
four nitrogen atoms would seem to be derived from two molecules of tryptamine, without 
loss of nitrogen; both tryptamine units have acquired an additional carbon atom (from 
formaldehyde), leading, without ring closure, to N-methyltryptamine, and, with ring 
closure, to a 4-carboline. If this hypothesis is correct, the main problem is to determine 
how the two moieties are united. C,,H,,N, + C,;,H,gN, would make C,,H,.N, and for 
each bond between the two halves there would be two hydrogen atoms less. Since caly- 
canthine contains twenty-six hydrogen atoms, there must be hydrogenation of one or more 
rings. 

A number of degradation products of calycanthine are evidently derived from parts of 
both moieties. Chief of these is a feeble base, C,,H,)N., formed in small yield by a variety of 
reagents (see p. 515) and having altogether extraordinary stability : we suggest for it the 
name calycanine. It also results, still more significantly, by treatment of calycanthine 
by chromic acid in boiling acetic acid solution. Boiling concentrated nitric acid oxidises 
the alkaloid to an acid, C,zHgO,)N,, apparently tetranitrocalycaninecarboxylic acid, and 
dilute nitric acid at 150° similarly to an acid, C,,H,O,,N,, presumably the corresponding 
dicarboxylicacid. Theconversion of these acids into calycanine has so far proved impossible. 
Calycanine would appear to be built up of the indole nuclei of both moieties of the alkaloid. 
The methylamino-group from the tryptamine side chain cannot enter into its constitution, 
and it is difficult to involve the pyridine ring of the carboline. Calycanine contains one 
active hydrogen atom and hence one imino-group. The other nitrogen is probably 
attached to three different carbon atoms, as already suggested by Manske. Two indole 
molecules would have a total of fourteen hydrogen atoms; calycanine has ten, so the two 
molecules would be joined by two bonds constituting an additional ring; these two bonds 
should involve the nitrogen of one half, but not of the other. In this way we arrive at (I) 
for calycanine, and the last-named oxidation product of calycanthine with nitric acid can 
readily be formulated as (II). There are of course many isomerides C,,H,)N, and we 
merely put forward (I) tentatively to facilitate discussion. It represents a di-indolylene, 
but also a quinoline derivative, which latter would be in accordance with its feebly basic 
nature; calycanine dissolves in dilute mineral acids and in moderately concentrated 
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acetic acid with a yellow colour, which disappears on neutralisation. The stability of 
calycanine may be illustrated by the experiment described on p. 514. 

Some additional support for (I) is supplied by the formation of quinoline and 2-phenyl- 
indole when benzoylcalycanthine is heated with soda-lime to 300° (calycanthine itself under 
these conditions forms N-methyltryptamine). It might be argued that the introduced 


4\— 7 — CO,H 
Cu 


| | 
WOON ) 4 WN . 
\) (\) 
HN 
\F A 
(I.) (II.) 


benzoyl group furnishes the quinoline, but since benzoyl-N-methyltryptamine survives 
heating with calcium oxide to 300°, it seems more likely that the benzoyl group is removed 
by soda-lime and the resulting benzoic acid is converted into benzene. It is likewise 
improbable that the introduced benzoyl group contributes to the formation of 2-phenyl- 
indole. Although (I) does not allow for the direct formation of the 2-derivative, this is 
known to be formed readily from 3-phenylindole, the formation of which, and of 1-phenyl- 
indole (also isomerised), is readily explicable by (I). In calycanine two indole nuclei are 
united by two bonds, and it might be questioned whether one of these (C-C) is not formed 
by a secondary dehydrogenation, and is absent from the alkaloid itself; we think such a 
joining of a benzene with a pyrrole ring at 120° in the presence of chromic acid unlikely. 
The great stability and volatility of calycanthine are entirely in accordance with a con- 
densed ring system, as in (I). In order to complete the carbon skeleton of calycanthine we 
must add to the tryptamine residue its side chain and to the carboline moiety its pyridine 
ring. The latter ring can only be added to that indole complex in (I) which has both its 
2- and its 3-position free, and thus we obtain (IV) as an expression for the carbon skeleton 
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of completely hydrogenated calycanthine, C,,H3,N,, in which six double bond will have to 
be introduced. Most of these will be in D and E; E in particular is probably aromatic, 
on account of the large yield of methyltryptamine. A, B, and C on the other hand seem 
more strongly hydrogenated. There are several reasons for believing that this is the case 
with ring C. In the first place, although on heating calycanthine with calcium oxide at 
300° a fluorescent base, C;.H, No, is produced, there was obtained at 260° a small quantity 
of a base, CypH,,N, (or C,,H,,N,), which does not fluoresce and seems to be a hydroharman 
derivative. In the second place, calycanthine gives with #-dimethylaminobenzaldehyde 
in the cold at most a pale yellow colour; on heating, a claret colour is developed, which 
again fades on cooling. This reversible colour change can be repeated indefinitely and is 
given by 2 : 3-dimethylindole, and by tetrahydroharmine (Perkin and Robinson, J., 1919, 
115, 939). It is also given by tetrahydroharman, N-methyltetrahydroharman, and by 
calycanthidine, a simple alkaloid, C,,H,,N,, which accompanies calycanthine (Barger, 
Jacob, and Madinaveitia, Rec. Trav. chim., 1938, 57, 548). Hence it would seem that 
calycanthine also contains a reduced pyridine ring. Ring A on the other hand is 
probably not hydrogenated, for calycanthine (like calycanthidine) couples with diazotised 
p-nitroaniline to form a deep red dye similar to that obtained by Perkin and Robinson 
with tetrahydroharmine. If there is an imino-group in ring C it would be the second 
basic group of the molecule, and the nitrogen in D must be tertiary, since there are only 
two active hydrogen atoms. This places four double bonds in D and E, and leaves only 
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two for A as shown in (V), which formula is merely given as an example of the difficulty 
of allocating the double bonds. Since the methylcarboline produced by quick-lime has 
an active hydrogen atom, it cannot be l-methyl-4-carboline, which moreover has a much 
lower melting point (Spath and Lederer, Ber., 1930, 63, 2110); nor is it identical with 
harman. If the carbon skeleton of (IV) is correct, the fission product might be 12-methy]l- 
4-carboline, with the methyl group derived from the quaternary carbon atom of D. This 
is being tested by synthesis. 

The quaternary 6-carbon atom of an indole nucleus in D is not without analogy in Nature, 
for it occurs in physostigmine, to which calycanthine shows some analogy. The trypta- 
mine side chain in (IV) and (V) is angular and is readily lost by pyrolysis, leading to (I). 
If, on the other hand, the bond between this quaternary atom and A is ruptured (along 
with that between B and E), N-methyltryptamine would be set free. This fission is brought 
about by soda-lime, but not by quick-lime, and is evidently a hydrolysis rather than a 
pyrolysis. We are however at a loss to understand why among the various degradation 
products of calycanthine there is not one from which only the side chain has been lost, so 
that all six rings A—F remain together. Ring C has so far only survived, when D, E, and 
F were destroyed. Manske considers that the side chain of the N-methyltryptamine does 
not occur as such in the anhydrous alkaloid, but is present as part of a carboline complex, 
one ring of which is opened by benzoylation. He assumes (as we do) that one nitrogen 
atom is a member of three rings, but suggests that the 3-carbon atom of the unstable 
carboline is joined to the rest of the molecules, whereas we have considered above that the 
second junction between the two halves of the molecule is made through the 12-carbon 
atom of a more stable carboline complex. If the same two nitrogen atoms are involved in 
the production both of N-methyltryptamine and of our fluorescent base C,,H,)No, then the 
ideas which have led us to suggest (IV) and (V) require considerable modification and half 
the molecule still remains unaccounted for. We are unable to disprove Manske’s assump- 
tion, but would point out that, if the methylamino-group of calycanthine is not free at the 
end of a side chain, it becomes so with extraordinary ease, for when the alkaloid is heated 
with methyl iodide, in the absence of any other solvent, one nitrogen atom is lost as a 
volatile amine. This also happens to some extent when N-methyltryptamine itself is 
heated with methyl iodide under similar conditions, as a model experiment has shown. 

The methylation of calycanthine is at present being investigated; it proceeds with 
considerable difficulty, as was pointed out by Spath and Stroh, and in an anomalous manner, 
as already described by Gordin. Using a variety of experimental conditions and reagents, 
we have not yet been able to isolate a normal dimethiodide such as the substance, m. p. 
261—262°, mentioned by Spath and Stroh, with an iodine content corresponding to 
CyoHogNoMe,,2MeI. A considerable portion of the alkaloid always escapes methylation 
and is converted into the dihydriodide and also the monohydriodide, Cy.HegNo,HI, m. p. 
260°. The only methylation products we have obtained contain N,l; one, obtained by 
heating calycanthine with methyl iodide alone, is naturally free from oxygen, (C,,H,,.N,lI ?), 
although its melting point corresponds to that of Gordin’s substance C,,Hj,ON,I, m. p. 
325°. When methyl] alcohol is present, there is formed in addition a substance C,,H,,ON,I, 
H,O, m. p. 240—242°, which, if it contains a methoxy-group at all, is very resistant to 
hydrolysis. Hence we are unable to trace an analogy to gramine (Madinaveitia, J., 1937, 
1927; cf. Jacob and Madinaveitia, ibid., p. 1929) or to carbolines (Perkin and Robinson, 
J., 1919, 115, 946; Barger, Jacob, and Madinaveitia, Rec. Trav. chim., 1938, 57, 549). 
The nitrogen atom is not lest in the form of ammonia, as Gordin supposed, but as a volatile 
amine; in other respects we confirm his description. This peculiar behaviour of calycan- 
thine may be connected with the mobilisation of four hydrogen atoms by pyridine and 
methylmagnesium iodide at 95° (see above). We have endeavoured to prove the existence 
of a tryptamine side chain by heating the alkaloid with acetaldehyde at py 5, in the hope of 
producing an additional ring and a second carboline group (cf. Akabori and Saito, Ber., 
1930, 63, 2245). The product of the reaction, an oily base, responded to this hope in so far 
as it did not give the Hopkins—Cole reaction, or that of Ehrlich, indicating that an a- 
position in a pyrrole ring had been substituted. The new base was analysed as its dipicrate ; 
only a few mg. were available, so its formula is doubtful, but it seems that condensation 
with acetaldehyde had taken place. 
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Numerous attempts, other than those already mentioned, to oxidise or dehydrogenate 
calycanthine have so far not yielded pure products; ¢.g., with ozone, mercuric and silver 
acetates, palladium and maleic anhydride or safrole, permanganate in neutral solution 
and in glacial acetic acid, manganese dioxide and sulphuric acid, mercuric sulphate and 
sulphuric acid, lead oxide in glacial acetic acid, Caro’s acid. The resistance of this oxygen- 
free alkaloid to some reagents is quite extraordinary ; ¢.g., it was recovered unchanged after 
the action of nascent oxygen from bleaching powder and cobalt nitrate in boiling solution ; 
it was hardly attacked by potassium hydroxide in boiling amy] alcohol, although the flask 
was devitrified ; it sublimed out of fused potassium hydroxide. Drastic methods of degra- 
dation, which we have largely employed so far, are open to criticism, yet similar ones led 
to the recognition of the carbon skeleton of another indole alkaloid, yohimbine (Mendlik 
and Wibaut, Rec. Trav. chim., 1931, 50, 91; Barger and Scholz, Helv. Chim. Acta, 1933, 
16, 1343). In spite of its small yield, Diels’s hydrocarbon was a key to the constitution of 
cholesterol. 


EXPERIMENTAL. 


The powdered achenes of C. floridus (45 kg.) were defatted with light petroleum and then 
percolated with alcohol. We are much indebted to Dr. J. J. Blackie of Messrs. Duncan, Flock- 
hart and Co., Edinburgh, for having done this for us. The alcoholic extract, reduced to 3 1., 
was mixed with 1 1. of water and 100 c.c. of hydrochloric acid, washed with ether, and basified 
with sodium hydroxide. The white precipitate became crystalline in a few minutes; it was 
boiled in acetone solution with 0-2 g. of charcoal and water was added to the filtrate until a 
turbidity appeared; on cooling, large crystals separated. After recrystallisation, and concen- 
tration of the combined acetone—water mother-liquors, the final crop was separated by repeated 
crystallisation from alcohol into the more soluble crude calycanthidine (Barger, Jacob, and 
Madinaveitia, loc. cit.) (yield, 0-03% of the seeds) and pure calycanthine (yield, 0-64%). The 
latter formed octahedra, m. p. 216°. After prolonged heating at 120° in a high vacuum over 
phosphoric oxide, or after recrystallisation from anhydrous benzene, the m. p. was raised to 242° 
(Gordin, 243—244°; Spath and Stroh, 245°). Gordin attributed the rise to the loss of 4 H,O 
(on the doubled formula, 1H,O); we have not observed a loss of weight corresponding to this. 

For analysis the base was crystallised several times from dry acetone and absolute alcohol, 
and dried as above to constant weight (Found: C, 75-0, 75-1, 74-5, 73-8, 74-0, 73-7, 74-9, 74-9, 
74-8, mean 74-5; H, 7-47, 7-65, 7-61, 7-68, 7-66, 7-53, 7-44, 7-55, 7-66, mean 7-58; N, 15-95, 
15-75, 16-04, 16-05, 16-22, 16-15, mean 16-03. Calc. for C,,H,,.N,: C, 76-26; H, 7-57; N, 
16-18%. Calc. for C,,H,,N,: C, 75-82; H, 8-10; N, 16-08%). The figures obtained by three 
expert micro-analysts agree as to H and N, but not as to C; the total for the three elements 
amounts to 98%. We therefore submitted the question to Dr. H. Roth of Heidelberg, who, in 
editing the 4th edition of Pregl’s book, had stated that no substance had proved insusceptible 
of micro-analysis. He very kindly did some additional combustions with special precautions, 
without, however, finding more C; he confirmed the first four (Dumas) nitrogen determinations 
by the micro-Kjeldahl method (Found: 16-22, 16-15). Weare greatly indebted to him for his 
help in this matter. If we calculate the carbon by difference, there is a close agreement with 
C,,.H,,N, and we think that C,,H,,N, may be excluded. 

Calycanine.—Finely powdered calycanthine (0-1 g.), mixed with zinc dust (3 g.), was heated 
between asbestos plugs in a Pyrex tube, 0-5 x 15cm. The distillate at both ends soon partly 
crystallised; the crystals were washed with a little acetone, and repeatedly sublimed in a 
vacuum (bath 180—200°). The product formed silky needles, m. p. 296—297°, from pyridine ; 
a specimen repeatedly sublimed at atmospheric pressure over soda-lime had m. p. 310° and was 
also analytically pure (Found: C, 83-3, 83-3; H, 4-35, 4-45; N, 12-4, 12-2. C,,H,,N, requires 
C, 83-5; H, 4-4; N, 12-2%. Active hydrogen found: 0-91 equiv. at 23°, 0-95 at 95°). The 
acetone washings of the sublimate yielded an oily residue, from which acid extracted unchanged 
calycanthine, identified after vacuum sublimation. The yield of calycanine was only 30—40 
mg. per g. of calycanthine used (not counting the alkaloid recovered from the mother-liquors). 

Calycanine sublimes without decomposition slightly below 300° at atmospheric pressure. 
It also sublimes unchanged over soda-lime, and is only very slightly attacked by prolonged 
heating with soda-lime at 350° (see below). A sample evaporated three times on the water-bath 
with fuming nitric acid was recovered without appreciable decomposition. The substance is a 
feeble base; it is not soluble in dilute acetic acid, and if dissolved in a more concentrated acid, 
can be extracted by ether. Since the salts are so readily hydrolysed, none could be isolated. 
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Calycanine is little soluble in ether and acetone, slightly more in methyl alcohol, more readily 
in pyridine. Its formation by zinc dust distillation seems to be more an effect of temperature 
than of the zinc. Thus, when 0-2 g. of calycanthine was heated in an open test-tube in a metal- 
bath, a liquid distillate began to condense at 250°, and at 280—300° a sublimate of calycanthine 
appeared. Extraction of the total distillate with a little ether left a small crystalline residue of 
calycanine; from the extract, at least one third of the calycanthine was recovered unchanged. 

Since calycanine thus results from pyrolysis, it is formed by heating calycanthine with a 
variety of agents: red lead oxide, copper oxide wire, selenium, sulphur. The yield was about 
5% of the theoretical and less in the case of selenium and sulphur. After heating with copper 
oxide for 3 hours at 320° some calycanthine was recovered unchanged. The best yield of 
calycanine (10%) was obtained with palladium-black (50 mg. of calycanthine, 100 mg. of palla- 
dium, 12 hours at 200—220°) : a sublimate of calycanine formed and no calycanthine or other 
substance could be isolated by extraction of the palladium. Calycanine was obtained at a still 
lower temperature by the dehydrogenation of calycanthine with chromic acid. To calycanthine 
(10 g.) in 100 c.c. of glacial acetic acid, a solution of chromic acid (10 g.) in 15 c.c. of water + 
50 c.c. of glacial acetic acid was slowly added; an initial precipitate of calycanthine chromate 
dissolved after a slight rise of temperature, which was kept below 25° by cooling. The solution 
was refluxed for 5 hours and chromic acid could then not be detected by hydrogen peroxide. 
The cooled solution was diluted with water and extracted ten times withether. The extract was 
washed with sodium carbonate solution, dried, and concentrated to a small bulk. The crystals 
that separated were twice recrystallised from methyl alcohol, sublimed in a high vacuum at 
200°, and crystallised from pyridine; m. p. 295—298° (Found: C, 83-2; H, 4:4; N, 11-8%). 
The chromic acid solution contained a nitrogenous acid. 

Oxidation of Calycanthine with Nitric Acid.—Concentrated nitric acid (100 c.c.) was added to 
0-2 g. of calycanthine, the first few drops slowly until the solid liquefied. The dark green solu- 
tion formed, after refluxing for 12 hours, became pale yellow and crystals separated. After 
evaporation at atmospheric pressure to a smal] volume, the solution was treated with 25 c.c. 
of fuming nitric acid and again refluxed for 12 hours. Oncooling, well-formed needles separated, 
which slowly decomposed at 330—340° without melting. The product (tetranitrocalycanine- 
monocarboxylic acid ?) could only be recrystallised from concentrated nitric acid or nitrobenzene 
owing to its sparing solubility in most solvents (Found: C, 44-0, 43-5; H, 1-5, 1-5; N, 18-8, 
19-3. Cy,H,O,.N, requires C, 44:9; H, 1:3; N, 185%. CygH,O,)N, requires C, 43-4; H, 
1:36; N, 190%). It was only very slightly soluble in cold aqueous sodium carbonate or 
hydroxide, but more soluble on heating, to a red solution. The very sparingly soluble sodium 
salt crystallised on cooling in long, red, hair-like needles, which contained approximately the 
amount of sodium required for a monocarboxylic acid; on heating with lime, carbon dioxide 
was evolved. 

A second oxidation product (tetranitrocalycaninedicarboxylic acid ?) was obtained by heating 
calycanthine with 30% nitric acid at 150° inasealedtube. It formed yellow crystals, practically 
insoluble in cold sodium carbonate solution, but slightly soluble with an orange colour on heating 
(Found: C, 43-8; H, 1-9; N, 17-0. C,gH,O,,N, requires C, 43:2; H, 16; N, 168%. 
C,,H,O,,N, requires C, 43-4; H, 1-2; N, 16-9%). 

Methylation of Calycanthine (Preliminary Experiments).—When calycanthine was refluxed 
with methyl iodide and methyl alcohol, a mixture of at least four substances was formed : 
(a) calycanthine dihydriodide, already described by Gordin; after drying in a high vacuum 
at 15°, it had the composition C,,H,,N,,2HI,H,O and melted at 218—219° after sintering at 
215°. On drying in a high vacuum at 100° it became anhydrous and then melted at 226—227°. 
(b) Calycanthine monohydriodide, m. p. 260° (Found: C, 55-6; H, 5-7; N, 11-9; I, 27-8. 
C,,H,,N,,HI requires C, 55-7; H, 5-7; N, 11-9; I, 268%). (c) An oxygenated quaternary 
salt, forming long needles, m. p. 240—-242°, from water. Heated at 150° in a current of dry 
air, it did not lose weight (Found: C, 53-8, 54-0, 53-3, 53-3; H, 5-6, 5-8, 5-4, 5-6; N, 8-5, 8-6; 
I, 25-9, 25-7. C,,H,,0,N,I requires C, 53-55; H, 5-7; N, 8-5; I, 25-8%). Heated in a high 
vacuum at 100°, this salt lost 4-2% (C,,H,,ON;I,H,O requires H,O, 3-7%). (d) An oxygen-free 
quaternary salt, m. p. 317—-318°, or 325° (corr.), more soluble in water than (c) (Found for the 
substance dried at 100°: C, 57-0; H, 5-2; N, 9-5. C,,H,,N,I requires C, 56-9; H, 5-0; N, 
95%. Found for the air-dried substance: N, 8-5, 8-5; I, 25-7. C,,H,.N;I,3H,O requires 
N, 8-5; I, 25-6%). The determination of methoxy-groups in (c) and (d) yielded only very small 
amounts of silver iodide (Found respectively 1-5 and 1-4%. 1MeO would require 6-3 and 6-2%). 
Since (d) when anhydrous is oxygen-free, it cannot contain a methoxy-group. In both cases a 
little N-methyl is probably liberated (from an indole nitrogen atom?). It is conceivable, that 
(c) and (d) in the anhydrous condition differ only by a molecule of methanol of crystallisation. 
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Action of Acetaldehyde.—Calycanthine (0-5 g.) was heated in dilute sulphuric acid (p, 5) in 
a sealed tube with excess of acetaldehyde for 2 hours at 130°. On basification and extraction 
with ether, an oily base was obtained, b. p. 220°/1 mm., which gave no colour reactions with the 
Ehrlich and the Hopkins—Cole reagent and yielded a crystalline dipicrate, m. p. 222° (Found : 
C, 51-9; H, 4-5; N, 15°8. C.gH,,N,,2C,H,O,N; requires C, 52-0; H, 4:1; N, 16-9%). 

Action of Soda-lime on Calycanthine.—The alkaloid (1 g.), mixed with finely powered soda- 
lime (15 g.), was heated in a sealed tube at 300—320° for 15 hours. There was always some 
pressure, and formation of methylamine. The product was extracted with ether, and the 
extract shaken successively with hydrochloric acid, sodium hydroxide solution, and water; 
on drying and evaporation, only a trace of a dark neutral resinremained. Nearly all the material 
had passed into the hydrochloric acid, and after this solution had been basified, ether extracted 
a resinous oil, which partly distilled at 220—230°/ 15mm. The distillate solidified at 0°; after 
recrystallisation from ligroin it had m. p. 86°, not depressed by authentic N-methyltryptamine. 
The identification was confirmed by colour reactions (Ehrlich; glyoxylic acid) and by analysis 
(Found: C, 76-3; H, 8-0; N, 16-0. Calc. for C,,H,,N,: C, 75-9; H, 8-0; N, 16-1%). The 
maximal yield was 0-22 g. from 0-5 g. of calycanthine or 88% of the theoretical from one moiety 
of the molecule; the other moiety had been converted into non-volatile bases and volatile 
substances which escaped identification. The high yield was only obtained after the optimal 
conditions had been found by numerous experiments. For example, calycanthine was not 
appreciably attacked below 280°, and a considerable portion remained unchanged after 15—20 
hours at 290°; at 330°, N-methyltryptamine was itself broken down to simpler indole derivatives 
which then readily polymerised. Apart from the temperature the composition of the soda-lime 
had a great influence on the yield; the different behaviour of various specimens led us to dry 
the reagent to constant weight on the water-bath in a vacuum over phosphoric oxide. 

Action of Soda-lime on Benzoylcalycanthine.—The crude substance, prepared from 1 g. of pure 
calycanthine by Manske’s method, was dissolved in chloroform. The solution was poured on 
15 g. of dry soda-lime in a tube, and evaporated so as to secure an intimate mixture. After 15 
hours at 305° a considerable pressure and the odours of quinoline and of indole were observed. 
The product was treated as described in the previous section. 

Neutral fraction. On distillation, two fractions were obtained, (a) b. p. 110°/15 mm., (b) b. p. 
240—250°/15 mm. The former was an odourless oil, which gave with p-dimethylaminobenz- 
aldehyde a coloration about three times as intense as that obtained with indole; the oil also 
gave the glyoxylic reaction. Itcrystallised in the ice-chest and melted at + 2°. On exposure 
to air it decomposed in a few hours and then smelt of indole (Found : C, 81-0; H, 7-4; N, 8-8; 
active H, 0-61. C,,H,,N requires C, 84-0; H, 7-0; N, 8-9; 1 active H, 0-63%). We are 
unable to account for the deficit of carbon, which is also shown by calycanthine itself (see above) ; 
the presence of one oxygen atom in the distilled and crystallised substance would require a 
molecular weight incompatible with the low boiling point. Fraction (b) was 2-phenyl- 
indole; it crystallised at once in the receiver and formed aggregates of needles (from ligroin), 
m. p. 186°. At 170° in a high vacuum the substance sublimed in large crystals (Found: C, 
86-9; H, 5-6; N, 7:2; active H, 0-45. Calc. for C,,H,,;N: C, 87-0; H, 5-7; N, 7-2; 1 active 
H, 0-56%). The substance gave a brilliant pink Ehrlich reaction, soon changing to pure blue; 
its m. p. was not depressed by authentic 2-phenylindole. The maximal yield was only 10 mg. 
from the benzoylation product of 1 g. of calycanthine. A change in the hydration of the soda- 
lime, or of 10° in the temperature of the reaction, or even in the diameter of the sealed tubes, 
prevented the formation of sufficient 2-phenylindole for isolation (which was sometimes made 
difficult by resinous degradation products). 

Basic fraction. This mainly distilled at 90—120°/15 mm. and consisted largely of quinoline ; 
a small, less volatile portion could not be purified. On redistillation a little was collected at 
90°/15 mm. and yielded a picrate with C and H content equal to that of quinoline picrate, but a 
somewhat depressed m. p. (194°). Since it seemed impossible to separate the basic fraction 
into its constituents by distillation, it was converted into picrates, which were fractionally 
crystallised from acetone. The least soluble crops (m. p. 200°; C, 50-6; H, 29%; m. p. 196°) 
could not be identified with either quinoline or isoquinoline picrate, of which they lowered the 
m. p.’s, but the main crop, of more soluble picrate, was found identical with that of quinoline ; 
m. p. 198° after crystallisation from alcohol (Found: C, 50-1; H, 3-0; N, 15-5. Calc. for 
C,H,N,C,H,O,N,: C, 50-3; H, 2-8; N, 156%). The yield of this crop was 50 mg. from 1 g. 
of calycanthine. The crude basic fraction may have contained a little of a rather less volatile 
base (homologue of quinoline ?). 

Actions of Calcium Oxide on Calycanthine.—The experimental conditions and optimal 
temperature (305°) were similar to those with soda-lime, but there was no pressure when the 
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tube was opened. The neutral fraction gave a distillate, b. p. 120—160°/15 mm., in a yield of 
10% of the calycanthine used. This distillate consisted of indolic substances, of which only 
indole itself could be obtained pure. The mixture was partially separated at 15 mm. into frac- 
tions (a), b. p. 130—140° (Found: C, 80-7; H, 7-4; N, 10-7. Calc. for C,H,N: C, 82-4; H, 
6-9; N, 10-6%. Found for the corresponding picrate, m. p. 158°: C, 49-0; H, 3-3; N, 15-2. 
Calc. for C,H,N,C,H,O,N,: C, 50-0; H, 3-3; N, 15-5%), and (b), b. p. 140—160° (Found : 
C, 80-5; H, 7-5; N, 9-9. Calc. for C,jH,,;N: C, 82-7; H, 7-6; N,9-7%). The carbon content 
is unaccountably low, as already referred to in other cases. (a) seems to be a methylindole, 
(b) a dimethyl- or an ethyl-indole. 

On distillation at 15 mm. the basic fraction yielded crystals, b. p. 240—250°, mixed with a 
vitreous substance, b. p. 240—-280°. From a solution of the distillate in acetone, the vitreous 
substance separated in long yellowish needles, m. p. 296°, and these, after repeated sublimation 
at atmospheric pressure over soda-lime, melted at 310° (Found: C, 83-3; H, 4:3. Calc. for 
CisHipN2: C, 83-5; H, 4:3%). This was the purest specimen of calycanine we have obtained. 
The acetone filtrate from this substance was evaporated, and the residual oil dissolved in ben- 
zene. On concentration a second base crystallised in well-formed needles, m. p. 176°, and 183° 
after sublimation in a high vacuum (the m. p. depends greatly on the rate of heating and may be 
found as high as 190°). Yield, 15 mg. per g. of calycanthine (Found: C, 79-2; H, 5-5; N, 14:7; 
active H, 0-29. C,,H,,N, requires C, 79-1; H, 5-5; N, 15-4; lactive H, 0-51%. The sample 
for the nitrogen determination had not been sublimed). The substance gave no coloration with 
p-dimethylaminobenzaldehyde or with glyoxylic acid; the pine wood test was inconclusive. 
The base was moderately soluble in water and showed an intense blue fluorescence in neutral or 
acid solution, indicating a methylcarboline related to harman. In some experiments this 
carboline was mixed not only with calycanine, but also with N-methyltryptamine, from which 
amine it could not be separated by the process outlined. The mixture of amine and carboline 
was in such cases dissolved in alcohol; addition of picric acid then caused the separation of the 
methylcarboline picrate in long needles, m. p. 252°, while the amine picrate remained in solution 
(Found: C, 52-8; H, 3-4; N, 17-1. C,,.H,)N,,C,H,O,N; requires C, 52-6; H, 3-2; N, 17-0%). 

When calycanthine was heated with quick-lime at 305° for 4 hours only, much less of the in- 
doles and very little carboline were formed, but 30 mg. of N-methyltryptamine and 60 mg. of 
calycanine per g. of alkaloid. It would seem that the indoles are formed from the N-methy]l- 
tryptamine by a secondary reaction. The shorter heating at 305° resulted also for the first 
time in an acid fraction (15 mg. of benzoic acid), which was probably decarboxylated in more 
prolonged experiments. Below 305° most of the alkaloid was recovered unchanged, along with 
only a little calycanine. At 260° a small quantity of a basic oil was obtained, b. p. 270°/15 mm. 
Its crystalline picrate melted at 194° (Found: C, 51-1; H, 4-8; N, 16-2. C,,H,,.N,,C,H,O,N,; 
requires C, 51-8; H, 4-6; N, 16-83%. C,,.H,,N,,CsH,O,N; requires C, 51-5; H, 5-0; N, 16-7%). 
This unsatisfactory analysis suggests the picrate of a hydrogenated methylcarboline, which is 
perhaps dehydrogenated to the carboline at a higher temperature. 

Action of Calcium Oxide on Benzoylcalycanthine.—When the benzoylated product from 1 g. 
of calycanthine was heated at 300° as above, the basic fraction obtained yielded 10 mg. of 
calycanine, and the neutral fraction an oil, b. p. 300°/1 mm., which crystallised from acetone— 
ether and then melted at 200°. It was identified as benzoyl-N-methyltryptamine. Unlike 
dry soda-lime, calcium oxide does not entirely remove the benzoyl group. 

Action of Soda-lime on Calycanine.—The base (120 mg.) was mixed with soda-lime (2-5 g.) 
and heated in a sealed tube at 350° for 15 hours. There was no pressure and only a faint odour 
of indole; 90 mg. had sublimed unchanged out of the soda-lime. The basic fraction extracted 
from the soda-lime also consisted entirely of unchanged calycanine ; the neutral fraction gave just 
enough of an indole to give the Ehrlich test; the acid fraction deposited from alcoholic solution 
a mixture of well-formed crystals, orange and yellow. It was separated mechanically under 
the microscope, 3 mg. of the orange acid being obtained, and even less of the yellow substance. 
The orange acid (III) melted at 355° (Found: C, 77-8; H, 4:0. C,,H,O,N requires C, 77-7; 
H, 3-6. C,.H,,O,N requires C, 77-1; H, 4-4%). There was not enough for a nitrogen deter- 
mination, but it seems evident that one of the original two nitrogen atoms has been lost. 
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117. Epimeric Alcohols of the cycloHexane Series. Part I. 
cis- and trans-Dihydrocryptol. 


By R. G. Cooke, D. T. C. GILLEsPrE, and A. KILLEN MACBETH. 







Dihydrocryptol is available in two forms, one prepared by reduction of cryptone 
with sodium and alcohol or by the Ponndorf method, and the other by electrolytic 
reduction of the ketone or its hydrogenation under pressure in the presence of a suitable 
catalyst. 

The pure alcohols become available through the hydrogen phthalates, as the ester of 
the cis-epimer (electrolytic, Raney nickel, etc.) forms a soluble magnesium salt by means 
of which the isomers are readily separated and assayed. 

The epimer obtained on pressure hydrogenation depends on the catalyst used. 
Raney nickel at 120° gives practically pure cis-dihydrocryptol, platinum oxide (Adams) 
gives approximately 90% of the trans-form, and copper—barium-—chromium oxide gives 
about 60% of the cis-epimer and 40% of the. tvans-form. 

The configurations of the alcohols are deduced by the application of the Auwers— 
Skita rule and consideration of the chemical differences of the two epimers. 





















FURTHER work on the dihydrocryptols (Gillespie, Macbeth, and Swanson, J., 1938, 1820) 
has been carried out with a view to their preparation in quantity and the determination of 
their configurations. 

It has long been known that one form of an epimeric pair has the higher density, refrac- 
tive index, etc., the differences in general being most marked when the substituted radical 
f and the hydroxyl group are attached to adjacent carbon atoms. Von Auwers (Annalen, 
1920, 420, 92) concluded that the higher values were associated with the cis-epimer, and the 
experimental support for this opinion adduced by Skita (tbid., 1922, 427, 255; 1923, 431, 1) 
led to the Auwers-Skita rule. Hiickel (tbid., 1937, 533, 1) has shown that the rule applies 
rigidly only to 1 : 2-derivatives of cyclohexanes and eyclopentanes, exceptions being found in 
other position isomers. Chemical differences in the epimers, however, are also observed, the 
cis-compound, for example, being produced by catalytic hydrogenation of monosubstituted 
cyclohexanones in acid solution, and the ¢vans-form by alkaline reduction with sodium and 
alcohol. Vavon and his co-workers (Bull. Soc. chim., 1931, 49, 937) showed that the cis- 
; alcohols were esterified with greater difficulty than the trans-forms, and the esters of the 
: latter were more readily hydrolysed. 

/ Experimental evidence along these lines enables the configurations of the two dihydro- 
cryptols to be established with some degree of certainty, as summarised below : 
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, Alkaline reduction (Na + EtOH). 

4 Hydrogenation (Adams's catalyst). 
Reduction (Ponndorf). 



















cis-Dihydrocryptol. tvans-Dihydrocryptol. 







Greater density : day 0-9212, & 0-9084 Lesser density : day 0-9156, F 4 0-9053 
Higher refractivity : np 1-4671 Lower refractivity : np" 1-4658 
Slower hydrolysis : Quicker hydrolysis : 
H phthalate, k°°°, 0-954 x 10-4 H phthalate, R55", 2-48 x 10-4 
acetate, k®5°, 0-762 x 10°% acetate, #5", 2-08 x 10° 
Hydrogen phthalate, m. P. 130° Hydrogen hthalate, sy p. 115° 
Phenylurethane, m. p. 89° Phenylurethane, m. p. 114-5° 
a-Naphthylurethane, m. p. 113° a-Naphthylurethane. m. p. 159-5° 


p-Nitrobenzoate, m. p. 75—75-5° 


p-Nitrobenzoate, m. p. 69-5° 
3 : 5-Dinitrobenzoate, m. p. 124-5°. 


3 : 5-Dinitrobenzoate, m. p. 112°. 
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The dihydrocryptols readily form hydrogen phthalates, and the less soluble cis-ester is 
readily obtained free from the ¢vans-compound by crystallisation from light petroleum. 
The best method of separation is by means of magnesium chloride: when a solution of 
this salt is added to a hot solution (about 2%) of the sodium salts of the phthalates, the 
magnesium salt of the ¢vans-ester is precipitated. 

The pure alcohols are obtained by steam distillation of the hydrogen phthalates in 
presence of alkali; a white solid formed during the hydrolysis of the cis-phthalate is a 
hydrate of the cis-alcohol containing 3-5 molecules of water and having a transition point 
at 34-2—34-4°. The readiness with which the cis-alcohol forms this hydrate distinguishes it 
immediately from its epimer. 

The assay of the amounts of the two hydrogen phthalates derived from samples of crude 
dihydrocryptol isolated as experimental products shows that the reduction of cryptone by 
sodium and alcohol gives a dihydrocryptol consisting essentially of the trans-form. The 
product of reduction of dihydrocryptone by Ponndorf’s method, or the similar treatment of 
cryptone, followed by saturation of the double bond, consists approximately of 95% of the 
trans-alcohol together with the balance of the cis-epimer. The best method for preparing 
the cts-alcohol is undoubtedly the hydrogenation of cryptone at 120° and a pressure of 100 
atms., with Raney nickel as the catalyst ; the double bond is rapidly reduced, the conversion 
into the alcohol is completed in a few hours, and the product is contaminated with traces 
only of the trans-isomer. The proportion of the latter is much increased when the hydrogen- 
ation is carried out at laboratory temperature. Hydrogenation with the Adams’s platinum 
oxide catalyst gives the ¢vans-alcohol as the main product, some 10% of the cis-form being 
present. A mixture of the alcohols containing approximately 60% of the cis-form is 
obtained by the hydrogenation of cryptone at 120° and 100 atms. with copper-barium- 
chromium oxide (J. Amer. Chem. Soc., 1932, 54, 1138) as the catalyst. 

The rates of hydrolysis of the pure hydrogen phthalates of cis- and trans-dihydrocryptol 
were measured at 55° to obtain further data on which to base configuration determinations. 
The reaction velocities are in agreement with the evidence of the other factors considered, as 
are also the reaction velocities for the saponification of the acetates of the two alcohols. 
All the available evidence is in favour of the configurations of the two alcohols in the sense 
stated above, and it therefore appears valid to use them as reference substances in the 
configuration determination of d- and /-cryptol (Macbeth and Winzor, this vol., p. 264) and 
other related compounds. 


EXPERIMENTAL. 


Hydrogenation Experiments.—The hydrogenation of cryptone or dihydrocryptone was 
carried out with various catalysts and at different temperatures, the initial pressure being usually 
100 atms. The proportions of cis- and trans-alcohols formed were assayed by separation of the 
magnesium salts of the hydrogen phthalates (see below). In all cases the ketone was reduced in 
neutral absolute-alcoholic solution. Typical experiments are described below. 

(a) Raney nickel. Cryptone (75 g.) in alcohol (50 c.c.) containing freshly prepared Raney 
nickel (10 g.) was placed in a glass reaction vessel and introduced into a bomb hydrogenation 
apparatus. The temperature was raised to 120°, the pressure of the hydrogen then being about 
100atms. After 10 minutes’ shaking, half the total absorption of hydrogen occurred, represent- 
ing the saturation of the double bond; hydrogenation was complete after 4—5 hours. The 
cooled product was filtered from the catalyst, poured into water, and extracted with ether, and 
the extract was treated with sodium bisulphite solution (35%) to remove any traces of unchanged 
ketone, washed, and dried. Removal of the solvent and distillation gave the dihydrocryptol 
fraction (50 g.) at 68°/0-6 mm. The product consisted essentially of the cis-alcohol together with 
some non-alcoholic material. In another experiment dihydrocryptone was the initial material, 
and under the above conditions the cis-alcohol was similarly isolated. 

(b) Platinum oxide (Adams) catalyst. Cryptone or dihydrocryptone (25 g.) in alcohol (80 c.c.) 
containing the catalyst (0-3 g.) was shaken in the bomb at the ordinary temperature for 4 hours, 
the initial pressure of the hydrogen being 70 atms. The product, worked up as in the preceding 
case, gave crude dihydrocryptol (20 g.), which was shown by the magnesium ester phthalate 
method to consist of approximately 90% of the ¢rans-alcohol, with the balance of the cis-epimer. 

(c) Copper—barium—chromium oxide catalyst. Hydrogenation of cryptone (50 g.) in alcohol 
(80 c.c.) containing the catalyst (6 g.) at 120° and 100 atms. was complete in 2 hours. The pro- 
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duct (40 g.), isolated in the usual way, was shown by examination of the phthalates to consist of 
approximately 60 and 40% of the cis- and the trans-alcohol respectively. 

Sodium Reduction of Dihydrocryptone.—The ketone (25 g.) in ethanol (500 c.c.) was 
heated under reflux while sodium (50 g.) was added during 3 hours. The partly cooled 
mixture was diluted with water, the greater part of the alcohol distilled off, and the dihydro- 
cryptol steam-distilled. After being worked up in the usual way, crude dihydrocryptol (22 g.) 
was collected at 72°/1 mm., from which a pure sample of the ¢rans-hydrogen phthalate was 
prepared (see below). 

Phthalate Formation.—The hydrogen phthalates were prepared (10 hours’ heating) by the 
method described by Gillespie, Macbeth, and Swanson (J., 1938, 1823). The ester separating on 
acidification of the sodium carbonate solution was extracted with chloroform, and the residue after 
removal of the solvent was crystallised from light petroleum (b. p. 60—90°). The cis-ester was 
readily purified by this treatment, but fractional crystallisation of the trans-ester was laborious 
when any appreciable quantity of the less soluble cis-phthalate was present. Typical examples 
are as follows: (a) Sodium reduction product. The product from the crude dihydrocryptol (22 g.) 
and phthalic anhydride (25 g.) gave an oily by-product (10 g.) containing unchanged dihydro- 
cryptone (3 g.); the regenerated phthalate formed large plates, m. p. 113°, of pure ¢vans-hydrogen 
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phthalate after one crystallisation from light petroleum. (b) Raney nickel product. The 
dihydrocryptol (22 g.) gave a by-product (6 g.), together with the pure cis-phthalate (27 g.), long 
flat needles, m. p. 130°, after three recrystallisations from light petroleum. In another experi- 
ment with the same catalyst, the product (50 g.) with phthalic anhydride (55 g.) gave an oil 
(15 g.) and the pure phthalate (46 g.), m. p. 130° (Found: C, 70-2; H,7-5. Calc.: C, 70-3; H, 
76%). (c) Ponndorf reduction product. Dihydrocryptol (54 g.) prepared by reduction with 
aluminium isopropoxide (Gillespie, Macbeth, and Swanson, loc. cit.) was esterified by heating 
with phthalic anhydride (60 g.). The non-alcoholic fraction (15 g.) was recovered on ether 
extraction of the solution of the product in sodium carbonate, and bulk recrystallisation of the 
recovered phthalate from light petroleum gave a product which became more and more impure 
owing to accumulation of the less soluble cis-ester initially present; (one crystallisation) 67 g., 
m. p. 109—112°; (three crystallisations) 52 g.,m. p. 105—110°; after a further crystallisation 
the m. p. was 102—110°. The product was then purified by the magnesium chloride method. 
Purification of the Hydrogen Phthalates by Magnesium Chloride.—A solution of the crude 
hydrogen phthalate in an excess of aqueous sodium carbonate was neutralised with hydrochloric 
acid and diluted until the concentration of the phthalate was approximately 2%. To the 
warmed solution (60—70°), hot neutral magnesium chloride solution was slowly added with 
shaking as long as precipitation occurred. After cooling, the granular precipitate of the magnes- 
ium salt was collected and washed with hot water. Acidification of the filtrate and washings 
precipitated the cis-hydrogen phthalate, which, extracted with chloroform and recrystallised 
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from light petroleum, was obtained in long flat needles, m. p. 130°. [The magnesium salt of the 
trans-ester may be further purified by solution in boiling alcohol, from which, after addition of cold 
water (4 vols.), it separates, on cooling, in flat pearly plates, m. p. 127—-128°]. When decomposed 
by hydrochloric acid, the magnesium salt yielded the tvans-hydrogen phthalate; after extraction 
with chloroform and crystallisation from light petroleum, this was obtained in plates, m. p. 115° 
(Found: C, 70-5; H, 7-55. Calc.: C. 70-3; H, 7-6%). 

The application of the method to the crude phthalate obtained from the copper—barium— 
chromite hydrogenation gave the trans-ester (6 g.), m. p. 115° after one crystallisation, and the 
cis-derivative (8 g.), m. p. 130°. 

The method of separation was also tested on the phthalates in the still residues after recovery 
of the light petroleum from the considerable quantities of mother-liquors accumulated during the 
work. The crude product (34 g.) gave pure samples of the two phthalates after one crystallis- 
ation from light petroleum. The method is therefore not only convenient but efficient. 

Pure cis- and trans-Dihydrocryptol_—The pure alcohols were obtained from the purified 
hydrogen phthalates by steam distillation in the presence of potassium hydroxide. The possibil- 
ity of transmutation of the alcohol is thus minimised, as it is removed from the alkaline medium 
almost as quickly as it is formed in the hydrolysis. 

In a typical experiment the tvans-ester (30 g., m. p. 115°) was added to 4% potassium hydr- 
oxide solution (580 c.c.; 4 mols.) and steam distilled. Frothing occurred at first, but was 
quickly suppressed by the separation of the alcohol. After the major part of the alcohol had 
been removed, frothing again set in, and the rate of steam distillation was then slowed down. 
All the alcohol was collected in less than 40 minutes. After extraction of the distillate with 
ether, drying with anhydrous magnesium sulphate, and removal of the solvent, the trans- 
dihydrocryptol was bulked with the products of two other separations and distilled under 
reduced pressure. From 77 g. of the hydrogen phthalate a yield of pure trans-dihydrocryptol 
(32-5 g.) was obtained, b. p. 79-5°/1-8 mm., 81°/2-2 mm., nu?” 1-4658, d3f. 0-9156, d& 0-9053 
(Found: C, 76-05; H, 12-75. C,H,,0 requires C, 76-0; H, 12-7%). 

Similar treatment of pure cis-dihydrocryptol hydrogen phthalate (30 g., m. p. 130°) yielded 
the free alcohol, but the hydrolysis was much slower and extended over 2-5 hours. The distillate 
solidified in the condenser, a white solid collecting in the receiver also. On working up as 
described in the preceding case, pure cis-dihydrocryptol was collected, b. p. 72°/1-9 mm., 
74-5°/2-2 mm, n>” 1-4671, dp. 0-9212, dsp. 0-9084 (Found: C, 75-8; H, 12-7%). The alcohol did 
not solidify on standing or on nucleation with a crystal of the white solid previously collected. 
The solid itself could not be crystallised from any solvent, and soon disappeared when placed on 
a tile in a vacuum desiccator. This suggested a hydrate, and the alcohol was found to solidify 
immediately on the addition of water. cis-Dihydrocryptol hydrate contains 3-5 molecules of 
water, and dilatometer readings fixed its transition point at 34-2—34-4° (Found: C, 52-4; 
H, 12-4. C,H,,0,3-5H,O requires C, 52-6; H, 12-3%). 

Dihydrocryptol Acetates.—The alcohols were esterified with excess of glacial acetic acid and 
3% of concentrated sulphuric acid. After standing at room temperature for 48 hours, followed 
by refluxing on the steam-bath for 30 minutes, the mixture was poured into water, and the ester 
extracted with ether and worked up in the usual way. cis-Dihydrocryptol acetate had b. p. 
70-5°/1-1 mm., nz” 1-4485 (Found: C, 71-9; H, 11-1. C,,H,9O, requires C, 71-7; H, 10-95%). 
trans-Dihydrocryptol acetate had b. p. 76°/2 mm., ny” 1-4490 (Found: C, 71-9; H, 11-05%). The 
refractive indices of the esters prepared by this method are therefore no guide to configuration on 
the Auwers-Skita rule. 

The esters were also prepared from the respective alcohols by the Fischer—Speier method ; 
cis-dihydrocryptol acetate, b. p. 86—87°/5 mm., nj” 1-4484, a3%. 0-9348; trans-dihydrocryptol 
acetate, b. p. 89—90°/5 mm., 2” 1-4488, d3% 0-9312. The densities conform to the Auwers— 
Skita rule, and the configurations are supported by the rates of hydrolysis of the esters. 
The isolation of the respective alcohols after hydrolysis further showed that no change of 
configuration occurred during esterification. 

Rates of Hydrolysis of Dihydrocryptol Esters ——The hydrolysis were carried out at 55° in a 
constant-temperature oven. An excess of 0-05n-sodium hydroxide (200 c.c.) was warmed to 
about 55° and placed in the oven for about 40 minutes to attain its temperature. A weighed 
quantity of the phthalate (1-5—2-0 g.) was then added, the time being taken as zero on a stop- 
watch. The time taken for solution of the phthalate was about 2 minutes, but the error due to 
this was negligible, as the rate of hydrolysis was slow. At appropriate intervals during 40—50 
hours, 20 c.c. of the mixture were drawn off and run into 25 c.c. of 0-05n-nitric acid, to which 
alcohol (50 c.c.) had been added to prevent separation of the products. Titration with 0-117N- 
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barium hydroxide (phenolphthalein) gave a measure of the volume of nitric acid neutralised by 
the mixture. In the figure these volumes are plotted against time, and the hydrolysis constants 
are calculated therefrom by substitution in the equation 


k = 2-3026 [log N, + log (Ng — Nw) — log Ng — log (N; — Now)]/Not 


where Ng, N;, and Nw are the volumes of nitric acid (in c.c.) required for neutralisation at 
time /,, time ¢,, and at the end of reaction respectively. 

Alcoholic solutions of the acetates were used, as these esters do not form water-soluble salts, 
and an alcoholic (60%) solution of 0-05n-nitric acid was used in the titrations. Graphs similarly 
constructed to those above are shown in the figure. The reaction velocities were much greater 
in the case of the acetates, the N.. value being taken after 24 hours. 

The values of k®™ calculated from the curves for the hydrogen phthalates and the acetates 
are given in the table on p. 618. The rates of hydrolysis are in accord with the figures for 
refractive indices and densities of the alcohols and are also in agreement with the configurations 
expected for the alcohols formed by acid and by alkaline reduction. 


One of the authors (R. G. C.) is indebted to the Commonwealth Government for a Federal 
Research Grant which enabled him to take part in the work. 


JoHNSON CHEMICAL LABORATORIES, 
UNIVERSITY OF ADELAIDE. [Received, December 29th, 1938.] 





118. Electrical Conductivities of Dilute Solutions of Sodium Dodecyl 
Sulphate in Ethyl Alcohol—-Water Mixtures at 20°. 


By A. F. H. Warp. 


The conductivity of a salt with a large, highly unsymmetrical ion, viz., sodium 
dodecyl sulphate, has been measured at low concentrations in ethyl alcohol—water 
mixtures. The equivalent conductances at infinite dilution have been derived. 
Although there is considerable variation in the product Ag» for the salt, Walden’s rule is 
approximately obeyed by the dodecyl sulphate ion. Results are compared with those 
for other large organic ions. The solvation of the ions has been estimated by various 
methods. 

Straight lines for A plotted against /c show agreement with the Kohlrausch 
equation in all solutions at sufficiently low concentrations. The slopes of the lines 
have been compared with theoretical values according to Onsager’s equation. Reason- 
able agreement is found except for mixtures from 80 to 100% of alcohol, where the 
sodium dodecyl sulphate is incompletely ionised, and from 10 to 50% of alcohol, where 
the experimental slopes are abnormally low. In this same range, the solubility of sodium 
dodecyl sulphate rises to extremely high values. An explanation has been suggested 
to correlate these abnormalities, based on the dual nature of the dodecyl sulphate ion 
and its interaction with solvent molecules. 


THE conductivities of electrolytes in many non-aqueous solvents have been measured by 
Walden and various co-workers since 1906. The electrolytes used have been mainly alkyl- 
substituted ammonium salts with large, symmetrical ions, and also some simple salts. 
Since the development of the Debye—Hiickel theory of strong electrolytes and the modifica- 
tion of the equations by Onsager (Phystkal. Z., 1927, 28, 277) many investigations have been 
carried out to seé how closely these equations agree with experiment for non-aqueous 
solvents. If a series of mixtures of water and an organic solvent are used, the gradual 
transition from the behaviour of the electrolyte in water to that characteristic of the other 
solvent may be followed. 

The present work was undertaken to study the behaviour of a large, unsymmetrical 
ion in water and ethyl alcohol and in mixtures of these. Sodium dodecyl sulphate is very 
suitable for this purpose. Its conductivity in water at various temperatures has been 
measured by Lottermoser and Piischel (Kolloid.-Z., 1933, 68, 175) and Howell and 
Robinson (Proc. Roy. Soc., 1936, A, 155, 386). Although this salt behaves in aqueous 
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solution as a colloidal electrolyte at high concentrations, it is completely dissociated into 
simple ions at very low concentrations. The absence of hydrolysis makes possible accurate 
measurement even in great dilution. 

Conductivities had to be measured at concentrations low enough for the Onsager equation 
to be valid and for the equivalent conductance at infinite dilution to be deducible. Con- 
centrations from about 0-0001N to 0-01N were used. 


EXPERIMENTAL. 


Cells—Two quartz cells were used. The cell constants were determined with several 
solutions of Kahlbaum’s potassium chloride, of which the specific conductances were of the 
same order as those of the solutions for which the cells were used, according to the method of 
Frazer and Hartley (Proc. Roy. Soc., 1925, A, 109, 351). The values of the constants were 
0-02902 and 0-01355. The stoppers carrying the electrodes were fitted into the cells in exactly 
the same position each time. The variation of cell constant with volume of solution in the 
cell was found, and the cell was always filled sufficiently so that the cell constant no longer 
varied with the volume. The electrodes were lightly platinised, and it was shown that they 
caused no catalytic oxidation of the alcohol, for the resistance did not alter with time (cf. 
Walden, Ulich, and Laun, Z. physikal. Chem., 1925, 114, 275; Brownson and Cray, J., 1925, 
127, 2923). Between experiments, the cells were washed for about 24 hours with running 
hot water. The solutions were maintained at 20° + 0-01°. 

Electrical Apparatus.—The method of Howell and Handford (Trans. Faraday Soc., 1933, 
29, 640) was used, with slight modifications. A valve oscillator gave alternating current of 
the sine-wave form (the frequency used was about 2000 cycles). The null-point was determined 
with a valve amplifier and telephones. A Tinsley non-inductive resistance box with six dials 
and Tinsley ratio arms formed the bridge, and similar ratio arms were used for the Wagner 
earth (Elektrochem. Z., 1911, 32, 1001). A variable capacity was used in parallel with the 
resistance box. Adjustment of this allowed the minimum sound at the null-point to be reduced 
to complete silence and increased the sensitivity. The author is very grateful to Dr. O. R. 
Howell for the loan of this apparatus. 

Materials.—Sodium dodecyl sulphate. It was essential for this to be prepared completely 
free from other salts. Chlorosulphonic acid (190 g.) was added slowly to pure dodecyl alcohol 
(280 g.) (from Ronsheim and Moore, m. p. 22-8—23-3°), the temperature being kept between 
40° and 45°. The product was poured slowly into sodium hydroxide solution (75 g. in 750 c.c.) 
cooled in ice, with vigorous stirring. The crude sodium salt was filtered off (yield 415 g.), 
crystallised twice from water, twice from ethyl alcohol, extracted (Soxhlet) with light petroleum 
(b. p. 40—60°) for 5 hours, and further crystallised three times from alcohol, the temperature 
being kept below 60° always. It was washed with light petroleum and kept for several months 
in a desiccator over phosphoric oxide and paraffin wax; yield 150g. The sodium was estimated 
by ignition with sulphuric acid to sodium sulphate, and the hydrolysable sulphur by hydrolysing 
with hydrochloric acid and measuring the extra acidity due to the sodium hydrogen sulphate 
produced (Found: Na, 7-97,; hydrolysable SO, 27-6,. Calc. for C,,H,,0O,SNa: Na, 7-979; 
SO;, 27-77%). 

Water.—This was obtained by fractional condensation in a silver condenser, Howell and 
Robinson’s apparatus (Joc. cit.) being used. The specific conductance was about 0-5 x 10-6 
reciprocalohm. The water was collected and stored in silica vessels, and protected from carbon 
dioxide. 

Absolute alcohol. Ordinarily pure absolute alcohol was distilled from lime, and the middle 
fraction collected. A little of this was refluxed with calcium shavings for one day, until a gel 
of calcium ethoxide was formed. To this was added the rest of the alcohol, and the whole 
refluxed fora further day. The alcohol was distilled directly into a silica bottle. This specimen 
was considerably purer than those usually employed for conductivity measurements. The 
specific conductance was only 0-05 x 10-* reciprocal ohm, compared with values from 0-15 x 
10-* to 0-36 x 10-* for the alcohol used in similar investigations (for review of data, see Walden, 
Ulich, and Laun, Joc. cit.). Kraus and Callis (J. Amer. Chem. Soc., 1923, 45, 2624) obtained 
small quantities of alcohol with a specific conductance of 0-03 x 10-* by a lengthy procedure. 

Alcohol—water mixtures. Rectified spirit, several times distilled, was diluted with conduct- 
ivity water, and the composition found from measurements of specific gravity and reference 
to tables. In addition to the mixture in the proportions found in the rectified spirit itself, 
mixtures were made with approximately 10%, 20%, 30% (by weight), etc., of ethyl alcohol. 
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The exact values of the composition of the mixtures are given below, together with the average 


specific conductance. 
EtOH, % by wt.... 991 20-02 29-78 39:60 49-94 59:37 69-23 80-15 93-04 
eX 10%, MRO  ..00.. 0-33 0-21 0-16 0-12 0-12 0-11 0-12 0-12 0-10 

These mixtures wiil subsequently be referred to by the nearest whole number in the percentage 
of alcohol. 

Procedure.—The pure solvent was weighed in the cell, and its conductance measured. 
Known weights of a solution of suitable concentration were added successively to the cell from 
a weight pipette of borosilicate glass. With this method, due to Whetham (Phil. Trans., 
1900, A, 194, 321), the concentration and the solvent correction are known more definitely than 
with the Ostwald—Arrhenius dilution method. The solvent correction was made by subtracting 
the conductance of the solvent from that of the solution. At all stages precautions were taken 
to prevent the access of carbon dioxide. 

The concentrations were known originally in weight normalities. For comparisons between 
solutions in different solvents it was essential to convert these into volume normalities. For 
this purpose the densities of the solutions were taken as being the same as those of the corres- 
ponding solvents: determination of a number of densities showed that the greatest error 
introduced by this assumption at the highest concentrations used was about 2 parts per 1000. 


TABLE I. 
Water. 9-91% Alcohol. 20-02% Alcohol. 29-78% Alcohol. 
Ay = 65:46; a = 52-4. A, = 48:36; a= 41:2. Ay = 35°65; a = 11-0. Ay = 28-02; a = 78. 
Ve & dele, Ve A. A,cale. Ve. A. A,cale Ve. A. A, calc. 


0-01740 64:79 64-55 0-01225 47-79 47-86 0-01517 35-50 35:48 0-01421 27:97 27-91 
0-02163 64-41 64:33 0-01903 47:50 47-58 0-01945 35-44 35-44 0-02181 27:89 27°85 
0-02658 64:04 64-07 0-02564 47-31 47-30 0-02354 35-36 35°39 0-02894 27-74 27-79 
0-03045 63-90 63-86 0-02826 47-20 47-20 0-02703 35°30 35°35 0-03750 27-74 27-73 
0-03438 63-69 63-66 0-03769 46-79 46-81 0-03402 35°33 35°28  0-04540 27-63 27-67 
0-04136 63-25 63-29 0:04351 46-62 46-57 0-03895 35-26 35-22 0-05331 27-64 27-60 
0-04778 62:94 62-96 0-04915 46-36 46-33 0-04442 35:14 35:16 0-06564 27:54 27-51 
0-05311 62-61 62-68  0-05529 46-13 46-08 0-05144 35-14 35-08 0-07698 27-40 27-42 
0-05846 62-47 62-40 0-06536 45-60 45-67 0-05459 35-10 35-05 0-08788 27:33 27-33 


0-06220 62-14 62-20 0-06363 34:97 34:95 0-09552 27-30 27-27 
0-06836 61-82 61-88 0-07541 34-85 34:82 0-1021 27:23 27-22 
0-07403 61-56 61-58 0-08570 34:79 34-71 
0-08143 61:20 61-19 

39-60% Alcohol. 49-94% Alcohol. 59-37% Alcohol. 69-23% Alcohol. 


A, = 25-46; a= 15-6. A, = 24-84; a= 23-4. A, = 25-08; a = 36-2. A, = 25-65; a = 39-4. 
0-01105 25-30 25-29 0-01571 24-48 24:47 0-01888 24-41 24-40 0-01987 24-96 24-87 
0-01788 25:16 26-18 0-02111 24-35 24-35  0-02752 24-08 24-08 0-02989 24-41 24-47 
0-02560 25-09 25-06 0-02830 24-14 24:18 0-03470 23-81 23-82 0-03803 24-19 24-15 
0-03379 24-92 24-93 0-03542 24-02 24-01 0-04117 23-53 23-59 0-04472 23-88 23-89 
0-04038 24:79 24-83 0-04378 23-82 23-82 0-04629 23-37 23-41 0-05512 23-53 23-48 
004645 24-76 24-74 005373 23-58 23-58 0-05182 23-22 23-20 0-06322 23-24 23-16 
0-05136 24-68 24-66 0-07144 23-20 23-17 0-05992 22-95 22-91 0-07168 22-82 22-83 
0-05508 24-60 24-60  0-08305 22-94 22-90 0-06892 22-62 22-58 0-08052 22-47 22-48 


0-06452 2447 24-45 0-07894 22-31 [22-22] 0-09059 22-05 22-08 
0-07348 24:27 24-31 0-08984 22-05 [21-83] 0-1042 21-54 21-54 
0-08228 24:19 24-18 0-1011 21-74 [21-42] 
0-09099 24:00 24-04 

80-15% Alcohol. 93-04% Alcohol. Absolute alcohol. 
Ag = 27-75; a = 62-0. <A, = 32-40; a = 125-4. Ay = 34-70; a = 209-0. 


0-01249 26-99 26-98 0-01462 30-53 30-57 0-01173 32:25 32-25 0-05565 23-87 
0-02009 26-50 26-50 0-02156 29-77 29-71 0-02094 30-38 30-32 0-06761 22-36 
0-02802 26-10 26-01  0-02858 28-82 28-83  0-03087 28-44 [28-25] 0-08748 19-93 
0-03753 25-45 25-42 0-03643 27-86 27-85 0-03958 26-81 [26-42] 0-1156 17-38 
0-04633 24-88 24-88 0-04702 26-51 26-52 0-04731 26:52 — 

0-05618 24:25 24:27 0-05564 25-49 25-44 
0-07125 23-41 [23-33] 0-07794 23-26 [22-66] 
0-08995 22-36 [22-17] 0-09559 21-87 [20-45] 


bl. 





RESULTS AND DISCUSSION. 


Values of the equivalent conductances (A) are collected in Table I for the various 
values of the concentration (c, in g.-equivs./l.) in the different solvent mixtures used. 
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In order to save space, results are not given for all the concentrations investigated, but only 
sufficient (about half) to show accurately the variation of A and agreement with A, calc. 
The results not shown agree excellently with those printed. 

The conductances in aqueous solution agree with values extrapolated from the results 
of Lottermoser and Piischel at higher temperatures, but there is some divergence from the 
figures of Howell and Robinson. A systematic error has, however, been detected in the 
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latter which will require the correction of their values for concentrations less than about 
0:007N (Howell, private communication). 

In Fig. 1, the equivalent conductances are plotted against Vc. Straight lines are 
obtained, over part or all of the concentration range, for every solvent except absolute 
alcohol. This means that the Kohlrausch square-root law is obeyed, and the equivalent 
conductance is given by the equation A = Ay — aV/c. The values of A, shown in the 
table are obtained by graphical extrapolation to zero concentration from the curves in 

NN 
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Fig. 1. It is seen that, as the percentage of alcohol is increased, there is a rapid fall in the 
equivalent conductance at infinite dilution (Ag) from 65-46 for water to 24-84 for 50% 
alcohol, the lowest value obtained. As the percentage of alcohol is further increased, 
Ag Tises again to reach 34-70 for absolute alcohol. At the same time, there is a similar 
systematic alteration in the slope of the straight line, which reaches a minimum at about 
30% of alcohol. The reasons for this are considered later. 

Mobilities in Water and Alcohol.—Much evidence has been collected by Walden and his 
co-workers that the limiting equivalent conductance of an electrolyte in different solvents, 
or in a single solvent at different temperatures, is inversely proportional to the viscosity, 
but Walden’s rule (Agy = constant) is not universally true. Aqueous solutions generally 
form an exception. The rule applies best to electrolytes with large symmetrical ions 
which are unlikely to be solvated (e.g., tetraethylammonium picrate). In this case a value 
for Ag of 0-56 is obtained in all solvents at all temperatures investigated. Electrolytes 
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Curve 1: A, for sodium dodecyl sulphate. 

Curve 2: Viscosity of mixed solvent. 

Curve 3: Aon for sodium dodecyl sulphate. 

Curves 4, 5, and 6: Agn for LiCl, KI, and NaCl, respectively, multiplied by (Agn NaD in water/Agn salt in 
water) (from Connell, Hamilton, and Butler). 


with smaller ions may give a constant value of Agy at different temperatures in the same 
solvent, but different values on passing from one solvent to another. Simple inorganic 
salts, such as the alkali-metal halides, have values of Agn which vary with both temperature 
and solvent. . 

Curve 1, Fig. 2. shows A, for sodium dodecyl sulphate plotted against the percentage 
of alcohol in the mixed solvents. Values of the viscosities of the mixtures are also given 
(curve 2). There is a general correlation between the two, but the maximum in the viscosity 
curve is not at the same concentration as the minimum value for Ay. The discrepancy is 
more obvious when values of Agn are plotted (curve 3, Fig. 2). This rises toa maximum 
at ye 20% of alcohol, and beyond this concentration to 100% of alcohol there is a 
rapi , . 

Values of Agy for sodium dodecyl sulphate in water and alcohol may be compared with 
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data for other typical compounds in Table II. The simpler the ions the greater is the 
difference between the values of Agy in the two solvents. An unusually small figure for 
Aon is explained by assuming solvation of the ions. No explanation has been given for 
the very large values for simple salts in water and also for solutions in liquid ammonia 
and in liquid sulphur dioxide. The values of Agy for sodium dodecyl sulphate are similar 
to those for sodium picrate, and are typical of a salt with a large organic ion and a small 
inorganic ion. 
TABLE II. 
Water. Ethyl alcohol. 
a Agn- 
Sodium dodecyl sulphate ; 0-414 
Tetrapropylammonium picrate... 0- 0-490 
Sodium picrate > 0-512 
Sodium chloride ° 0-477 
‘ , . —_ 20-3 or 17-0 0-242 or 0-203 


—_ 14-4 or 17-7 0-172 or 0-211 
ade 18-7 mas 

Further information may be obtained by calculating the mobilities of the individual 
ions. Taking the mobility of the sodium ion in water (/¥3°) to be 45-6 at 20°, we obtain 
65-5 — 45-6 = 19-9 for that of the dodecyl sulphate ion (/$#°). In ethyl alcohol the values 
are not so definite. Various estimates have been made of /%%®"; Walden and Ulich (Z. 
phystkal. Chem., 1925, 114, 297) give 22-2 at 25°, later modified to 22-3 (‘‘ Salts, Acids and 
Bases,” p. 316). Barak and Hartley (Z. physikal. Chem., 1933, A, 165, 272), estimating the 
mobilities on a different basis, give rather higher values for the anions and correspondingly 
lower values for the cations, taking 18-7 forsodium. Although Ogston (Trans. Faraday Soc., 
1936, 32, 1679) does not give a value for sodium, his estimates of mobilities in ethyl alcohol 
agree closely with those of Barak and Hartley. If these figure are converted to 20° by 
a viscosity correction, we obtain the values shown in Table IT. 

Walden’s rule may be tested for individual ions by comparing the products /» in different 
solvents. It is seen that the rule is approximately obeyed by the dodecyl sulphate ion 
but not by the sodium ion. The lack of constancy of the product A,gy for sodium dodecyl 
sulphate is therefore due to the varying contribution of the sodium ion to the whole. 

It is instructive to compare the mobilities of the C,,H,,SO,’ ion and the tetrapropyl- 
ammonium ion, N(C,H,),", at 20° (Table II). These ions have almost exactly the same 
number of atoms, but the former is unsymmetrical and the latter symmetrical. 
The mobilities are similar in both solvents, but slightly lower values are found for the 
unsymmetricalion. It is generally found that for isomeric ions, in most solvents, the most 
symmetrical have the greatest mobilities. Thus, for isomeric substituted-ammonium 
ions, the mobilities are in the order NMe,” > NH,Et,” > NH,Bu". 

Mobtlities in Water—Alcohol Mixtures.—The variation in the value of Agn for sodium 
dodecyl sulphate is probably due to alteration in the solvation of the ions. Estimation of 
the effect of solvation in mixed solvents is more difficult than with single solvents, for the 
composition of the solvation layer will generally differ from that of the bulk of the mixture. 
Butler and Lees (Proc. Roy. Soc., 1931, A, 131, 382), from measurements of molar refractiv- 
ities, have shown that water molecules in the solvation layer of lithium chloride do not 
begin to be replaced by ethyl alcohol molecules until there are 20 mols.% (i.e., about 40% 
by weight) of alcohol in the solvent. Connell, Hamilton, and Butler (tbid., 1934, A, 147, 
418) have measured conductivities of lithium chloride and potassium iodide in water- 
alcohol mixtures. Their values of Ayn for these salts (at 25°) are plotted against the 
percentage by weight of alcohol in Fig. 2 (curves 4 and 5, broken lines). The values 
of Agn for the simple salts have been multiplied by suitable factors (Agy NaD in 
water/(Agn salt in water)) so that the curves all leave the Agyn axis at the same point 
(0-661) and comparison between the simple salts and the sodium dodecy] sulphate is easy. 

There is a general similarity between the curves. The value of Agy for lithium chloride 
alters very little in the concentration range where the solvation layer is unchanged. The 
maxima obtained in this range for potassium iodide and sodium dodecyl sulphate may be 
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due to alteration in the solvation, or, alternatively, the effective viscosity for an ion 
solvated with water molecules and moving in the mixed solvent may be different from the 
viscosity of the mixed solvent in bulk. Whether or not there is any alteration in the 
solvation of the sodium dodecyl sulphate up to 40—50% of alcohol, this most probably 
occurs with higher concentrations of alcohol. The fall in Agy for alcohol-rich mixtures is 
considerably larger than the initial rise. 

Solvation of Ions in Water and Alcohol.—Various methods have been suggested by which 
the solvation may be calculated from conductivity measurements, but the results vary 
greatly because of the numerous assumptions which have to be made. The principle is 
that if the value of Agy (or /» for a single ion) is smaller than would be expected from some 
empirical generalisation, this is because the solvation causes a lower mobility. These 
methods are not always applicable to aqueous solutions. By applying Walden’s generalis- 
tion (Z. Elektrochem., 1920, 26, 65), that Agn¥ M = constant (where M = molecular 
weight of solute), the dodecyl sulphate ion is found to be solvated with 4—5 molecules of 
alcohol. Herzog’s formula (ibid., 1910, 16, 1003) as developed by Walden (loc. cit.), viz., 
Agn¥ Vm = constant (where V,, = molecular volume of solute), gives 2—4 molecules of 
alcohol for the solvation of the dodecyl sulphate ion. The solvation of the sodium ion, 
as calculated by either of these methods, is 4—5 molecules of alcohol. 

An alternative method is to calculate the radius of the solvated ion (7) from the 
mobility by. means of Stokes’s equation (Ulich, Trans. Faraday Soc., 1927, 23, 388). This 
gives r = 8-15 x 10°/ycm. If the volume of the “‘ naked ”’ ion is known, the number of 
molecules in the solvation layer can be calculated. The hydrocarbon chain of the dodecyl 
sulphate ion is probably tightly rolled up to present the minimum surface to the water. 
Manipulation of a three-dimensional scale model of the chain gave 180 a.* as the minimum 
volume. Calculation of the solvation of the ion on this basis gave 2—3 molecules of alcohol 
or 4—7 molecules of water. 

Slope of Curve for A against ~/c.—The Onsager equation for the conductivity of a 
completely dissociated uni-univalent electrolyte at 20° takes the form 


- A = Ag — (162-9A,/e*? + 4-789 /ne"2) Vc. 


This equation is valid when certain fluctuation terms can be neglected as small, 7.¢., at 
very low concentrations, and if the dielectric constant (e) of the solvent is high enough. 
This means that a lower concentration must be reached in ethyl alcohol (« = 25-07) than 
in water (ce = 80-37) before a straight line is obtained for A plotted against ~/c. At 
higher concentrations the equivalent conductance as measured is higher than the value 
calculated from the Onsager equation, so the curve is concave upwards, even for a completely 
dissociated electrolyte. Davies (“‘ The Conductivity of Solutions,” 1930, p. 32) gives the 
rule that when Ag — A amounts to 10% of A, the actual equivalent conductance is about 
1% higher than the calculated. Walden (Z. phystkal. Chem., 1929, A, 140, 104) finds that 
the concentration when the A-*/c curve deviates from a straight line is given by #W/c = 
¢/272. These two methods give very similar estimates for the limiting concentration of 
sodium dodecyl sulphate in the water-alcohol mixtures, varying from about /c = 0-1 
in water to Vc = 0-02 in alcohol. It is seen from Fig. 1 that when c is greater than 
0-02 a straight line is no longer obtained for the solution in alcohol. For solutions with 
smaller alcohol concentrations, the straight-line portions of the curves extend over 
increasing concentration ranges. In the measurements by Walden, Ulich, and Laun 
(loc. cit.) of equivalent conductances of ethyl alcohol solutions, deviations from the straight 
lines began at concentrations between Vc = 0-02 and /c = 0-04. 

In Table I, col. 3 gives values of A, calc., obtained from the equation A, calc. = Ay — 
aVc. The values of A, and a given at the head of each part of the table have been obtained 
from the best straight lines drawn through the experimental points on a large-scale graph. 
It is seen that there is close agreement between the experimental values of A and those 
calculated from the Kohlrausch expression, over the appropriate concentration range. 

Curve 1 in Fig. 3 shows how the slope a of the A-Vc lines varies with the percentage of 
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alcohol in the solvent. The calculated values for the slope, according to the Onsager 
equation, are also plotted (curve 2). For the water-rich solvents the experimentally found 
slope is rather smaller than the theoretical, whereas for the mixtures rich in alcohol the 
experimental slope is the greater. The usual interpretation of a slope greater than the 
theoretical Onsager slope is that there is incomplete dissociation (or, alternatively, associated 
ion-pairs). Evidently, the dielectric constants of the mixtures from about 80% to 100% 
of alcohol are not sufficient to allow complete dissociation of the sodium dodecyl sulphate. 
The degree of dissociation decreases as the percentage of alcohol increases in this range. 
(The dielectric constant falls nearly linearly with increasing percentage of alcohol.) 

Slopes greater than the Onsager theoretical are commonly found for solutions of electro- 
lytes in ethyl alcohol. There is a greater variation among the deviations for different 
electrolytes in this solvent than in water, for the lower dielectric constant magnifies any 
tendency to form ion-pairs. The deviation for sodium dodecyl sulphate is about the same 
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Curve 1: Experimental slope. 
Curve 2: Theoretical Onsager slope. 
Curve 3: Percentage excess of theoretical over experimental slope. 


Curve 4: Solubility of sodium dodecyl sulphate at 20°. 


as that for the tetra-alkylammonium salts in ethyl alcohol (Barak and Hartley, Joc. cit.) 
and considerably greater than for most simple inorganic electrolytes. For solutions in 
methyl alcohol, the deviations from the Onsager slope are generally very small (Unmack, 
Murray-Rust, and Hartley, Proc. Roy. Soc., 1930, A,127, 228), but both positive and negative 
deviations are found. The ethyl alcohol-water mixture with a dielectric constant equal 
to that of methyl alcohol (about 859% EtOH) gives a slope for sodium dodecyl sulphate 
of nearly the theoretical value, indicating nearly complete dissociation. 

There is no explanation on Onsager’s theory for a slope lower than the theoretical. 
Nevertheless, this is found with many substances, although they are a minority of those 
investigated. For example, for aqueous solutions at 18°, the following substances (Onsager, 
loc. cit.) give slopes lower than the Onsager value (given in parentheses after the experimental 
figure)—potassium iodide, 72-88 (79-9); cesium chloride, 76-02 (80-5); potassium thio- 
cyanate, 76-50 (77-8) ; potassium sulphate, 140-3 (159-5). The variation of the experimental 
slope for sodium dodecyl sulphate in the range 0—80% of alcohol gives a curve (Fig. 3) 
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which is approximately parallel to the theoretical curve and about 10 units below it, except 
for a sharp dip between about 10% and 50% of alcohol. If a slope of about 10 units 
below the theoretical is accepted as normal for this salt, the rise from 80% to 100% and 
the dip between 10% and 50% of alcohol are evidently secondary effects superimposed. 
The slopes obtained for lithium chloride and potassium iodide in alcohol-water mixtures 
(Connell, Hamilton, and Butler, loc. cit.) follow the theoretical values fairly closely, except 
that potassium iodide shows the same evidence of association as does sodium dodecyl 
sulphate in alcohol-rich mixtures. When the concentration of alcohol is about 30% by 
weight, the experimental slopes are slightly lower than the theoretical values, but there is 
no abnormal dip such as occurs in the curve for sodium dodecyl sulphate in Fig. 3. This 
dip appears to be a specific effect caused by the dodecyl sulphate ion. 

At higher concentrations of sodium dodecyl sulphate than those described here, aggrega- 
tion of ions occurs in the water-rich solvents, with the formation of a colloidal electrolyte. 
This does not occur with alcohol-rich mixtures. (Ward, Chemical Society Discussion on 
‘* Aggregation of Ions in Paraffin-chain Salt Solutions,” J. Soc. Chem. Ind., 1938, 58, 1168 ; 
detailed account to be published shortly). The curves for A against +/c, at higher salt 
concentrations where micelle formation occurs, do not show any anomalies which can be 
related to the abnormal dip in curve 1, Fig. 3. It is quite certain that no micelles are 
formed in any of the solutions at the concentrations considered in the present paper. 

If the interaction of the ions with the solvent molecules were to cause an increase in 
the effect values of ¢ or to figures higher than those characteristic of the solvents in 
bulk, then the experimental values for the slopes would be lower than the Onsager 
theoretical. It is unlikely that there is such an increase in the effective viscosity between 
the concentrations of 10% and 50% of alcohol. A decrease is more probable in view of 
the maximum in the value of Agy in this same range (Fig. 2). On the other hand, the 
dielectric constant might well be altered considerably by orientation of molecules in the 
solvation layer (Williams, Chem. Reviews, 1931, 8, 303). This would make the application 
of Coulomb’s law, on which the Onsager equation is based, only an approximation, and the 
effectively higher value for the dielectric constant might well explain the abnormally 
low values obtained for the slope. 

Further experiments on the various properties of similar solutions in mixed solvents 
would be needed before this suggestion could be considered as proved, or the reason made 
clear why the abnormal decrease of the slope should occur only in the range of 10—50% 
of alcohol. A possible confirmation, however, is seen in the manner of variation of the 
solubility of sodium dodecyl sulphate in water-alcohol mixtures.+ Solubility depends 
ultimately on interaction between the molecules (or ions) of the solute and solvent—the 
same effect that is suggested as causing local increases in the dielectric constant. The 
solubility of sodium dodecyl sulphate has been measured in the various water-—alcohol 
mixtures at 20°, and the values are plotted as a broken line in curve 4 in Fig. 3. For 
comparison, curve 3 shows the percentage excess of the theoretical slope over the experi- 
mental. There is a very close similarity between the two curves. Between 10% and 50% 
of alcohol the solubility is extremely high, so high that it is indeterminate. The solutions 
still remain unsaturated even at concentrations where they are so viscous as to be 
almost solid. 

The reason why this increase in solubility occurs only over a certain range of alcohol 
concentrations depends most probably on the nature of the dodecyl sulphate ion. A hydro- 
philic and a hydrophobic group are combined together. When suitable concentrations of 
both water and alcohol are present, with specific attractions for the respective groups, the 
solubility should be greater than in either solvent alone. The question of the solubility 
is complicated in detail because at higher concentrations there are ionic micelles in 
equilibrium with the single ions, but the general considerations still apply. 
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119. The Dipole Moments of cis- and trans-Azobenzenes and of 
Some Related Compounds. 


By G. S. HARTLEY and R. J. W. LE FEvre. 


The measurements recorded in this paper show : (1) that cis- and trans-azobenzenes 
have moments of 3-0 p. and zero respectively, and that from either form in benzene 
solution at ordinary temperatures an equilibrium, containing 22% of the cis-modific- 
ation, is produced by illumination with sunlight; (2) that the known p-azotoluene is 
the trans-form, which—similarly to azobenzene—is partly converted into its cis- 
variety in sunlight; and (3) that, under the conditions which suffice to isomerise 
azobenzene and azotoluene, benzene- and toluene-azo-8-naphthols are unchanged. 

These conclusions, drawn from dielectric-polarisation data, are in agreement 
with those previously reported by Hartley (J., 1938, 633), obtained by using other 
methods. 


THE dielectric polarisation measurements recorded in the following three sections have 
been made in benzene solution at 25°, the apparatus and method detailed in ‘‘ Dipole 
Moments ”’ (Methuen, 1938, pp. 29—35) being used. They are tabulated below, together 
with brief descriptions of the conditions under which they were obtained. 

The symbols used denote the following quantities : w, the weight fraction of the solute 
in a solution, e the dielectric constant of the solution at a frequency ca. 1200 kc., d the density 
of the solution compared with water at 4°, # the specific polarisation of the solution, and 
7P,, the total polarisation of the solute at infinite dilution. The results are worked out 
on the assumption that the densities and dielectric constants of a series of solutions have 
rectilinear dependence upon the concentration, 7.e. (subscripts 1 and 2 being used to denote 
solute and solvent respectively), d = d,(1 + ®w,) and «= «,(1 + aw,). In the present 
cases this treatment is justified by the constancy of the products ae, and Bd,. The specific 
polarisation of a substance at infinite dilution is then obtained from the equation ~, = 
p.(l — 8) + Cae,, where pf, = (eg — 1)/(e. + 2)d, and C = 3/d,(e, + 2). The observ- 
ations which follow were made at various times during the last 18 months, and in consequence 
slightly different samples of benzene have been used. For convenience in presentation, 
the data have been adjusted to correspond with a specimen of solvent for which p, = 0-34086 
c.c., C = 0-18809, « = 2-2725, and d = 0-87378. Where M is the molecular weight of 
the solute, the total molecular polarisation at infinite dilution is given by 7P,, = Mpc.c. 


TABLE I. 
Dielectric-polarisation Data for the Azobenzenes. 


100w,. €. d. a€q- Bd,. 100w,. €. d. Gé€q. Bad. 
(A) Solutions of the pure tvans-form were made up in opaque or brown glass bottles and examined as 
far as possible in the absence of daylight. 
0-9086 2-2771 0-87531 0-506 0-1684 1/1160 2-2782 0-87566 0-506 0-1681 
1-1054 2-2781 0-87564 0-505 0-1679 


(B) Solutions of the pure tvans-form were made up in ordinary glass flasks and the measurements con- 
ducted at once without any special precautions or departures from the normal routine for light- 
insensitive substances. 


03942 22749 0-87445 0-609 0-1700 15974 2-2837 0-87654 0-701 0-1728 
1-5644 2-2828 0-87647 0-658 0-1720 


(C) Solutions of the pure cis-form were examined as in (A). 
0-80945 2-3222 0-87536 6-140 0-1952 1:1047 2-3401 0-87592 6-124 01940 
10390 2-3346 0-87576 5-977 0-1906 


(D) The following observations relate to the above solutions after they had been exposed to bright 
sunlight for several hours in plait, white-glass flasks. 
09086 2-2888 0-87540 1-794 0-1782 0-3942 2-2798  0-87447 (1-8518) 0-1750 
11054 2-2918 0-87570 1-748 0-1736 1-5644 2-2996 0-87649 1-738  0-1732 
1:1160 2-2920 0-87573 1-749 0-1745 15974  2-3006 0-87656 1-759 0-1740 


0-8095 2-2864 0-87521 1-721 0-1765 1:1047 2-2913 0-87574 1-702 0-1774 
10390 2-2898 0-87562 1-670 0-1771 
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1. cis- and trans-Azobenzenes and their Photochemical Equilibrium in Benzene Solution.— 
The measurements in this section were made with specimens of cis- and trans-azobenzene 
prepared by one of us (Hartley, Nature, 1937, 140, 281; J., 1938, 633). For details and 
m. p.’s, the second reference may be consulted. 

It is of interest that the earlier dipole-moment determinations for azobenzene, made, 
before the cis-isomeride was discovered, by Bergmann, Engel, and Sandor (Ber., 1930, 
63, 2572), agree well with the measurements set out in (A), notwithstanding that these 
authors do not mention any precautions against light. Our work under ordinary laboratory 
conditions has always led to results of which the three in (B) are samples. This point has 
been the subject of previous comment (Chem. and Ind., 1938, 57, 255). 

In Table II are given the apparent dipole-moment values indicated by the figures of 
paragraphs (A)—(D), combined with an estimate of 67 c.c. for the distortion polarisation 
of both forms of azobenzene. This figure is taken from the total polarisations obtained 
in the first set of measurements above, and should therefore include a fuller correction 
for atomic polarisation than would the Na-D line refraction—the recorded values for which 
are all lower: Duval (Compt. rend., 1911, 153, 875) gives [R,] for the Li line, 4 = 670-5, 
as 62-28 c.c.; Auwers and Heimke (Ber., 1928, 61, 1030) give di**" 1-0362 and n2** 1-62662, 
whence [Rz], is 62-22 c.c.; recently, Auwers (Ber., 1938, 71, 611) has reported for solutions 
of cis- and trans-azobenzenes in quinoline and «-methylnaphthalene [R;]p 59—60 c.c. 
and 63—64 c.c. respectively. The refraction calculated from the sum of the appropriate 
atomic and constitutive refractions is of the order 57 c.c. (Auwers, Joc. cit., 1938). Ifa 
distortion polarisation of 63 c.c.—instead of 67 c.c.—is taken for cis-azobenzene, p» is raised 
from 3-02 to 3-05. 


TABLE II. 
The Apparent Dipole Moments calculated from the Above Data. 


Mean ae,. Mean Bf. ~,. tP.,C.c. p, D. Mean ae,. Mean PB. ~,. TP, C.-C. p, D. 

(A) 0-506 0-1924 00-3704 67-4 0 (C) 6-047 0-2212 1-4029 255-3 3-0 

(B) 0-656 00-1964 0-3973 72-3 0-4 (D) 1-735 0-2008 0-5987 109-0 1-4 
Hartley (loc. cit.) has already referred to the significance of the final » values, which 
entirely justify his allotment of configurations between the two forms; further confirm- 
ation may be found in the density measurements of this paper: generally, the density of 
a trans-isomer is less than that of a cis-, and this is true even for solutions under com- 
parable conditions of concentration and temperature (cf. examples among the aromatic 
diazocyanides, J., 1938, 431); for the two azobenzenes we find mean 8 values of 0-1924 

and 0-2212 (Table II), i.e., these are the trans- and the cis-variety respectively. 

The case of azobenzene has an interesting resemblance to that of azoxybenzene, inter- 
convertible labile (m. p. 81°) and stable (m. p. 36°) forms of which have been known for some 
years (cf. Reissert, Ber., 1909, 42, 1367), and whose configurations have recently been 
demonstrated by their dipole moments (Gehrckens and Miiller, Annalen, 1933, 500, 296), 
viz., 4-67 and 1-70 D respectively. The former is therefore the cis-isomeride, and these 
moments—differing by roughly the same amount as do the corresponding values for the 
two azobenzenes—show clearly the similarities between the spatial configurations of the 
Ar-N=N-Ar skeletons in the appropriately related pairs of azo- and azoxy-substances 


M.p. cae 
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These differences of ca. 3 D. seem large but would be explicable if the C,H;-N system 
were to have an effective moment of 2-0 D. (i.¢., if in cis-azobenzene the two C,H;-N axes 
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are mutually inclined at 80°; cf. Le Févre and Vine, J., 1938, 431). Unfortunately, data 
from which carbon-nitrogen link moments can be calculated are few. By analogy with 
carbon-oxygen links, raising the multiplicity should increase the link moment, and this 
seems to be the case from Milone’s results (Gazzetta, 1935, 65, 152) for a number of 1 : 3:4- 
(III) and 1 : 2: 5-oxadiazoles (IV) which were found to have the high values indicated. 


N=CR CR—N 


| O 
Lh loaf 
(III; » = 3-3—3-9 v.) (IV; » = 40-47 p.) 


The Photochemical Equilibrium between the two Azobenzenes.—The data in line (D) of 
Table II are the average of those obtained from solutions, initially containing pure cis- 
or pure ¢vans-azobenzene, which were allowed to attain equilibrium by exposure to daylight. 
This process has been discussed by Hartley (loc. cit.), who showed that, at ordinary tem- 
peratures and light intensities, the position of equilibrium is determined almost entirely 
by the relative velocities of the two photochemical reactions, cis —-> trans and trans —> 
cis, and scarcely at all by the (slow) thermal cis —-> trans inversion. 

From the figures of Table II a calculation of the equilibrium concentrations in benzene 
can be made. In a solution containing two solutes, a mixture rule can often be applied 
to the measured orientation polarisations, or—what amounts to the same thing—to the 
squares of the respective dipole moments. Thus, from the apparent moment of the 
equilibrated solution, the zero moment of the trans-component and the large moment of 
the cis-component, the composition at equilibrium is found to 22% cis- and 78% trans-. 
Hartley (loc. cit.), using a photometric method (the absorption band of azobenzene in the 
blue end of the visible spectrum being about 2} times more intense in the cis-form), found 
25% of cis-form in acetone and 24% in glacial acetic acid. A greater variation than this, 
however, is found if a wider solvent range is examined; e.g., the cis-contents in 25% 
acetone—water and heavy paraffin respectively are 40% and 15% (Hartley, unpublished 
data). 


2. p-Azotoluene.—For the following experiments a sample, m. p. 144—145° (after 
recrystallisation successively from acetone and petrol in a darkened room) was used. The 
results are in Table IIT. 


TABLE III. 


Dielectric Polarisation Data for p-Azotoluene. 
100w,. €. d. dep. Ba,. 100w,. €. d. de,. Bad,. 
(E) Solutions were made up as in (A) (Table I). 
2-6510 2-2866 0-87806 0-532 0-161 3-8015 2-2927 0-87992 0-531 0-161 
3-7832 2-2927 0-87988 0-534 0-161 
(F) ™ on. solutions were exposed to sunlight for 2 hrs. in plain glass flasks and re-examined 
orthwith. 


26510 2-2962 0-87807 0-899 0-162 3-8015 2-3070 0-88001 0-908 0-164 
3-7832 2-3064 0-87990 0-896 0-162 


A direct measurement on the strongest solution of set (E) showed [Rz]p = 77—78 
c.c.; this compared satisfactorily with the corresponding datum for azobenzene, so 78 
c.c. was used in calculating the moments given in Table IV. The differences caused by 


TABLE IV. 
Apparent Dipole Moments calculated from the Data of Table III. 


Mean ae,. Mean Bf. ,. SS ae Mean ae,. Mean fp. p,. as & DR 
(E) 0-532 0-1843 0-378 79-4 ca.0 (F) 0-901 00-1865 0-447 93-9 0-9 


illumination are less in this case than with tvans-azobenzene; this is unexpected, for by 
analogy the effect of the two CH, —~> C vectors in the 4 : 4’-positions should be to raise 
the resultant moment of the cis-modification above that of cis-azobenzene by perhaps 
05D. The above data, however, clearly show that f-azotoluene has a moment approach- 
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ing zero, which increases when sunlight acts upon the substance. The known #-azotoluene 
is therefore the trvans-form, which must be non-polar from symmetry considerations. 

In the absence of knowledge of the moment of the pure cis-form no estimate of the 
equilibrium proportions can be made with certainty, but if the reasonable figure for yu, of 
3-5 D. be assumed, then since pans iS O D., ANd equi, is 0-9 D., the equilibrium cis : trans 
ratio is 7 : 93—notably different from the analogous results for the azobenzenes. That 
this result is of the correct order has been shown by solubility determinations: toluene 
at 0°, shaken with #-azotoluene in the dark until saturated, was found to contain 0-0167 g. 
per g. of solution, whereas the corresponding value with fresh solvent in daylight was 
0-0188 g. Hence, the cis-form constitutes 11-2% of the equilibrium mixture. 

3. Benzene- and Toluene-azo-B-naphthols.—Hartley (loc. cit.) found a number of deriv- 
atives of azobenzene to behave qualitatively like their parent when exposed to light in 
various solvents, but in all cases the rates of cis —>» trans thermal reversion were very 
much higher, most notably so with the 4-hydroxy-derivative. An explanation was ad- 
vanced attributing this to the existence in non-ionising solvents of the uncharged molecules 
of these substances in a mesomeric state for which contributing structures can be formulated 
having in common the feature of a single link between the two azo-nitrogen atoms, the 
net result of which is to diminish, in the real form, the resistance of the molecule to internal 
rotation about the N-N axis. 

The measurements in Table V refer to benzene- and toluene-azo-$-naphthols; those 
taken after illumination are not shown because in no case has any evidence of change of 
benzene solutions been detected dielectrically. This means that if a photochemical 
inversion occurs the thermal inversion at 25° is complete within about 14—2 minutes, 
t.e., the minimum time required to make a dielectric-constant reading on a solution which at 
zero time is at some distance from the apparatus. 

The materials were prepared by direct coupling of the necessary components and 
recrystallised from hot acetic acid; m. p. 133—134° and 134—135° respectively. 


TABLE V. 


Dielectric Polarisation Data for Benzene- and Toluene-azo-$-naphthols. 
(G) Benzeneazo-B-naphthol. (H) p-Tolueneazo-B-naphthol. 


100w. €. d. aé€s- Bad,. 100w,. €. d. G€>- 2° 

0-2434 2-2762 0-87441 1-54 0-260 0-3449 2-2781 0-87469 1-64 0-264 
0-3106 2:2772 0-87457 1-52 0-255 0-4906 2-2797  0-87500 1-45 0-249 
0-3228 2-2774 0-87460 1-53 0-254 0-5010 2-2805 0-87508 1-60 0-259 


The distortion polarisations of these solutes were estimated from the following figures 
for Na line refractions: Benzene, 26-2 c.c.; toluene, 31-1 c.c.; a-naphthol, 46-3 c.c.; 
hydrogen, 1-1 c.c.; nitrogen, 2-21 c.c.; increment for the diazo-linkage, 3-13 c.c.. The 
dipole moments calculated therewith are shown below. 


Dipole Moments of Benzene- and Toluene-azo-$-Naphthols. 
Mean ae,. Mean f. ,. rTP... pf, D. Mean ae,. Mean B. pq. a he BD. 
(G) 1-53 0-293 0-529 131 1-60 (H) 1-56 0-294 0-534 140 1-66 


Incidentally, these measurements tend to support Auwers’s opinion (Amnalen, 1908, 
360, 18) that azo-dyes of these types, although sometimes easily prepared from quinones 
and arylhydrazines, are, in fact, better formulated as azo-compounds than as quinone- 
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phenylhydrazones (cf., e.g., Zincke and Bindewald, Ber., 1884, 17, 3032), since the dipole 
moment values found are much more nearly of the order to be expected for a simple phenol 
than for a molecule in which two relatively large group moments (g_y and pgeo) are 
compounded in the same sense in the resultant. A likely possibility already cited, however, 
would seem to be that these compounds are -mesomerides, towards which the quinone- 
hydrazone structure makes normally but a small contribution; such an explanation would 
require the groups at the ends of the doubly-linked nitrogen atoms to be in the more stable 
trans-relation to one another. This is an arrangement which is strongly indicated also by 
the evident relation with the o-hydroxyazo-mordant dyes (Pfeiffer, J. pr. Chem., 1930, 
126, 108; Sidgwick, ‘“‘ The Electronic Theory of Valency,”’ p. 234). 


Tue Str Wiitt1am Ramsay AND RALPH ForsTER LABORATORIES, 
UNIVEKSITY COLLEGE, LONDON. [Received, January 25th, 1939.] 





120. Dielectric Polarisation Data for the Allegedly Isomeric 
4: 4'-Dihydroxyazobenzenes of Willstitter and Benz. 


By I. Dostrovsky and R. J. W. LE FEVRE 


Willstatter and Benz (1906—1907) found that the p-azophenol obtained by reducing 
p-nitrophenol or by coupling p-hydroxydiazobenzene salts with phenol was different 
from the isomeride formed by reduction of benzoquinoneazine. Hantzsch (1910) 
suggested that these varieties were homochromoisomerides for which a cis-trans relation- 
ship was fundamentally responsible. 

lt is now shown that the dipole moments of these forms are almost identical in 
dioxan solution, a result which makes such an explanation seem less likely to be correct. 
No definite conclusion can be stated, however, because, owing to the natures of the 
dipolar groups involved, an accidental coincidence of moment values between cis- and 
trans-azophenols would not appear to be impossible. 


p-AZOPHENOL exists in two forms, termed « and 8, having many distinct properties, such as 
colour and solubility in common solvents (Willstatter and Benz, Ber., 1906, 39, 3492; 1907, 
40, 1578). They are prepared respectively (i) by direct coupling or by fusing f-nitrophenol 
with potassium hydroxide and a little water, and (ii) by the reduction of benzoquinoneazine, 
by means of sulphur dioxide or phenylhydrazine in benzene solution. They crystallise 
unchanged from a number of solvents and are recoverable nearly quantitatively from 
aqueous solutions of their potassium or sodium salts. For such reasons Hantzsch (Ber., 
1910, 43, 2512) concluded that they were not chromoisomers (like the yellow and red nitro- 
anilines, whose differences disappear in the dissolved state) but examples of homochromo- 
isomerism in which some stereochemical relationship is involved. He found that their 
absorption spectra in alcohol or ether were the same, a fact which was consistent with his 
explanation, since—in the visible regions at least—geometrical isomers have similar spectra 
(Hantzsch, Ber., 1910, 48, 1662; Le Févre and Vine, J., 1935, 431). Willstatter and Benz 
(loc. cit.) originally gave the m. p.’s as «, m. p. 215°, and 8, m. p. 212°, with a transition from 
8 ——> « at the latter temperature. Robertson (J., 1913, 103, 1472, 1475) states that both 
melt at 216—218° and records two chemical contrasts : (a) that they show different results 
on nitration under identical conditions (the «-azophenol giving a tetranitro-, and the 8 only 
a dinitro-, derivative), and (b) that they give, by direct halogenation, two tetrabromoazo- 
phenols, m. p. 252° and 271°, respectively. 

Hantzsch (loc. cit.) had allocated to the «-form a trans- (I) and to the 8- a cis-configura- 
tion (II). These substances formed the only possible case of genuinely geometrically 
isomeric azobenzene derivatives prior to the discovery of a second variety of azobenzene 
itself by Hartley (Nature, 1937, 140, 281; J., 1938, 633); earlier claims had been made— 
e.g., by Janovsky (Monatsch, 1889, 10, 583) for two trinitroazotoluenes, and by Gortner and 
Gortner (J. Amer. Chem. Soc.,1910, 82, 1294) for two azobenzenes, m. p.’s 68° and 25°—but 
these were explained (Hartley and Stewart, J., 1914, 105, 309) as complications arising from 
the occurrence of position isomerides in the first case and of mixed crystals of azo- and 
azoxy-benzenes in the second. 
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We therefore thought it of interest to examine the dipole moments of these two forms, 


since—if they are geometrically isomeric—their polarities might differ sensibly. The 
results have been inconclusive, however, for the apparent moments in dioxan solutions (the 


: ( OH aa i 


(I; a-form.) (II; B-form.) 


frou-n,0 ts HPh:NH, in C,H, 


KOK YNO, O=C=N—N=_ y=0 


only non-polar solvent which sufficiently dissolves both forms) appear to be practically 
identical, and both of the order to be expected for the trans-modification. In this connexion 
it should be noted that a precise forecast of the moments of both the czs- and the trans- 
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structures is made difficult by the presence of the hydroxyl groups, which have an angular 
configuration and consequently a resultant moment which is ot coincident with the N—Ar 
bond direction. The occurrence of intramolecular rotation of such groups thus makes 
possible an infinitude of relative orientations corresponding to molecular resultant moments 
lying between some high maximum (? ca. 3D.) and zero. 

Experiment affords an average value; this—since yp is zero for both trans-azobenzene 
and benzene—cani be anticipated as of the same order of magnitude as that of quinol (v7z., 
2-5 D.) in which there are similarly two opposed hydroxyls. Our measurements confirm 
this. The case of cis-azophenol is less certain; for although the moments of catechol and 
cis-azobenzene are known (2-2 and 3-0 respectively), no information exists as to the effective 
direction of action of the resultant in the former molecule. Hence all that can be said is 
that cis-azophenol will have a moment within the range 3+-2 D. 

Although the closeness of our final moment values, therefore, cannot eliminate the possi- 
bility that these preparations are geometrically isomeric, yet we would draw attention to the 
underlying experimental quantities. These are illustrated in the figure, which shows 
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densities and dielectric constants for both preparations plotted against concentrations. It 
is seen that the appropriate curves are superposed; this, if the solutes are different, is an 
unprecedented coincidence among dipole-moment studies of geometrical isomerism. 


EXPERIMENTAL. 


Measurements.—These were made in dioxan solution at 25° and are recorded under the head- 
ings: w, (weight fraction) x 1000, « (dielectric constant), d (density %°), and 4, (specific 
polarisation of the solution). From the last quantity the specific polarisations of the solutes 
have been evaluated by the mixture rule, p; = p, + (p13 — 3)/w, and are shown graphically 
in the figure. 

a-Form (green). 

1-594 2-4745 5-5016 7-628 
— 2-2218 2-2365 2-2470 
1-02810 1-02819 1-02895 1-02913 

— 0-28146 0-28364 0-28528 


8-Form (red). 


2-0735 3-0124 4-357 4-5626 9-514 
2-2212 —_ 2-2321 2-2349 2-2572 
1-02813 1-02820 1-02854 1-0286 1-02967 
0-28138 — 0-28305 0-28347 0-28680 


From these data the factors £(,;, — p,)/Xw, are: 0-71 for the a-form and 0-76 for the 8; 
the total molecular polarisations are therefore 212 and 222 c.c. respectively. If a distortion 
polarisation of 72 c.c. be assumed (from azobenzene, 68 c.c.; hydroxylic oxygen, ca. 1-5 c.c.) the 
apparent moments become : a-azophenol, u = 2-60 p.; B-azophenol, u = 2-69 p. 

Materials.—The a- and B-azophenols were prepared exactly as by Willstatter and Benz (loc. 
cit.). Analytically they were not absolutely identical, the a-variety affording lower data for C 
and H than the 8-; our results are given below, together with the only C and H analysis reported 
by the German authors : 

Calc. 
Found (D. and Le F.). Found (W. and B.). ot 
C, %. H, %. C, %. H, %. C, %. H, %. 

-Azophenol 67-0 4-64 — — 

§ Asoghencl 4-81 67-6 4-82 67:8 4-70 
Various properties described in the literature have been checked. In particular, we are in- 
debted to Dr. G. S. Hartley for examining the relative extinction coefficients of the two forms in 
dilute solution in methyl alcohol and acetone. They were approximately the same in both 
solvents for violet, blue, and green light, with the 6-form showing a slightly greater coefficient in 
the green. Inthe blue, both substances absorb about 14 times as strongly as azobenzene. It is 
thus likely that the absorption spectra of both varieties in these solvents are similar, as was found 
to be the case (Hantzsch, Joc. cit., 1910) for solutions in ethyl alcohol or ether. 


Tue Srr WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. (Received, January 25th, 1939.]} 





121. The Constitution of Caryophyllene. Part II. Oxidation 
Reactions of Caryophyllene and Dihydrocaryophyllene. 


By H. N. Rypon. 


Dihydrocaryophyllene has been oxidised with selenious acid to dihydrocaryophyllene 
aldehyde, and with perbenzoic acid to two isomeric dihydvocaryophyllene oxides. 
Oxidation of caryophyllene with selenious acid gave only resinous products, but 
oxidation with perbenzoic acid yielded caryophyllene oxide. A further piece of 
evidence from the literature for the new caryophyllene structure advanced in Part I 
(Chem. and Ind., 1938, 57, 123) is discussed. 


THE publication of a paper by Triebs (Ber., 1939, 72, 7) referring, without experimental 
details, to the production of an oxide from caryophyllene has made it desirable to put on _ 
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record some of the results obtained in experiments on the oxidation of caryophyllene and 
dihydrocaryophyllene having as their object the testing of the validity of the structure 
put forward in Part I. 

The action of selenious acid in boiling butyl alcohol on caryophyllene did not give 
promising results and attention was turned to its action on dihydrocaryophyllene obtained 
by catalytic hydrogenation of caryophyllene: the structure of Part I being adopted, the 
dihydrocaryophyllene was probably a mixture of two isomers, (Ia) and (Id), derived from 
the two non-conjugated caryophyllene isomers and the conjugated isomer, respectively. 

% , yMe 
CHO dion Me as O 


1 rf r? 
(Ia.) . (IIIa.) 


=)” Le =" 
8 8 ? 


(Ib.) (IIId.) 


The oxidation gave a fair yield of an aldehyde, C,;H,,0, which is regarded as dihydro- 
caryophyllene aldehyde (II), oxidation having taken place preferentially at the methyl 
group (cf. pinene —-> myrtenal; Dupont, Zacharewicz, and Dulon, Compt. rend., 1934, 
198, 1699). By selenium dioxide oxidation of caryophyllene in acetic anhydride Treibs 
(Ber., 1938, 71, 1794) obtained a poor yield of the acetate of a primary alcohol derived by 
oxidation of the same methyl group. Further oxidative degradation of dihydrocaryo- 
phyllene aldehyde has so far not led to any positive result. 

Caryophyllene reacted readily with perbenzoic acid in chloroform, affording a caryo- 
phyllene oxide in 70% yield. By analogy with limonene, in which the double bond more 
resistant to hydrogenation reacts preferentially with perbenzoic acid (Meerwein, J. pr. 
Chem., 1926, 113, 9), this is regarded as a mixture of three double-bond isomers of the type 

—CMe 
Cue | >0. A further oxide derived from the conjugated isomer is not to be expected, 


since isoprene gives only one oxide with perbenzoic acid (Pummerer and Reindel, Ber., 
1933, 66, 335). It has not so far been found possible to open the oxide ring smoothly. 

Dihydrocaryophyllene also reacted readily with perbenzoic acid in chloroform solution. 
The product was a readily separable mixture (yield 70%) of two isomeric oxides, fraction- 
ation yielding dihydrocaryophyllene «-oxide, b. p. 134—137°/12 mm., a>” — 3-38°, and 
dihydrocaryophyllene B-oxtde, b. p. 145—147°/12 mm., a>” — 4-46°. The formation of these 
two isomers leaves little doubt that dihydrocaryophyllene is a mixture; they are assigned 
the structures (IIIa) and (IIIb), the latter probably representing the B-oxide, which was 
formed in smaller amount. Neither of these two oxides has so far been smoothly con- 
verted into a glycol. 

All the above results are equally capable of explanation on similar lines on the basis 
of Ruzicka’s structure for caryophyllene (V; for the conjugated isomer) (Chem. and Ind., 


1935, 54, 509). 


(IV.) (V.) 


_—- 


rf HPr* 


Caryophyllene readily forms a crystalline adduct with maleic anhydride (Ruzicka and 
Zimmermann, Helv. Chim. Acta, 1935, 18, 219), doubtless derived from the conjugated 
isomer, (IV) or (V), both pre-existing in the sesquiterpene mixture and formed from the 
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corresponding isopropylidene isomer by double-bond migration during the reaction. Now 
Goodway and West have shown: (J., 1938, 2028) that, whereas a-phellandrene, which 
contains a cis-butadiene system as does (IV), reacts normally and readily with maleic 
anhydride, 8-phellandrene, which contains a ¢vans-butadiene system as does (V), gives only 
a poor yield of amorphous material; this appears to be a further piece of evidence in 
favour of the new structure for caryophyllene. 

An attempt to obtain a glycol from dihydrocaryophyllene by Meerwein’s method (D.R.P. 
574,838) was fruitless. Preliminary experiments on the autoxidation of caryophyllene 
have given promising results and the work is being actively pursued along these lines. 


EXPERIMENTAL. 


Caryophyllene obtained by redistillation of the commercial product had b. p. 119— 
121°/11 mm., ni** 1-5009, aj® — 8-52° (Ruzicka and Wind, Helv. Chim. Acta, 1931, 14, 410, 
give b. p. 119—121°/12 mm., nj" 1-5009, ap — 8-9°). 

Dihydrocaryophyllene.—Caryophyllene (51 g.) in absolute alcohol (100 c.c.) was shaken in 
hydrogen at 3—4 atms. in the presence of 2% palladised strontium carbonate (2-5 g.); 1 g.- 
mol. of hydrogen was absorbed in 6—8 hours. The product (48 g.), isolated in the usual way, 
had b. p. 120—122°/13 mm., m}%° 1-4908, al®” —23-84° (Deussen, J. pr. Chem., 1926, 114, 63, 
gives mi®° 1-4885, « —25°; idem, Annalen, 1912, 388, 156: nj?” 1-4903, « —24-0°). 

Oxidation of Caryophyllene with Selenious Acid.—A solution of 10 g. of caryophyllene in 
40 c.c. of butyl alcohol was treated with 6-5 g. of powdered selenious acid. A vigorous reaction 
set in at the b. p.; after this had abated, refluxing was continued for 5 hours. The precipitated 
selenium was filtered off and washed with alcohol; evaporation of the filtrate yielded a resin 
which gave no ketonic reactions and was not further examined. 

Oxidation of Dihydrocaryophyllene with Selenious Acid.—48 G. of dihydrocaryophyllene 
were dissolved in 125 c.c. of butyl alcohol, and 26 g. of powdered selenious acid added. After 
the vigorous reaction which set in at the b. p. had abated, the mixture was refluxed for 6 hours. 
The precipitated selenium was removed from the cooled solution, and the filtrate distilled. The 
product (29g.; 57%), b. p. 145—158°/12 mm., was still impure and contained selenium, although 
it gave a very good yield of semicarbazone. A solution in 150 c.c. of light petroleum (b. p. 
40—60°) was run through a column of Brockmann alumina and washed through with a further 
150 c.c. of petroleum. Recovery of the material from the filtrate gave dihydrocaryophyllene 
aldehyde (II) (18-5 g.; 36%) as a pale yellow oil with an odour of camphor and cedar-wood, 
b. p. 157—160°/15 mm., ni” 1-5073 (Found: C, 81-6; H, 10-9. C,,;H,,O requires C, 81-8; 
H, 10-9%); the substance gave a strongly positive Schiff reaction and quickly formed a sticky 
polymer or oxidation product on keeping. The semicarbazone formed stellate clusters of prism- 
atic needles from dilute alcohol, m. p. 242° (Found: N, 15-25. C,,H,,ON, requires N, 15-2%); 
it was of no value for purification, as regeneration was very difficult. 

Oxidation of Caryophyllene with Perbenzoic Acid.—17 G. of caryophyllene were added to a 
solution of perbenzoic acid in chloroform (270 c.c.) containing 1-34 g. of available oxygen. 
The solution, which became hot, was cooled in ice and the reaction was followed by iodometric 
titration. After 30 minutes the titre had fallen to zero and the solution was washed twice 
with 10% sodium hydroxide solution and then with water. Distillation of the dried solution 
gave 13 g. (71%) of caryophyllene oxide as a thick colourless oil, b. p. 1388—141°/10 mm., nj" 
1-4987 (Found: C, 81-2; H, 10-8. C,;H,,O requires C, 81-8; H, 10-9%). 

Oxidation of Dihydrocaryophyllene with Perbenzoic Acid.—27 G. of dihydrocaryophyllene 
were added to a solution of perbenzoic acid in 295 c.c. of chloroform containing 2-12 g. of 
available oxygen. The solution became warm and was cooled in ice. Titration showed 90% 
reaction in 30 minutes and 95% reaction in 2} hours. The solution was then washed successively 
with sodium iodide solution, sodium hydroxide solution, and water. Distillation of the dried 
solution gave 12 g. (41%) of dihydrocaryophyllene a-oxide (IIIa) as a colourless, sweet-smelling 
oil, b. p. 134—137°/12 mm., nj%* 1-4806, a?” — 3-38° (Found: C, 81-3; H, 11-9. C,s;H,.O 
requires C, 81-1; H, 11-7%), and 8 g. (28%) of dihydrocaryophyllene B-oxide (IIIb), a colourless, 
almost odourless oil, b. p. 145—147°/12 mm., u}*° 1-4832, aj” — 4-46° (Found: C, 80:8; 
H, 11-8%). 

Meerwein Oxidation of Dihydrocaryophyllene.—19 G. of dihydrocaryophyllene were cooled 
in ice-water and stirred mechanically while a cooled mixture of 11 c.c. of acetic acid, 1-2 g. of 
sulphuric acid, and 11 c.c. of 30% hydrogen peroxide was added during 1} hours. Stirring 
was continued for 68 hours, at first at 0° but later at room temperature. After heating on the 
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water-bath for 30 minutes, the product was treated with 10% sodium hydroxide solution and 
extracted with ether. The residue from the dried extract was refluxed on the water-bath for 
48 hours with 10 g. of potassium hydroxide, 10 c.c. of water, and 100 c.c. of ethyl alcohol. The 
alcohol was removed in a vacuum, and the residue steam-distilled to remove volatile matter. 
The product was an intractable plastic mass which refused to crystallise. 


The author thanks the Royal Society for a grant and the Royal Commissioners for the 
Exhibition of 1851 for a Senior Studentship. 
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122. Substituted Ketocholanic Acids. 


By SuNE BERGsTROM and G. A. D. HAsLEwoop. 


11 : 12-Diketocholanic acid (I) has been converted into the monosemicarbazone, and 
this, with sodium ethoxide, easily yields a triazine (II), and not a monoketo-acid. 

The remarkable formation of 3-hydroxy-7 : 12-diketo- and 3-hydroxy-12-keto- 
cholanic acids by cold chromic acid oxidation of cholic and deoxycholic acids has 
been confirmed by conversion of the oxidation products into lithocholic acid. The 
last substance is thus readily prepared. 


In an attempt to prepare 11-ketocholanic acid (cf. Marker and Lawson, J. Amer. Chem. 
Soc., 1938, 60, 1334; Barnett and Reichstein, Helv. Chim. Acta, 1938, 21, 926) for 
comparison with certain natural steroids, the 11 : 12-diketocholanic acid (I) of Wieland 
and Posternak (Z. physiol. Chem., 1931, 197, 17) has been investigated. Unlike the 
3 : 11-dihydroxy-12-ketocholanic acid of Marker and Lawson (loc. cit.), Wieland’s acid 
was easily converted into a monosemicarbazone. On hydrolysis, this compound gave the 
11-hydroxy-12-keto-A®‘™-cholenic acid described by Wieland and Posternak (loc. cit.). 


The above semicarbazone, on Kishner—Wollf treatment, readily yielded, not a mono- 
keto-acid, but a substance C,;H,,0,N;, which is apparently a triazine (IIa or 6). With 
diazomethane, this compound gave a methyl ester methyl ether, probably derived from the 
enolic form C(OH):N: (cf. Bilz, Annalen, 1905, 339, 243; Schmidt and Glatz, Ber., 1911, 
44, 276). 


CHMe:CH,CH,°CO,H co NH 
C;H,O, 


™ 
NHN ON  C,H,O 
N | Me eo. Me dail 
Vea Niu 

Ill IV Ilr IV 


(IIa.) (IIb.) 


Kaziro and Shimada’s claim (Z. physiol. Chem., 1937, 249, 220) to have converted 
cholic and deoxycholic acids by direct chromic acid oxidation into 3-hydroxy-7 : 12-diketo- 
and 3-hydroxy-12-keto-cholanic acid respectively has been confirmed. The oxidation 
products were readily prepared and both were converted by the usual means into litho- 
cholic acid. These reactions therefore provide a simple route to 3-hydroxy- and sub- 
stituted 3-hydroxy-cholanic acids. 


EXPERIMENTAL. 


All m. p.’s are uncorrected. The analyses are microanalyses made by Dr. A. Schoeller. 

11 : 12-Diketocholanic Acid Monosemicarbazone.—The acid (100 mg.) in ethyl alcohol (10 
ml.) was refluxed for 2 hours with a solution of semicarbazide hydrochloride (100 mg.) and 
crystalline sodium acetate (100 mg.) in water (1-5 ml.). The semicarbazone separated in white 
needles, m. p. 240—242° (decomp.), which were washed with alcohol and dried. Yield, ca. 
90% (Found: C, 67-0; H, 8-8; N, 9-3. C,;H3,0,N, requires C, 67-4; H, 8-8; N, 9-4%). 
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Acid hydrolysis. The semicarbazone (50 mg.) was refluxed with methyl alcohol (6 ml.), 
2n-sulphuric acid (2 ml.), and concentrated sulphuric acid (12 drops) for 3 hours. The mixture 
was diluted and extracted with ether, and the residue from the evaporated extract hydrolysed 
with sodium ethoxide solution (15 ml. of 1%). Acidification of the product, followed by 
crystallisation of the precipitate from dilute alcohol, gave white crystals, m. p. 140—142° 
(Found : C, 74-3; H, 9-7%). 

Kishner—Wollf treatment. The semicarbazone (75 mg.) was refluxed for 15 minutes, or 
heated in a sealed tube at 165—175° for 8 hours, with 2 ml. of a solution of sodium (1 g.) in 
ethyl alcohol (12 ml.). The diluted product was acidified with hydrochloric acid and extracted 
with ether, and the residue from the washed evaporated extract recrystallised from dilute 
alcohol. For further purification, a solution of the crystals in alcohol was treated quickly 
with diazomethane, acidified immediately, diluted, and extracted with ether. The residue 
from the evaporated extract sublimed at 190—195°/0:05 mm. The gummy product was 
refluxed for 15 minutes with ethyl alcohol (10 ml.) and 2n-sodium hydroxide (1 ml.). 
Acidification of the diluted solution, followed by evaporation of its ethereal extract, gave a 
crystalline residue, which separated from dilute alcohol in long white needles of the triazine 
(II), m. p. 292—295° (decomp.) (Found: C, 70-3, 70-4; H, 8-6, 8-8; N, 9-9, 9-7. C,,;H;,0,N, 
requires C, 70-4; H, 8-7; N, 9-8%). 

Treatment of the above triazine with diazomethane, followed by precipitation of the 
product with water, gave the methyl ether methyl ester, which crystallised from methyl alcohol 
in long white needles, m. p. 142—143° (Found: C, 71-4; H, 9-15; N, 9-3. C,,H,,O,N; 
requires C, 71-2; H, 9-1; N, 9:2%). 

Lithocholic Acid.—(a) From 3-hydroxy-7 : 12-diketocholanic acid. Cholic acid (5 g.) in acetic 
acid (250 ml.) was oxidised at 5—10° with chromic anhydride (2-5 g.) in water (125 ml.) as 
described by Kaziro and Shimada (loc. cit.). After being kept for 16 hours at 0°, the solution 
was diluted, saturated with sodium chloride, and extracted with ether. The residue from the 
washed evaporated extract slowly separated from ethyl acetate, containing a little ether, in 
large crystals (1-7 g.), m. p. 180—182°. These were converted by the usual means into the 
semicarbazone, and this (0-6 g.) was heated with a saturated solution of sodium ethoxide 
(5 ml.) in a sealed tube at 180° for 8 hours. Evaporation of a washed ethereal extract of the 
diluted acidified product left lithocholic acid. A sample of this was converted into methyl 
3-acetoxycholanate (below), which was sublimed and hydrolysed; crystallisation of the 
product from dilute alcohol gave the acid, m. p. 184—185°, [a]#* + 36-0° (c, 0-56 in ethyl 
alcohol). 

Methyl 3-acetoxycholanate. Methyl lithocholate (30 mg.) was acetylated at 100° for 20 
minutes with pyridine (1 ml.) and acetic anhydride (0-5 ml.). The product, precipitated with 
water, crystallised from dilute alcohol in white needles, m. p. 128—130° (Found: C, 74-7; 
H, 10-3. C,,H,,O, requires C, 74-9; H, 10-2%). 

(b) From 3-hydroxy-12-ketocholanic acid. Deoxycholic acid (10 g.) in acetic acid (700 ml.) 
and water (50 ml.) was treated at 0—5° with a solution of chromic acid (2-5 g.) in water (25 
ml.) and acetic acid (25 ml.), added during 1 hour. After being kept for 16 hours at 0°, the 
product was carefully diluted with water (1-5 1.), and the precipitated hydrate (7-7 g., m. p. 
ca. 100°) collected and dried. The hydroxyketo-acid formed colourless crystals, m. p. 160— 
161°, from benzene. The semicarbazone, prepared in the usual way and treated as above 
with sodium ethoxide, acid, and ether, gave, after one crystallisation from dilute alcohol, 
lithocholic acid, which, without further purification, had m. p. 178—180° (Found: C, 76-5; 
H, 10-6%), [«]??" + 37-8° (c, 0-846 in ethyl alcohol). The methyl ester had m. p. 124—125°, 
and its acetate m. p. 128—130°. The maximum yield was 5-5 g. of lithocholic acid from 
10 g. of deoxycholic acid. 


BRITISH POSTGRADUATE MEDICAL SCHOOL, LONDON. 
KAROLINSKA INSTITUTET, STOCKHOLM. [Received, January 28th, 1939.] 
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123. Studies on Vitamin E. Part VI. Synthesis of Lower 
Homologues of «-Tocopherol. 


By ANNI JACOB, MARGUERITE STEIGER, A. R. Topp, and T. S. Work. 


In continuation of the work described in Part V (J., 1938, 1382) two racemic toco- 
pherols (I; R, = R, = Me; R, = H) and (II; Ry = H; R, = R, = Me) have been 
synthesised. Satisfactory yields of these are obtained by condensing p- and o-xyloquinoj} 
monobenzoates with phytol or phytyl bromide in presence of zinc chloride. The products 
are characterised as crystalline p-nitrophenylurethanes and show biological activity 
comparable with that of 8- and -tocopherol. 


It is now generally accepted that a-tocopherol, the most active anti-sterility factor (vitamin 

E) known to occur in nature, is to be regarded as 6-hydroxy-2 : 5: 7 : 8-tetramethyl-2- 

(4’ : 8’ : 12’-trimethyltridecyl)chroman (I; 

R, CH, R, = R, = R,; = Me). Its formulation asa 

HO H, chroman rather than a coumaran derivative 

R, CMe-[CH,*CH,*CH,*CHMe],CH, is justified on the basis of certain degrad- 

(I.) ative evidence (Fernholz, J. Amer. Chem. 

° : _ Soc., 1938, 60, 700; John, Dietzel, Giinther, 

and Emte, Naturwiss., 1938, 26, 366) and by the methods used for its synthesis (Karrer, 

Salomon, and Fritzsche, Helv. Chim. Acta, 1938, 21, 520; Bergel, Copping, Jacob, Todd, 
and Work, J., 1938, 1382; Smith, Ungnade, and Pritchard, Science, 1938, 88, 37). 

The naturally occurring anti-sterility factors 8- and y-tocopherol are to be regarded as 
isomeric lower homologues of «-tocopherol bearing only two methyl groups on the aromatic 
nucleus (cf. Part V, loc. cit.), the side chain in both being the same as in «a-tocopherol 
(Emerson, J. Amer. Chem. Soc., 1938, 60, 1741). In Part V it was pointed out that three 
isomers fulfilling these conditions were possible, derived from o-, m-, and ~-xyloquinol, and 
one of these was synthesised by condensation of phytol with m-xyloquinol. The tocopherol 
had a vitamin E activity roughly comparable with those of 8- and y-tocopherol. Conse- 
quent on this observation we undertook the synthesis of the remaining isomers. Direct 
condensation of o- or #-xyloquinol with phytol or phytyl bromide was not a practicable 
method; the products were complex mixtures and separation of the pure tocopherols was 
extremely difficult. Karrer and Fritzsche (Helv. Chim. Acta, 1938, 21, 1234) recorded 
rather similar results; by direct condensation of the xyloquinols with phytol or phytyl 
bromide, followed by chromatographic analysis, they obtained vitamin E-active oils, which, 
although they gave analytical figures approximating to the calculated values for C,,H,,0,, 
were apparently impure, since the Swiss workers failed to obtain pure derivatives from them. 

Our initial approach to the synthesis of the desired substances was by condensation 
of the guinol monobenzyl ethers with phytyl bromide, since the benzyl group, which would 
prevent condensation with two phyty]l residues, could be removed subsequently by catalytic 
hydrogenation. Using this method, we obtained oils showing vitamin E activity, but the 
products were difficult to purify and the yields rather low. A further inconvenience lay in 
the fact that the benzyl ethers were difficult to prepare in good yield. A variety of methods 
were tried for their preparation, but none was really satisfactory. An interesting feature 
of the direct benzylation of p-xyloquinol was the formation of a violet-red substance, m. p. 
111—112°, as a by-product. This substance was not further investigated, but analysis and 
absorption spectrum suggest that it may be a derivative of a diquinone analogous to the 
diduroquinone of v. Pechmann (Ber., 1889, 22, 2115). 

Condensation of the monobenzoates with phytol or phytyl bromide, followed by the 
removal of benzoyl groups by hydrolysis, proved entirely satisfactory, chromatographic 
analysis of the products yielding the desired tocopherols as yellowish oils showing full 
vitamin E activity in rats at a dose of 10 mg. From both of them, crystalline p-nitro- 
phenylurethanes were readily prepared. All these synthetic tocopherols are, of course, 
racemic about carbon atom 2 in the heterocyclic ring and have not yet been resolved. 
The product from ~-xyloquinol (I; R, = R,; = Me; R, = H) shows vitamin E activity 
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in a dose of 5 mg., which corresponds to the minimum active dose of natural 8-tocopherol 
(cf. Part II, Biochem. J., 1937, 31, 2257); the minimum active dose of the others is at 
present being determined. 

John, Giinther, and Schmeil (Ber., 1938, 71, 2637) have described experiments carried 
out in the course of their efforts to synthesise a-tocopherol and simpler 6-hydroxychroman 
derivatives. We record here briefly some results of experiments, carried out early in 
1938, which more or less confirm the observations of the German workers. In an endeavour 
to synthesise 6-hydroxy-2 : 2: 5:7: 8-pentamethylchroman we condensed y-cumoquinol 
with §$-dimethylacrylyl chloride in the presence of aluminium chloride; the only crystal- 
line product was a small amount of a substance, m. p. 232°, spectroscopically unlike a chro- 
manone. Stfmilarly we failed to isolate any chromanone in a similar condensation of phy- 
tenyl chloride with y-cumoquinol. Among other unsuccessful attempts to synthesise 
a-tocopherol was an endeavour to condense 3-bromophytan l-acetate with #-cumoquinol 
in the presence of sodium ethoxide, followed by removal of the acetyl residue and ring 
closure; no pure products could be isolated. 


EXPERIMENTAL. 


p-Xyloquinol Benzyl Ethers.—p-Xyloquinol (30 g.) was dissolved in a solution of sodium 
(4-9 g.; 1 atom) in absolute alcohol (150 c.c.), benzyl chloride (27-4 g.) added, and the mixture 
refluxed for 4 hours in a nitrogen atmosphere. After dilution with ether and filtration from 
sodium chloride the solution was evaporated, and the residue dissolved in the minimum quantity 
of hot methyl alcohol. On cooling, p-*xyloguinol dibenzyl ether separated in colourless needles 
(12 g.); recrystallised from methyl alcohol, it had m. p. 130° (Found: C, 82-9; H, 6-6. 
C,,H,,O, requires C, 83-0; H, 6-9%). 

The combined methyl-alcoholic mother-liquors were evaporated, and the residue extracted 
with light petroleum (b. p. 40—60°); the extract was allowed to flow through a column of 
activated aluminium oxide (Merck), the column being then washed with more light petroleum. 
From the filtrate and washings a further amount of dibenzyl ether (2 g.) was obtained. The 
residue of the light petroleum extraction was now dissolved in benzene, filtered from p-xylo- 
quinol (5 g.), and poured through the same column as was used above. The chromatogram 
formed was washed with benzene until nothing more came through. Unchanged p-xyloquinol 
remained adsorbed and could be eluted with ether. The benzene filtrate and washings, which 
were yellow, were concentrated to small bulk and diluted with light petroleum. On standing, 
two compounds separated simultaneously, one forming warty aggregates of colourless prisms 
(A) and the other rosettes of violet-red needles (B). These were separated mechanically. 
(A) on recrystallisation from ligroin gave p-xyloquinol monobenzyl ether (3-5 g.), colourless prisms, 
m. p. 92—93° (Found: C, 78-6; H, 6-9. C,;H,,O, requires C, 78-9; H, 7-0%). (B) crystal- 
lised from nearly colourless solutions in ligroin in violet-red needles (2 g.), m. p. 111—112° 
(Found: C, 76-0; H, 6-6. C,,H,,O, requires C, 75-8; H, 66%). This substance, which was 
quite stable, dissolved in aqueous alkali to give solutions from which it was reprecipitated with 
acids, and on oxidation with chromic acid gave p-xyloquinone together with other products. 
Alcoholic solutions showed two well-marked absorption maxima at 2520 a.(E}%, = 616) and 
2920 a.(E}%, = 113) with a band of negligible persistence at about 4300 a. Variation in the 
conditions of the above experiment or the use of benzyl bromide had little effect on the yield of 
monobenzyl ether. Other methods tried included benzylation of ~-xyloquinol monobenzoate, 
use of the potassium derivative of p-xyloquinol, and partial debenzylation of the dibenzyl 
ether with aluminium chloride. 

o-Xyloquinol Benzyl Ethers.—Benzylation of o-xyloquinol (10-5 g.) in the manner described 
above yielded in similar fashion 0-xyloquinol dibenzyl ether (3-5 g.), crystallising from methyl 
alcohol in colourless needles, m. p. 109° (Found: C, 82-7; H, 6-9%), and o-*yloguinol mono- 
benzyl ether (3-5 g.), crystallising from benzene-light petroleum in colourless needles, m. p. 116° 
(Found: C, 78-5; H, 69%). No red compound was formed. 

Condensation of o-Xyloquinol Monobenzyl Ether with Phytyl Bromide.—A mixture of phytyl 
bromide (3 g.), o-xyloquinol monobenzy] ether (2 g.), anhydrous zinc chloride (2 g.), and hexane 
(50 c.c.) was gently refluxed for 2} hours in a nitrogen atmosphere, by which time evolution of 
hydrogen bromide had ceased. The product, dissolved in light petroleum (b. p. 40—60°), was 
adsorbed on a column of activated aluminium oxide (Merck), the column being washed with the 
same solvent. From the washings a small quantity of a yellow solid was obtained as well as an 
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oil. The solid separated from ligroin in yellow needles, m. p. 111° (Found : C, 82-8; H. 6-1%). 
In alcoholic solution it showed a single absorption band at 2630 a.(E}%, = 532) with a second 
band of negligible persistence at about 4450 a. 

The material adsorded on the alumina was eluted with benzene—acetone—methyl alcohol 
(8: 1: 1), hydrogenated with a palladised charcoal catalyst to remove benzyl groups, and again 
submitted to chromatographic adsorption. A brownish oil was finally obtained showing 
vitamin E activity in rats at a dose of 30 mg. On pyrolysis it gave a poor yield of 
y-cumoquinol, m. p. 165—167°, and allophanation did not give a homogeneous product. 

Condensation of p-Xyloquinol Monobenzyl Ether with Phytyl Bromide.—Condensation as 
described above gave oils showing some vitamin E activity in doses of 10 mg., but allophanation 
did not give a homogeneous product. 

p-Xyloquinol Benzoates—To a solution of p-xyloquinol (2 g.) in dry pyridine (10 c.c.), 
benzoyl chloride (3 g.; 1-5 mols.) was added, and the mixture left at room temperature for 20 
hours. The crude benzoate mixture obtained on working up was dissolved in hot methyl 
alcohol. On cooling, p-xyloquinol dibenzoate (1 g.) separated; it crystallised from methyl 
alcohol in colourless needles, m. p. 159° (Found: C, 76-5; H, 5-4. C,3H,,O0, requires C, 76-3; 
H, 5-2%). After separation of the dibenzoate the mother-liquor was evaporated; the residue, 
recrystallised from light petroleum, furnished p-xyloguinol monobenzoate (1-9 g.) in colourless 
leaflets, m. p. 162—163° (Found: C, 74-7; H, 5-6. C,,;H,,O, requires C, 74-4; H, 5-8%). 

o-Xyloquinol Benzoates.—Benzoylated as above described, o-xyloquinol yielded a dibenzoate, 
m. p. 182° after recrystallisation from acetone—methyl alcohol (Found: C, 76-2; H, 5-3%), 
and a monobenzoate, m. p. 174—175° after recrystallisation from acetone—light petroleum 
(Found: C, 74-4; H, 5-9%). 

p-Xyloquinol Acetates.—Acetylation of p-xyloquinol in pyridine solution with acetic anhy- 
dride (1-5 mols.) gave the diacetate, m. p. 135° (Found: C, 64-9; H, 6-4. Calc. for C,,H,,0, : 
C, 64:9; H, 63%), and the monoacetate, m. p. 117° (Found: C, 66-4; H, 6-5. C, H,,0, 
requires C, 66-7; H, 6-7%); the yield of the latter was, however, poor. 

Condensation of p-Xyloquinol Monobenzoate with Phytol.—A mixture of the monobenzoate 
(2-3 g.), phytol (3 g.), anhydrous zinc chloride (1-5 g.), and decalin (25 c.c.) was heated at 170° 
in an oil-bath for 2} hours, cooled, and diluted with light petroleum (b. p. 40—60°). After 
several hours the solution was filtered. From the filter residue, after removal of zinc chloride, 
unchanged monobenzoate (1-4 g.) was recovered. ‘The filtrate was evaporated, the decalin 
removed in a vacuum, and the oily residue hydrolysed by refluxing for 2 hours in a hydrogen 
atmosphere with methyl-alcoholic potassium hydroxide (25 c.c. of 5%). The solution was 
cooled and extracted with ether, and the extract dried over sodium sulphate and evaporated. 
The residual oil was dissolved in light petroleum (b. p. 40—60°) and allowed to flow through 
a column of activated aluminium oxide (Merck), the chromatogram being developed with ben- 
zene until nothing further came through. Evaporation of the filtrate gave a quantity of yellow- 
ish-brown oil having no reducing properties; it probably consisted of aliphatic material. The 
narrow brownish layer at the top of the column was discarded and the remainder, which was 
approximately uniform in colour save for a yellowish ring near the base, was cut into three 
parts of equal length. These were separately eluted with acetone. The lowest layer yielded 
an oil which had no reducing properties and was therefore not further examined. The top and 
the middle layer yielded respectively 450 mg. and 500 mg. of crude tocopherol, which reduced 
neutral silver nitrate solution on warming and gave a yellow colour with concentrated sulphuric— 
glacial acetic acids. On pyrolysis at about 350° they yielded ~-cumoquinol, which was identi- 
fied by m. p. and mixed m. p. 

When phytyl bromide was substituted for phytol in the above experiment, and the condens- 
ation carried out by refluxing a mixture of the reactants with light petroleum (b. p. 80—100°) 
for 5 hours, similar results were obtained. The crude tocopherol obtained in these experiments 
showed full vitamin E activity in rats at a dose of 10 mg.; it was not analysed, but converted 
directly into the p-nitrophenylurethane. The oil (450 mg.) was heated at 90—100° during 1 
hour with p-nitrophenyl isocyanate (0-5 g.) in a nitrogen atmosphere. The mixture was cooled, 
diluted with acetone containing a drop of water to destroy any isocyanate, and left for an hour 
or two. The mixture was now evaporated, and the urethane extracted from the residue with 
light petroleum (b. p. 40—60°). The extract gave on evaporation a crystalline product (550 mg.) 
still contaminated with p-nitroaniline. This could be removed either by crystallisation from 
methyl alcohol or by absorption from light petroleum solution on a short column of aluminium 
oxide; when the column was washed with benzene, the urethane was eluted much more rapidly 
than the amine. Recrystallised from methyl alcohol, the p-nitrophenylurethane of tocopherol 
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(I; Ry =R,=Me; R, = H) [6-hydroxy-2: 5: 8-trimethyl-2-(4’ : 8’ : 12’-trimethyltridecyl)- 
chroman] was obtained in globular aggregates of colourless crystals (450 mg.), m. p. 111—112° 
(Found: C, 72-5; H, 9-0; N, 4-9. C,,;H,,0,N, requires C, 72-4; H, 9-0; N, 48%). In 
alcoholic solution the absorption spectrum showed a maximum at 3160 a.(e mol., ca. 16000) 
and a minimum at 2500 a. 

Hydrolysis of the ester (100 mg.) with 5% methyl-alcoholic potassium hydroxide yielded 
the pure tocopherol as a slightly yellowish oil (58 mg.) corresponding closely in chemical 
behaviour to natural 8-tocopherol. In alcoholic solution its absorption spectrum showed a 
maximum at 2960 a.(e mol., ca. 3600) and a minimum at 2580 a. It showed full vitamin E 
activity when tested in rats in doses of 5 mg. 

Condensation of o-Xyloquinol Monobenzoate with Phytyl Bromide.—The ester (3-2 g.), phytyl 
bromide (4-8 g.), and anhydrous zinc chloride (2 g.) were refluxed in dry benzene (30 c.c.) for 
3 hours in a hydrogen atmosphere, by which time evolution of hydrogen bromide had ceased. 
The mixture was diluted with ether, and the solution decanted, washed, dried, and evaporated. 
The residue was completely soluble in light petroleum, i.e., contained no unchanged o-xyloquinol 
monobenzoate. The product was subjected to the same process of hydrolysis and chromato- 
graphic analysis as in the previous experiment. The crude tocopherol (1-2 g.) was a yellowish 
oil showing full vitamin E activity in rats at a dose of 10 mg. It reduced neutral silver nitrate 
solution on warming, gave a yellow colour with concentrated sulphuric-glacial acetic acids, and 
on pyrolysis at about 350° yielded y-cumoquinol, identified by m. p. and mixed m. p. Heated 
with p-nitrophenyl isocyanate either alone or in benzene solution, the product gave the 
p-nitrophenylurethane of the tocopherol (I; R, =H; R, = R; = Me) [6-hydroxy-2:7: 8- 
trimethyl-2-(4’ : 8’ : 12’-trimethyltridecyl)chroman]. Recrystallised from methyl alcohol, the 
ester had m. p. 100° (Found : C, 72-6; H, 9-1; N, 48%). In alcoholic solution the absorption 
spectrum showed a maximum at 3130 a.(e mol., ca. 13000) and a minimum at 2530 a. Hydro- 
lysis with 5% methyl-alcoholic potassium hydroxide yielded the pure tocopherol as a slightly 
yellowish oil corresponding closely in chemical behaviour to natural £-tocopherol. Alcoholic 
solutions showed an absorption maximum at 2970 a. (e mol., ca. 3400) and a minimum at 2640 a. 
Tests are in progress to determine the minimum active dose of this product. 

p-Nitrophenylurethane of Tocopherol from m-Xyloquinol and Phytol.—The crude tocopherol 


(I; R, = R, = Me; R, =H) [6-hydroxy-2: 5: 7-trimethyl-2-(4’ : 8’ : 12’-trimethyltridecy]l)- 
chroman], prepared by condensing m-xyloquinol with phytol (Part V, J., 1938, 1382) and bio- 
logically active in a dose of 10 mg., was heated with p-nitrophenyl isocyanate, and the product 
worked up as above described. The p-nitrophenylurethane had m. p. 89° after recrystallisation 
from methyl alcohol (Found : C, 72-4; H, 8-9; N, 50%). In alcoholic solution the absorption 
spectrum showed a maximum at 3160 a. (¢ mol., ca. 18000) and a minimum at 2520 a. 


The biological tests were carried out at the Lister Institute by Miss A. M. Copping (M.R.C. 
grantee), to whom we are indebted. We have also to thank Messrs. Hoffmann La Roche and 
Company for generous gifts of material. 

(Note added, February 27th, 1939.) Since the above was written a paper by Karrer and 
Fritzsche (Helv. Chim. Acta, 1939, 22, 260) has appeared in which the authors describe deriv- 
atives of products obtained by direct condensation of m- and -xyloquinol with phytol or phytyl 
bromide. The data given for one of these (p-nitrophenylurethane of I; R, = R, = Me, R, = 
H) are in good agreement with our own, but their p-nitrophenylurethane of (I; R, = R, = Me, 

2 = H) is apparently impure, since it melts some 20° lower than the corresponding material 
prepared by us via the benzoate. In view of this fact the argument advanced by these workers 
for the disposition of methyl groups in 8-tocopherol is hardly conclusive. 

In biological tests now in progress on our product (I; R, = R, = Me, R, =H) from m- 
xyloquinol, positive results have been obtained at a dosage as low as 3 mg., i.e., the substance 
seems to have an activity approaching that of a-tocopherol. We are therefore unable to agree 
with the statement of Karrer and Fritzsche (loc. cit., p. 261) that the synthetic isomers of £- 
tocopherol are three to four times less active than a-tocopherol. Their statements on constitu- 
tional specificity must be accepted with considerable reserve, since their biological tests have 
not been carried out with material regenerated from pure derivatives. 


LisTER INSTITUTE, LONDON. 
THE UNIVERSITY, MANCHESTER. [Received, January 26th, 1939.] 
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124. The Depolarisation Potentials of Phenyl Alkyl Ketones in Acid, 
Neutral, and Basic Media at the Dropping-mercury Cathode. 


By W. Cute Davis and Davip P. EvANs. 


The depolarisation potentials of some phenyl alkyl ketones in acid, neutral, and 
basic media have been measured by the polarographic method of Heyrovsky. The 
polarograms indicate that the depolarisation potentials are smaller (less negative) 
in solutions of low pg than in neutral and alkaline solutions. As the length of the 
n-alkyl chain increases, the depolarisation potential of the ketone in a basic medium 
rises, and secondary alkyl groups have a larger effect in the same direction. In acid 
solution the depolarisation potentials vary irregularly. A study has been made of 
the heights of the waves given by acetophenone in solution in lithium hydroxide, and 
by both hydrion and acetophenone in solutions of constant hydrochloric acid 
concentration containing varying amounts of acetophenone. 


Tue depolarisation potential * of acetophenone has been measured by several investigators 
using Heyrovsky’s polarographic method. Shikata and Tachi (Mem. Coll. Agric. Kyoto, 
1930, 8, 1) noted that it varied with the pq of the medium, Winkel and Proske (Ber., 1936, 


TABLE I. 


Depolarisation Potentials of Acetophenone. 


Anode potential, volts. Corrected 
Expt. m/20-COPhMe, wv/10-LiCl, Cell potential, —- - ~ depolarisation 
oO. c.c. c.c. volts. obs. potential, volts. 
— 1-65 0-008 —1-31 
— 1-66 0-012 ° —1-31 
— 1-66 0-011 ° —1-31 
— 1-67 0-012 , — 1-32 
— 1-67 6-030 3 —1-30 
—1-71 0-040 : — 1-33 
— 1-67 0-011 . — 1-32 
—1-70 —0-003 : — 1:37 





SSEEweaanee 
SSSSSSou 


*?* 


N 
1 
2 
3 
4 
5 
6 
7 
8 


—1-41 — 0-246 . — 1-32 
— 1-42 — 0-246 . — 1-33 
—1-38 —0-260 . — 1-30 
— 1-42 — 0-235 — 1-32 
—1-37 —0-273 , —1-31 

— 0-268 , —1-35 

Corrected 
m /20- / Cell Anode potential, volts, depolarisation 

co e, i potential, - —~ potential, 
volts. obs. ° volts. 
—1-18 0-010 : —0-83 
—1+15 0-008 } —0-81 
—1-15 0-008 : —0-81 
—1-15 0-005 ° —0-81 
—1-14 0-004 ; —0-80 
—1-14 0-000 —0-80 
—1-18 0-035 ; —0-81 
—1-15 0-003 : —0-81 
—1:17 —0-009 —0-84 


* m/20-Acetophenone in 50% alcohol. ¢ n/50-LiC1. ¢ n/50-LiOH. 
§ With addition of 10 c.c. of alcohol. 


69, 693) measured it in N/10-ammonium and -lithium chloride, and Adkins and Cox (/. 
Amer. Chem. Soc., 1938, 60, 1151) also recorded a value with ammonium chloride as added 


* This refers to the potential of the mercury cathode at which the irreversible reduction of the 
depolariser takes place, and might be compared with the “ apparent reduction potential ” of Conant 
and Lutz (J. Amer. Chem. Soc., 1923, 45, 1047) for irreversible systems. It should not be confused 
with the potential as obtains in, e.g., the reversible system benzoquinone-quinol (Conant and Fieser, 
ibid., p. 2194). 
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electrolyte, but did not exactly specify the conditions. At the outset of the present work 
it was found that the depolarisation potential of acetophenone has the same value in 
lithium hydroxide as in lithium chloride solution, but in (hydrochloric) acid solution the 
value is appreciably lower. Several experiments have now been carried out to confirm 
and extend this observation (Table I). Whilst these were in progress, Adkins and Cox 
published an extensive table of depolarisation potentials of aldehydes and ketones in 
ammonium chloride and in tetramethylammonium hydroxide solution, which included 
values for ”- and iso-butyrophenones. Their results showed that there were only small 
differences in the reduction potentials of these ketones. They did not attach significance 
to differences of less than 0-1 volt, but since our method affords depolarisation potentials 
reproducible to 0-01 volt and we have employed fully standardised conditions, it is con- 
sidered that real significance can be accorded to much smaller differences than 0-1 volt 
in depolarisation potentials. Table II summarises our results. 


TABLE II, 


Depolarisation Potentials of Phenyl Alkyl Ketones. 


Anode potential, volts, Corrected 
Rin Cell potential, r- ~, depolarisation Ground 
R:-COPh. volts. obs. corr. potential, volts. electrolyte. 
Me - — 1-67 0-011 0-347 — 1-32) 
Et — 1-67, 0-009 0-345 — 1-33 
Me —1-70 —0-003 0-333 — 1-37 
Et —1-73 —0-008 0-328 —1-40 
Pre —1-74 — 0-003 0-333 —1-41 
Pr8 —1-77 — 0-002 0-334 —1-44 
Bus —1-72 — 0-003 0-333 —1-39) 
Me —1-37 —0-273 0-063 —1-31) 
Et —1-43 — 0-244 0-092 — 1-34 
— 1-42 — 0-268 0-068 — 1-35 
— 1-46 — 0-246 0-090 —1-37 
— 1-46 — 0-238 0-098 — 1-36 
—1-51 —0-244 0-092 — 1-42 
—1-47 —0-244 0-092 — 1-38) 
—1-15 0-003 0-339 —0-81) 
—1-21 0-004 0-340 — 0-87 
—1-17 — 0-009 0-327 —0-84 
—1-24 —0-012 0-324 —0-92} LiCl + HCl 
—1-18 —0-008 0-328 — 0-85 
— 1-22 —0-010 0-326 —0-89 
—1-15 —0-010 0-326 — 0-82) 


Solutions.—The test solutions were made up from 5 c.c. of m/20-ketone solutions with additions as 
follows : 








Expt. No. Additions. 


land 2 25 c.c. of n/10-LiCI1. 
3—7 10 c.c. of N/10-LiCl + 10 c.c. of EtOH. 
8 and 9 25 c.c. of N/10-LiOH. 
10—14 10 c.c. of N/10-LiOH + 10 c.c. of EtOH. 
15 and 16 25c.c. of n/10-LiCl + 2 c.c. of n/10-HC1. 
17—21 10 c.c. of N/10-LiCl + 2 c.c. of N/10-HCl + 10 c.c. of EtOH. 


* The m/20-ketone solutions were made up in 50% alcohol-water; therefore, in these experiments 
the medium contained approximately 8% of alcohol, and in the others it consisted of 50% alcohol. 
Hydrogen was passed through the cell in every case for about 20 minutes in order to remove oxygen. 


The electro-reductions of ketones are irreversible processes, so that doubt might be 
cast on the validity of comparing the numerical values of the depolarisation potentials 
of different ketones. The trend of the present results fits fairly well with what would be 
expected from structure, and the results of other polarographic investigations of large 
numbers of compounds in similar irreversible systems lead to the same conclusion (Semerano 
and Chisini, Gazzetta, 1933, 68, 802; Winkel and Proske, loc. cit.; Ber., 1936, 69, 1917; 
Angew. Chem., 1937, 50, 18; Breyer, Ber., 1938, 71, 163; Adkins and Cox, loc. cit. ; 
Shikata and Tachi, Coll. Czech. Chem. Comm., 1938, 10, 368). It seems to be a general 
rule, therefore, that the depolarisation potential of such substances varies with structure 
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and substituents in a manner which can be predicted, at least qualitatively, from a know- 
ledge of the electronic effects of such substituents. 


EXPERIMENTAL. 


The polarographic method consists essentially in applying a continuously increasing potential 
to a cell which has a pool of mercury as anode, mercury dropping from a capillary as cathode, 
and containing the substance being investigated, in this case the ketone, dissolved in a ground 
solution which contains an excess of an electrolyte (compare Glasstone, “‘ The Electrochemistry 
of Solutions,”” London, 1930, p. 404). The current flowing through the cell is recorded in our 
instrument, made by Messrs. E. Leybolds Nachfolger A.-G., K6ln—Bayenthal, on photographic 
paper. Polarograms of the type shown in Fig. 1 result. 


Fre. 1. 


(a) @) (c) 














16 70 V5 
Potentia/, volts. 


(Oxygen was removed in each case by passing hydrogen through the cell for 20 minutes.) 

(a) 5 C.c. of M/20-acetophenone (in 50% alcohol) and 25 c.c. of N/10-lithium chloride, 
Galvanometer sensitivity, 1/100. 

(b) Solution as in (a), but with addition of 2 c.c. of N/10-hydrochloric acid. 
Galvanometer sensitivity, 1/200. 

(c) 5 C.c. of m/20-acetophenone (in 50% alcohol) and 25 c.c. of N/10-lithium hydroxide. 
Galvanometer sensitivity, 1/75. 





When the potential across the cell reaches the characteristic value associated with any 
reducible substance present, there is a rapid increase in the current, which finally reaches a more 
or less constant value (the saturation current). When the characteristic potential associated 
with another reducible substance is reached, a similar “‘ step ’’ or wave in the curve will result. 
The potential at which the “ step ’”’ commences is variously known as the reduction, deposition, 
or depolarisation potential, and the height of the “ step ’”’ is termed the wave height. The 
potential is defined in different ways by various authors. Shikata and Tachi use the method 
in which it is defined as the potential where the current increase reaches a definite value 
(1-9 x 10° amp. per mv.). Heyrovsky and Ilkovié (Coll. Czech. Chem. Comm., 1935, 7, 198) 
recommend the use of the half-wave potential; this method has the advantage that it gives a 
value which is independent of the concentration of the reducible substance, but it is not readily 
applicable always, especially in cases where the head of the wave has a shape as in Fig. 1(a). 
We have used Winkel and Proske’s method, originally employed by Heyrovsky. Reference 
to Fig. 1(a) will indicate the method adopted to determine the depolarisation potential. The 
potential between the anode and cathode corresponding with the point B (called hereafter the 
cell potential) where the lines AB and CB intersect is read off from the polarogram, and the 
anode potential is added; the resulting value is the depolarisation potential. Small changes 
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in the concentration of acetophenone have little effect on the depolarisation potential as measured 
by this method (see Table I, Nos. 1,2, and 3). The anode potential is measured against a calomel 
electrode, and consequently the depolarisation potentials are expressed with respect to the 
saturated, normal, or decinormal calomel electrode potentials as zero. This is a source of in- 
convenience in comparing the results of different workers, and it seems advisable to refer all 
depolarisation potentials to the normal hydrogen electrode potential, E}, as arbitrary zero. 
This procedure has been adopted in the present work. 

In Tables I and II, the heading “‘ Cell potential ’’ records the potential difference between 
the anode and the cathode of the cell of the polarograph at the point B on the polarogram, 
and under the heading ‘‘ Anode potential, obs.’”’ the anode potentials are recorded referred to 
the n/10-calomel electrode potential as zero. The E.M.F. of the cell, anode—calomel electrode, 
was found by means of a valve electrometer potentiometer. The corrected anode potentials 
given in the next column were evaluated from the expression 


corrected anode potential = 0-336 + observed anode potential 


and the corrected depolarisation potentials in the last column were calculated from the equation 
corrected depolarisation potential = observed cell potential at B + corrected anode potential. 
The values thus obtained are referred to the more general datum E} = 0. 
In Table I, col. 2 refers to the volume of an m/20-solution of acetophenone in 25% alcohol. 
Relation between the Concentration of Acetophenone and Wave Height in Solutions of the Ketone 
in Lithium Hydroxide Solution.—When lithium hydroxide is employed as the ground electrolyte, 





Fre. 2. 


The wave heights are referred to a galvanome ter 
sensitivity of 1/200. Test solutions: 10 c.c. of N/10- 
lithium chloride, 2 c.c. of N/10-hydrochloric acid, n c.c. 
of M/20-acetophenone (tn 50% alcohol) and alcohol to 
bring the total amount of alcohol equal to 5 c.c. in each 
case, diluted to 25 c.c. with water. 
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25 r 75 10 
C.c. of M/20-acetophenone. 


the head of the wave due to acetophenone in the polarogram is almost horizontal, so the measure- 
ment of the wave height is rendered simpler than in, e.g., lithium chloride solution where the 
head of the wave tends to curve upwards [compare Figs. l(a) and Il(c)]. The wave height 
varies linearly with the concentration of acetophenone as shown below : 


[Ketone], g.-mols./l. x 10° 4 6 8 10 
Wave height, mm. 109 159 216 258 
Wave height /[ketone] 27. 27 27 26 





°0 


In this table the wave heights are referred to a galvanometer sensitivity of 1/20. The test 
solutions were made by adding the requisite volume of m/20-acetophenone in 50% alcohol to 
10 c.c. of N/10-lithium hydroxide, adding an amount of alcohol so that the total volume of 
alcohol (including that in the ketone solution) was 2-5 c.c., and finally diluting to 25 c.c. with 
water. An open beaker may be used as cell, since it is not necessary, in this case, to remove 
oxygen by passage of hydrogen or nitrogen. In the most dilute solution, however, where the 
greatest galvanometer sensitivity is employed, the measurement of the polarogram is facilitated 
by passing hydrogen and thereby eliminating the oxygen wave, which comes immediately 
before the acetophenone wave. Such a standardisation may be used for determining the con- 
centration of acetophenone in an unknown solution, provided that the conditions of the ex- 
periment are kept the same. This refers especially to the capillary of the dropping-mercury 
cathode, the distances between the light source, galvanometer, and camera, and to some extent 
to the relative proportions of alcohol and lithium hydroxide. 

The Reduction Potential of Hydrogen Ion and the Effect of the Addition of Acetophenone to an 
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Acid Medium.—A ground solution of 25 c.c. of n/10-lithium chloride to which portions of about 
2—5 c.c. of n/10-hydrochloric acid had been added gave waves for hydrion from which the cell 
potential was found to be — 1-53 to — 1-54 volts (corrected potential = — 1-18 to — 1-19 volts). 
The addition of acetophenone hardly affected this cell potential. When acetophenone is added 
in successive portions to a ground solution of lithium chloride and a constant amount of hydro- 
chloric acid, the wave height due to acetophenone is proportional to the concentration of ketone. 
On the other hand, the wave height due to hydrogen ion decreases linearly in such a way that 
the sum of the wave heights due to acetophenone and hydrion in any solution is constant (Fig. 2). 

A ground solution of lithium chloride to which successive amounts of hydrochloric acid are 
added gives results which show that the wave heights vary linearly with the concentration 
of hydrogen ion (see Table ITT). 


TABLE III. 
[H+], g.-ions/l. x 108 8 12 16 * 20 
WHORES BRIG, GRU, . cre ccicecossctscesssnens 152 257 360 480 
Wave height /([H+] — +) 23-4 24-3 24-8 25-9 
(* = value of intercept on [H+] axis, viz., 0-0015 g.-ion/l1.) 
The wave heights are referred to a galvanometer sensitivity of 1/100. Test solutions: 10 c.c. of 
n/10-lithium chloride, 2 c.c. of alcohol, and m c.c. of N/10-hydrochloric acid diluted to 25 c.c. with 


water. 


In the polarograms from which the results in Table III were obtained there is a tendency 
for a current maximum (Hohn, “ Chemische Analysen mit dem Polarographen,” Berlin, 1937, 
p. 5) to occur before the normal saturation current is reached, especially in solutions containing 
larger amounts of hydrochloric acid. A well-defined current maximum appears in the hydrogen- 
ion wave when the experiment (marked * in Table III) using 4 c.c. of hydrochloric acid was 
repeated with the addition of a further 2 c.c. of alcohol. 

The height, A [Fig. 1(c)], is a measure of the saturation current for the reaction concerned, 
and depends upon the rate of transfer of electrons from the cathode, and therefore upon the 
rate of reduction of the substance undergoing reaction. The greater the number of molecules 
in the vicinity of the cathode, the greater is the rate of reduction, and the current therefore 
increases with increasing concentration of reducible substance present in solution. Borcherdt, 
Meloche, and Adkins (J. Amer. Chem. Soc., 1937, 59, 2171) have shown that the wave height 
for a particular ketone is directly proportional to its concentration, an observation which is 
confirmed by our results for acetophenone in lithium hydroxide solution, and in lithium chloride 
solution containing hydrochloric acid. A linear relation also exists between the heights of the 
hydrogen-ion waves and the concentration of hydrion in solutions of hydrochloric acid con- 
taining lithium chloride as ground electrolyte. 

The wave height due to hydrogen ion in solutions containing no ketone is a measure of the 
maximum rate (corresponding with the concentration) of reduction of hydrogen ion by the 


reaction 
gt DO re ae eee ae 


which occurs at the cathode when the applied potential (corrected for the anode potential) 
reaches the reduction potential of hydrion (— 1-18 volt). This maximum rate varies with the 
hydrogen-ion concentration as shown in Table III. The fall in the wave height due to hydrogen 
ion on adding acetophenone to hydrochloric acid (Fig. 2) therefore indicates that the rate of 
reduction of hydrions by reaction (a) is steadily decreased. The reduction of acetophenone 
(which, of course, continues concurrently with that of hydrogen ion at the higher potentials) 
requires a definite amount of hydrogen ion for the reaction 


COR, + 2H++%e=CHR,OH ....... @® 


to proceed at the cathode. The remainder only is available for reduction to hydrogen. More- 
over, since the rate at which hydrogen ion is used up in reaction (b) is equal to the rate of reduction 
of ketone, then, as the ketone concentration increases the amount of hydrogen ion available 
for reduction to hydrogen steadily decreases. Briefly we may write 


Li = K{{H*), — [ketone]} = constant — K[ketone] 
where Lf represents the wave height due to hydrogen ion, [H*], the total concentration of 
hydrogen ion, and K is a numerical constant. This expression shows that the plot of hydrion- 
wave heights against the concentration of ketone should be linear with a negative slope, as 
found in Fig. 2. 





[1939] Phenyl Alkyl Ketones in Acid, etc. 551 


The ketones employed were prepared and purified by the methods described by Evans 
(J., 1936, 785) and Evans and Gordon (J., 1938, 1434). 


DISCUSSION. 


Our result for the depolarisation potential of acetophenone in lithium chloride solution 
(— 1-31 volts) agrees very well with that of Winkel and Proske (loc. cit.) which when 
referred to E} = 0 is — 1-32 volts. This affords strong evidence for the applicability of 
this method of evaluating the depolarisation potentials obtained by the polarographic 
method. 

It will be seen from Table I that the depolarisation potential of acetophenone in neutral 
and in basic media is almost independent of the concentration of ketone, salt, alcohol, or 
hydrion within the limits studied. In experiments 8 and 14, however, the presence of 
approximately 50% alcohol increases the depolarisation potential slightly. The similarity 
of the depolarisation potentials in lithium chloride and hydroxide solution is possibly to 
be expected, since, if the reduction process is accompanied by liberation of hydroxyl 
ions, in lithium chloride solution the medium in the neighbourhood of the mercury drops 
will become alkaline (owing to the unbuffered character of the solution). As a result, 
however, of the constant renewal of the cathode surface and the agitation of the liquid 
by the falling drops, it is not expected that the alkalinity developed would be as great as 
in lithium hydroxide solution. Work is being continued on this aspect of the problem. 

When the #g is decreased considerably by addition of hydrochloric acid, the depolaris- 
ation potential falls from the mean value of — 1-31 to — 0-81 volt.* The fall is similar 
to that of the potential of the reversible hydrogen electrode with change of fg from 10 to 1 
and may be expressed by 


D.P. = — 0-058 ty — k 


where & is the difference in potential of the reversible hydrogen electrode and that of the 
mercury cathode at which reduction of ketone occurs, both electrodes being in the same 
solution. 

A mechanism for the electrolytic reduction of acetone was recently put forward by 
Semerano (Gazzetta, 1932, 62, 983; compare Miiller, Z. Elektrochem., 1927, 38, 255) in 
which it was assumed that the initial stage consisted in the addition of water to give the 
dihydroxy-compound CMe,(OH),, which, at the surface of the cathode, lost one hydroxyl 


- 
group and gained two electrons to give the negative ion CMe,-OH. The formation of the 
several products of reduction, viz., isopropyl alcohol, pinacol, and propane was then 
represented by the following schemes : 


x CHMe,°OH 
CMe,——CMe, 


H H 


2H* 


CMe,< + OH- —-*> CH,Me, 


Winkel and Proske and Adkins and Cox (locc. cit.) state that the depolarisation potential 
of acetone and aliphatic ketones cannot be measured with the polarograph since they do 
not give typical polarograms. The latter authors suggest that the depolarisation potential 
of acetone is approximately — 2-2 volts, which may account for the difficulty obtained 
in the polarographic measurement. Aliphatic aldehydes, however, give typical curves, 
and the same applies to acetophenone, benzaldehyde, and benzophenone. Moreover, 


* After this paper was submitted, we noticed that of Winkel and Proske (Ber., 1938, 71, 1785), 
which records similar results for the influence of pg on the depolarisation potentials of a number of 
ketones. The variation of the depolarisation potential with py is, however, not linear. It is suggested 
that the effective reducing agent is metal in alkaline solution and hydrogen in acid. Our views on the 
cause of the change in depolarisation potential with py are given in the text. 
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the depolarisation potentials fall in the order given in the following table, taken from the 
results of Winkel and Proske and Adkins and Cox. 


Depolarisation potentials (volts). 


Winkel and Proske. Adkins and Cox. 
Compound. (In NH,C1.) (In NMe,OH.) 
— ca. —2-2 


Acetaldehyde — 1-60 — 1-87 
Acetophenone —1-44 —1-52 
Benzaldehyde —1-25 — 1-34 
Benzophenone —1-23 —1-35 
Chloroacetone —1-13 —_ 


It is evident that{on replacement of R in CR,O by an atom or group which is less electron 
repulsive (or more electron attractive) the depolarisation potential of the carbonyl com- 
pound is continuously decreased. 

Practically identical wave heights for ketone are obtained in acid, neutral, or alkaline 
media containing the same concentration of ketone. This observation, coupled with 
Winkel and Proske’s calculation, based on Faust’s rule (Ber., 1936, 69, 705), indicates that 
in any of these solutions each molecule of ketone requires two hydrogen atoms for reduc- 
tion, and that the principal product of reduction, therefore, is secondary alcohol. It might 
be noted that the Miiller-Semerano reduction mechanism, in which the ketone hydrate 
is the substance reduced at the cathode, would only require one hydrogen atom to give 
the secondary alcohol. We, therefore, tentatively suggest the following alternative 
mechanisms for reduction, the second being more probable in alkaline solution. 

(A) The primary process consists in the attraction of the ketone molecule towards 
the cathode, the positive end of the ketone dipole (t.e., carbonyl carbon) being the attracted 


(™ ® © 
centre. This attraction initiates the electromeric change )C—O ——> )C—O, which is 
completed (whilst the ketone is attached to the cathode) by the addition of a hydrogen 
ion to carbonyl oxygen. The positively charged complex then takes on two electrons 


9 
from the cathode to yield the negative ion CR,*OH, which immediately combines with a 
hydrogen ion to yield the secondary alcohol : 


(x + a % 9 Ht 
CR,—O + H —>»CR,—OH—>CR,—OH — CHR,’OH 
M~ M- M~ 
This scheme is very similar to that put forward by Burton and Ingold (J., 1929, 2022) 
for the reduction of olefinic compounds by sodium amalgam, viz., 


(Xx @ % 98 Ht 
»C=—C + Ht —> >C—CH< —> )>C—CH< —> )CH—CHXK¢ 


and the possibility of addition of hydrogen ion to carbonyl oxygen has been visualised 
by several authors. 


The possibility of an equilibrium of the type cR,L6 a i = ER,-OH must not be 
overlooked, since the positive complex, if formed in solution, would readily be attracted 
to the cathode. The absence of any measurable amount of this positive complex was 
proved by the fact that the J, of an n/100-hydrochloric acid solution in aqueous methyl 
alcohol (measured by means of a glass electrode) was the same as that of a similar solution 
containing 0-066 g.-mol./l. of acetophenone. This would indicate that, as mentioned 
above, in the electro-reduction the substance primarily attracted to the cathode is the 
ketone and not the positive complex. 

(B) The primary process is again assumed to be the attraction of the ketone towards 
the cathode, with initiation of the change from carbonyl to semipolar form. If there is 
a plentiful supply of hydroxyl ions near the cathode, one of them may form a bond with 


the positive carbon to yield the negative complex ion CR,(OH)-0. If this entity has 
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sufficient energy, it may then extract a hydrogen ion from water to yield the dihydroxy- 
compound CR,(OH), (compare Semerano’s mechanism) : 


ay 
CR,—0 + OH—>C 


M- 


Thus, two hydroxyl ions are given to the solution and two electrons are taken from the 
cathode. In (A) a similar state of electrical affairs exists, two hydrogen ions being taken 
from solution and two electrons from the cathode. Scheme (B) is similar to Semerano’s 
except that (a) the primary process is assumed to be the attraction of ketone to the cathode 
with subsequent addition of hydroxyl ion, and (b) the necessity for dissociation of water 
molecules is made more apparent. 

Some evidence in favour of these mechanisms is given below. 

With regard to the depolarisation potentials of the phenyl alkyl ketones, CPhRO, the 
most interesting observations in the present work are (a) the gradual, but regular, trend 
towards higher depolarisation potentials in alkaline and neutral solution (containing 50% 
alcohol) as the length of the m-alkyl chain increases, (6) that under these conditions iso- 
butyrophenone has the highest depolarisation potential, and (c) that in the acid solutions 
there is some irregularity, the depolarisation potential of propiophenone being particularly 
high compared with the neighbouring phenyl -alkyl ketones, that of <sobutyrophenone 
slightly lower, whilst the depolarisation potentials of acetophenone, u-butyro- and n- 
valero-phenone are almost the same, that of the last being the smallest. 

The value of the depolarisation potential of an acetophenone derivative is influenced 
by the polar effect of the substituent. For instance, the results of Winkel and Proske 
(loc. cit.) for the depolarisation potentials of acetophenone, #-methyl- and #-chloro-aceto- 
phenone in lithium chloride solution (referred to Ef = 0) are — 1-32, — 1-38, and — 1-28 
volts, respectively. These, together with other results (see Adkins and Cox, loc. cit.), 
indicate that the electro-reduction of carbonyl compounds in slightly acid, neutral, or 
basic media is facilitated (i.e., the potential is made smaller) by electron recession from 
the seat of reaction. We therefore conclude that as the m-alkyl chain, R in R-COPh, 
becomes longer the depolarisation potentials of the ketones in basic media should rise 
gradually owing to the increasing + J effect of the alkyl group, which would resist both 
the approach of the ketone to the cathode and the addition of hydroxyl ion at carbonyl 
carbon. Secondary alkyl groups should have a larger effect upon the depolarisation 
potential than primary alkyl groups (compare the values of the activation energies for the 
base-catalysed prototropy of the same ketones; Evans and Gordon, Joc. cit.). The results 
recorded in the first two sections of Table IT are, therefore, to be anticipated. The similar 
trend in the activation energies, E, for the base-catalysed prototropy of these ketones (in 
aqueous acetic acid) and their depolarisation potentials (D.P.) in basic media is indicated 
in the following table. 

R in R-COPh Et Pre Pr8 Bue 
D.P., volts (basic medium) —1-37 — 1-36 — 1-42 — 1-38 
E (base-catalysed prototropy), cals. ......... 19,400 19,900 20,200 20,900 20,100 

The changes in activation energies for the base-catalysed prototropy of these ketones 
were interpreted on the basis of the inductive effects of the alkyl substituents and the 
formation of an “ activated complex ’’ between the ketone and anion catalyst, and it 
seems likely that the changes in depolarisation potential in the series of phenyl alkyl 
ketones in basic media may be similarly explained. 

There also exists a similarity in the trend of the depolarisation potentials of these 
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ketones in acid solution and that of the activation energies for their acid-catalysed proto- 
tropy (Evans, J., 1936, 785). 

R in R-COPh : Et Pre Prf Bue 

D.P., volts (acid medium) . —0-92 — 0-85 —0-89 — 0-82 

E (acid-catalysed prototropy), cals. 22,100 22,000 22,100 21,700 

In both E and the depolarisation potential there is a large increase in passing from 

acetophenone to propiophenone, with a subsequent fall on proceeding to higher n-alkyl 
derivatives. The equality of the E values for propio- and ssobutyro-phenone which 
indicates the operation of the Baker and Nathan effect (J., 1935, 1844; see Evans and 
Gordon, loc. cit.) is paralleled by the similarity of their depolarisation potentials in acid 
medium. The surprisingly large increase in E for the acid-catalysed prototropy on chang- 
ing R from Me to Et was interpreted as being due to hydrogen-bond formation between 
8-methyl and carbonyl oxygen in the activated complex between ketone and catalyst, 
the inductive effect of the additional methyl group being too small (and in the wrong 
direction) to account for such a large increase in E. The similar trend of the depolaris- 
ation potentials appears to point to an analogous explanation for the high depolarisation 
potential of propiophenone; 7.e., during the approach of the hydrogen ion to the ketone 
[mechanism (A), p. 552] a hydrogen bond is formed as indicated by the dotted line shown 
below : 


CH,—H CH,-H., CH. H. . 


| CH,—H 
O ,OH d H 
du—cC> +H — dn, £¢° el du,~€ 
\ph Ph Ph 

(I.) (II.) 


The product is a resonance hybrid of the forms (I) and (II). The formation of this 
hydrogen bond would decrease the electron density around the oxygen atom and cause an 
increase in the energy necessary for approach (or linking in reduction) of hydrogen ion. 

The high depolarisation potentials of propiophenone and isobutyrophenone, compared 
with those of the other phenyl alkyl ketones in acid media, appear to point to a mechanism 
of reduction which includes the addition of hydrogen ion to the carbonyl oxygen as one 
step, and, therefore, form some evidence for mechanism (A). 

It is unlikely that in basic catalysis the formation of a hydrogen bond would influence 
the energy of activation to any great extent (Evans and Gordon, loc. cit.; compare the 
results of Evans, Gordon, and Watson, J., 1937, 1425, on the hydrolysis of ethyl o-toluate). 
In this and similar base-catalysed reactions the anion catalyst is assumed to add to the 
carbonyl carbon, and, since the depolarisation potentials of the phenyl alkyl ketones in 
basic medium increase regularly as the alkyl series is ascended, it appears likely that 
addition of OH takes place during the electro-reduction of these ketones under the 
conditions studied. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. 
Tue TECHNICAL COLLEGE, CARDIFF, [Received, October 19th, 1938.} 





125. The Dimethyl Phosphates of the Rare-earth Metals. 
By JosePpH K. MARsH. 


Solubility measurements of the dimethyl phosphates of certain rare-earth metals, 
M[Me,PO,];, are recorded. The great range, the higher rate of change in the yttrium 
group than in the cerium group, and the great decrease in solubility with rise in 
temperature are noteworthy features. Particulars are given of the purification of 
terbium, dysprosium, and holmium by fractional crystallisation of their dimethyl 
phosphates. Terbium can be completely purified, dysprosium retains a trace of 
gadolinium and terbium, and holmium is completely freed from yttrium but not 
from dysprosium. For purificatidn of these three rare-earth metals, the dimethyl 
phosphates are of practical utility. 
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JamMEs and Morcan (J. Amer. Chem. Soc., 1914, 36, 10) first prepared representative 
rare-earth dimethyl phosphates and made solubility determinations. They believed the 
usefulness of the salt for separations to be seriously impaired by the extent to which it 
suffered hydrolysis, but showed that pure gadolinium was very rapidly prepared by the 
use of it. This was confirmed by Jordan and Hopkins (tb:d., 1917, 39, 2614), who found 
that only a trace of terbium remained after 15 series of crystallisations on 6 fractions, 6 
terbium head-fractions having been removed. The author (J., 1934, 1972) has shown that 
at temperatures below 50° hydrolysis of these salts of terbium and its neighbours is not 
serious, and has described methods of working which yielded pure terbium without 
difficulty. 

New data for the solubilities of the rare-earth dimethyl phosphates are recorded in 
the table. The solubilities of yttrium, erbium, and ytterbium at 25° are respectively 26%, 
89%, and 12-5% higher than those recorded by James and Morgan. The solubility of 
erbium has been determined by extrapolation from the experimental value for a sample 
containing erbium, 85; yttrium, 15%. 


Corresponding oxide. 





Dimethyl phosphate, 
g. per 100 g. of H,O. /l. G.-mol. /l. 











E. ° oe. 25°. 50°. ° . ° 0°. 25°. 50°. 
Gd 37-0 24-2 15-7 . , 0-348 0-227 0-148 
Tb 24-2 12-6 8-07 , . 0-227 0-118 0-076 
Dy 15-0 8-24 4-83 , ! 0-139 0-076 0-045 
Yt 6-44 3-53 1-90 P . " 0-069 0-038 0-025 
Er i: 6-91 3-36 2-03 , : 0-064 0-031 0-019 
Yb 2-68 1-35 0-72 , , . 0-024 0-012 0-007 


Solutions saturated at 0° were prepared by mechanically stirring excess of the salt with 
water for 3—4 hours. Cold saturated samples of solution were diluted somewhat, and kept 
at 25° or 50° for 3—4 hours with occasional stirring. Considerable salt crystallised. Samples 
of solution were withdrawn through a silk filter fitted to the end of a pipette, run into 
crystallising basins, and weighed. They were then evaporated to dryness at about 30°, and 
the residues desiccated all night over sulphuric acid. Duplicate samples of each solution were 
taken and always agreed to within 1%. The dimethyl phosphates easily attain equilibrium 
with the solvent. Initial high solubilities for erbium were found to be due to free acid. This 
was tested for by litmus paper pressed on the moistened salt at the conclusion of a determin- 
ation. No analyses were made of the salts, James and Morgan’s finding that except in the 
cases of lanthanum and cerium, they are anhydrous having been accepted. The fact that 
the solubilities as now determined constitute a geometrical progression is strong evidence of 
their substantial accuracy. The lower values found by James and Morgan may be due to 
the fact that they considered a solution saturated when by spontaneous evaporation a few 
crystals formed on the surface. Owing to the very rapid change in solubility, if any less 
soluble earth was present even in small amount, its crystals would form before the solution 
was really saturated with respect to the main earth present. 

In the figure the logarithms of the concentrations (as g.-mols. of oxide per 1.) are plotted 
against Z, the atomic number. The isotherms for 25° and 95° from lanthanum to gadolinium 
are based on the data of James and Morgan. For comparison, the solubilities of the bromates 
(James et al., J. Amer. Chem. Soc., 1909, 31, 913; 1927, 49, 132) have been similarly treated. 


The following points will be noticed. 

(1) The rapid change of solubility of the dimethyl phosphates from one metal to 
another. The bromates have been largely used as the most suitable salts for separating 
the yttrium group, but their much inferior efficiency on the basis of solubility differences 
may be gauged by the relative divergence of the 25° isotherms from the horizontal. For 
the metals from terbium to yttrium this shows a four-fold superiority for the dimethyl 
phosphates. The bromates, however, are advantageous on account of greater solubility, 
and therefore greater ease of handling in large quantity. Their crystals and mother- 
liquor are also more easily separated. The very small solubilities of the dimethyl phos- 
phates of erbium or rare-earth metals of higher atomic number, coupled with a greater 
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ease of hydrolysis, render them unsuitable for fractional crystallisation, but it seems likely 
that a separation of the ytterbium earths from a crude mixture might be brought about 
by using an alkali dimethyl phosphate as a precipitating agent. A similar degree of 
efficiency to that of potassium sulphate as a reagent for separating the cerium earths 
from the yttrium earths might be expected. 

(2) As is well known, the separation of the yttrium earths presents much greater 
difficulties than that of the cerium earths, because in general the solubility differences are 
much less marked. This is exemplified by the slope of the two arms of the solubility 
curve of the bromates. The dimethyl phosphates, however, show the opposite behaviour. 


Zz. 
59 60 61 62 63 64 65 66 673968 69 70 71 


“we 


™ 
S 


ds 


one. 
SS 
eS 
8 
: 
S 
= 
~ 
S 
q 
S 
w 
3 
eS 
—s 
= 
Ys 
& 
S 
; 
rs 
% 
S 
& 
Ss 
wn 
2 
mw 
~S 
BS 
= 
8 


la - Dy 


The cacodylates, E[(CH,),AsO,],,8H,O, may resemble the dimethyl phosphates (James and 
Morgan, Joc. cit.), but their solubilities are too low for practical purposes. The sulphate 
octahydrates may be similar, but they can be brought into equilibrium with their solvent 
only with great difficulty, and their utility is thereby destroyed. 

(3) The dimethyl phosphates, and probably the cacodylates, appear to be the only 
known salts of the rare-earth metals which fall steadily in solubility from lanthanum to 
lutecium. Usually there is a rise in solubility with increasing atomic weight, or there is 
a minimum of solubility in the middle of the series, as in the case of the bromates. 

(4) The negative temperature coefficient is remarkably high, especially among the less 
soluble dimethyl phosphates. There is a progressive proportional increase in this respect 
as the solubility falls; e.g., the fall for neodymium between 25° and 95° is about 60%, 
but that for ytterbium between 25° and 50° is almost 50%. This means that the higher 
the final temperature of crystallisation the more rapid should be the fractionation, but 
in practice the temperature is kept low on account of hydrolysis. 

(5) There is an almost constant factor of about 0-6 for the rate of decrease of solubility 
following the atomic number sequence from gadolinium to ytterbium: at 0°, s,= 
1-56s,,,; at 25°, s, = 1-63s,,,; at 50°, s, = 1-68s,,,. 
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(6) Yttrium takes its right place among the other rare-earth metals if assigned a 
hypothetical atomic number of 67:6. 

Usually, yttrium and holmium are a more inseparable pair than erbium and yttrium, 
but the reverse appears to be the case with the dimethyl phosphates. Some crude erbium 
after 40 series of crystallisations on 12—15 fractions had yielded up its ytterbium and 
thulium at the insoluble end, but little progress could be detected in the separation o 
yttrium. 


Fractional Crystallisation of the Dimethyl Phosphates.—Terbium, dysprosium, and holmium 
should be concentrated to a reasonable degree before use of the dimethyl phosphates is 
attempted. The elimination of yttrium especially should be aimed at, as its solubility (ca. 
10 g. of oxide per 1.) is inconveniently low. Driggs and Hopkins (J. Amer. Chem. Soc., 1925, 
47, 363) have shown that holmium of apparent atomic weight of 150 can be prepared fairly 
easily by a series of partial thermal decompositions of the nitrate. It is for the further 
elimination of yttrium that the dimethyl phosphates are of use. Most of the gadolinium is 
best eliminated by crystallisation as double magnesium nitrate or as bromate. 

Crude yttrium earths were fractionated as bromates until the bulk of the holmium and 
erbium had parted, and dysprosium and yttrium had largely separated (4000 crystallisations). 
The holmium—yttrium section was then submitted to basic nitrite precipitation, and the 
concentrated holmium together with the crude terbium and dysprosium bromates were ready 
for working as dimethyl phosphates. 

Residues from monazite containing Sm,O, (1 kg.), Gd,O, (1 kg.), and yttrium earths (2 
kg.) were crystallised as double magnesium nitrates with addition of bismuth magnesium 
nitrate with 35% nitric acid as solvent. Samarium, europium, and gadolinium were quickly 
removed, leaving the yttrium earths, but by careful seeded crystallisation and with the use 
of much bismuth it was found possible to separate most of the dysprosium and holmium (0-8 
kg. of oxide) as double magnesium nitrates, leaving a yttrium residue (1-2 kg. of oxide). 

Fractionation of the gadolinium magnesium nitrate was proceeded with till negligible 
amounts of dysprosium or terbium remained with it. The impure tail-fractions were heated 
to 220°, whereby the bismuth was converted into a basic salt and was precipitated when the 
melt was poured into water, the earths being recovered from solution as oxalates. These 
were next put through 100 crystallisations as bromate, whereby a considerable quantity of 
yttrium was eliminated. 

Dimethyl hydrogen phosphate was made by Schiff’s method from phosphorus oxychloride 
(1500 ml.), in a 5 1. flask fitted with a gas-tight stirrer, dropping-funnel and lead-off tube for 
hydrogen chloride and methyl chloride, by adding carefully dried methyl alcohol (2200 ml.) 
and keeping the mixture below 30° till near the end. The product was finally heated on a 
water-bath till free from hydrogen chloride fumes. It was found to contain very little phos- 
phoric acid or methyl dihydrogen phosphate and was used without further purification. 

A thin paste of rare earths was treated with dimethyl hydrogen phosphate, the reaction 
mass powdered and dissolved in 60 1. of water. Fractionation was done at the start generally 
5 times weekly with cooling to autumn night temperature, and heating in a large water-bath 
to 40° or 50°. Quantities of yttrium were rapidly eliminated at the head so that the bulk 
was soon reduced. Any rare-earth phosphates which appeared were also removed. At first 
only about 20 fractions were employed, but as the purification proceeded this number was 
increased to 70. In the early stages when much yttrium was present the rather small 
crystals were collected on muslin on a Buchner funnel. After 55 series of crystallisations, 
yttrium had concentrated at the head (fraction 1), and holmium in fractions 15—27 with a 
trace down to 42; fractions 28—53 were mostly dysprosium, and 28—43 gave an oxide of 
uniform buff tint; fraction 70 was gadolinium. The bulk decreased from 800 ml. at the head 
to a few ml. at the tail. Some similar material, which had previously been obtained from 
10 kg. of gadolinite and other rare-earth residues and partially fractionated, was added at what 
appeared to be the appropriate time and position in the series. Soon now it was possible to 
start to eliminate dysprosium. Decantation replaced filtration, about 70% of the mother- 
liquor being poured off. After 4 months nearly all the gadolinium had been removed; 
and in a further 3 months the greater part of the terbium (60 g. of oxide) had been obtained 
in a state of purity, and also most of the dysprosium (500 g. of oxide). The holmium 
fractions were reduced to a volume of about 150 ml. each, but they still held quantities 
of dysprosium. With the warmer weather, cooling in a refrigerator was resorted to, and in 


ey 
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14 months three-quarters of the holmium (30 g. of Ho,O,) had been obtained giving a spectrum 
free from any trace of the arc lines of yttrium. The head of the series was still almost 
colourless yttrium, yet 20 fractions down there was no trace of it. The next 24 fractions had 
identical arc spectra, but were not free from small quantities of dysprosium. This middle 
section was removed, and the heads and tails continued so as to increase the yield of holmium. 

Purity of the Products Obtained.—(1) Terbium. Terbium of high purity is readily obtainable. 
A central terbium fraction was examined carefully for dysprosium and gadolinium. For 
detection of dysprosium use was made of the intense absorption band at A 9090 (Freymann 
and Takvorien, Compt. rend., 1932, 194, 963), which was photographed on a prism spectrograph 
having a dispersion of 30 a./mm. in this region. A new band at 4 8070 was found, however, 
which is as strong as the other and, being more accessible photographically, is to be preferred 
for use in estimating dysprosium. 100 Mm. of 8-9n-terbium chloride showed the dysprosium 
band less intense than 16 mm. of n/20-dysprosium chloride in saturated gadolinium chloride 
solution; i.e., the dysprosium content was less than 1 in 1100 and probably about 1 in 1500. 
An estimate of gadolinium in the terbium was made by comparing the strength of the 
gadolinium arc lines at 4A 3100—3000 with that in a lanthanum oxide base containing added 
quantities of gadolinium. Less than 1 part per 1000 of the latter was found. 

(2) Dysprosium. This was readily freed from holmium, but the ignited oxide was not 
white. Prolonged fractionation did not alter the oxide tint, which resembled that of manilla 
paper and was presumably due to a faint trace of terbium oxide. The arc line of gadolinium, 
2 3034, was also detectable in most samples of dysprosium, but a purity approximating to 
99-9%, has been readily achieved. 

(3) Holmium. The effects of hydrolysis became more serious with the lower solubility of 
holmium than they were in the case of terbium or dysprosium. Dysprosium in the insoluble 
or slightly soluble hydrolysis product which forms in the fractions becomes distributed 
throughout the holmium fractions and is not eliminated; but the complete separation of 
yttrium from holmium is possible and it is doubtful if this has been achieved before. Driggs 
and Hopkins (loc. cit.), using gas heating for thermal decomposition of nitrates, found that 
the atomic weight of holmium fractions gave content values at 158-1, but with electric heating 
this rose to 163-5. This value has been accepted as the true atomic weight without the 
absence of yttrium having been proved, but is 1-4 units below that required if holmium has a 
single isotope 165 as found by Aston (Proc. Roy. Soc., 1934, A, 146, 46). 

It was not possible to estimate dysprosium in holmium by means of infra-red absorption 
bands, for holmium itself absorbed at 1A 8050, 8900, 9090, and from 9400 upwards; but the 
product so far as ascertained approximates to holmium, 99; dysprosium 1%. 


As a result of this study the author is of opinion that the dimethyl phosphates offer 
the easiest known means of purifying terbium, dysprosium, and holmium. For dys- 
prosium of very high purity, the most suitable treatment. will probably be a final 
repetition of the fractionation of the double magnesium nitrates in presence of much 
bismuth magnesium nitrate, whereupon the traces of gadolinium and terbium in 
dysprosiura will crystallise with the bismuth salt. 


The Research Fund Committee is thanked for a grant, and Dr. D. A. Jackson for the use 
of his spectrograph. 
THe O_tp CHEMISTRY DEPARTMENT, THE MUSEUMS, OXFORD. [Received, February 1st, 1939.} 





126. The Constitution of Cherry Gum. Part I. Composition. 
; By J. K. N. JONEs. 


The similarity of cherry gum (from two sources) and damson gum (Hirst and 
Jones, J., 1938, 1174) is indicated by the identity of their products of hydrolysis and 
of the d-8-glycuronosido-2-d-mannose obtained on hydrolysis of the arabinose-free poly- 
saccharides. Cherry gum contains also a small quantity (ca. 1-5%) of d-xylose. 


CHERRY gum collected in Arizona from wild cherry trees has been examined by Butler and 
Cretcher (J. Amer. Chem. Soc., 1931, 58, 4161), who came to the conclusion that it was a 
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polysaccharide having an equivalent weight 1791 and consisting of /-arabinose (8 mols.), 
d-xylose (6 mols.), d-galactose (6 mols.), d-mannose (3 mols.), and d-glycuronic acid 
(2mols.). 

The gum examined in the present research was obtained from cherry trees from two 
sources, and is fundamentally different from that described by the American authors. 
It appears to be essentially a homogeneous chemical entity having an equivalent weight 
of ca. 1450 and [«]3” — 28° (as sodium saltin water. See TableI). It is exuded on the bark 
of the tree as a brownish, semi-solid mass, similar in appearance to damson gum, and is the 
neutral salt of an acidic polysaccharide, which can be transformed ‘readily into a crisp 
white ash-free powder by precipitation from an acidified aqueous solution by addition of 
alcohol. In appearance and properties the substance is a typical gum, resembling gum 
arabic and damson gum in the viscosity of its aqueous solutions. Extraction with 70% 
alcohol failed to separate a polysaccharide differing in physical properties from the initial 
material. This is the usual method for the extraction of araban (Hirst and Jones, J., 1938, 
496). The analytical figures for uronic anhydride and furfural indicate that there are 
present respectively 11-9% of uronic anhydride and 57-0% of pentosan. 

The pentose obtained on hydrolysis was almost exclusively /-arabinose, and the uronic 
acid was d-glycuronic acid. d-Galactose and d-mannose were present and there was also 
a small amount of d-xylose. The /-arabinose appears to be combined in the furanose 
form, since its rate of hydrolysis is the same as that of the /-arabinose in the damson gum 
molecule, which is known to be of the furanose type. The aldobionic acid of cherry gum 
is identical with that of damson gum, the proof of its structure being made on the lines 
described by Hirst and Jones (J., 1938, 1175). A quantitative estimation indicated 
that in the original polysaccharide the various sugars were combined in the following 
proportions: glycuronic acid (1 mol.), galactose (2 mols.), mannose (1 mol.), and 
arabinose (6 mols.). The gum also contains a small amount (ca. 1-5%) of d-xylose: it 
is improbable that this is produced by decarboxylation of the glycuronic acid during 
hydrolysis. Should it prove to be the case that d-xylose is an essential part of the molecule, 
the molecular weight of the polysaccharide must be at least 7500. 


EXPERIMENTAL. 


Purification of Cherry Gum.—The gum, which resembled damson gum in properties, was 
converted into the acidic polysaccharide by precipitation with alcohol from aqueous solutions 
to which dilute hydrochloric acid had been added (for further details, see Hirst and Jones, 
J., 1938, 1177). The acidic gum did not dissolve so readily in warm water as that from damson 
gum, but otherwise resembled it in properties (soluble thallium salt ; insoluble thallium complex ; 
no insoluble copper complex; no reduction of Fehling’s solution). 


TABLE I. 


Sample No. Equiv. wt.* [a]20*.+ Source. 
1 1503 — 28-0° North of England. 
2 1420 — 26-0 Somerset. 
3 1450 — 27-0 After extraction of (1) 
by 70% alcohol. 
* By titration with n/10-sodium hydroxide. 
+ As sodium salt in water (c, 1-0). 


The work described below was carried out with sample (1). 

The purified gum had a small iodine number (1-0 g. required 2-5 c.c. of N/10-iodine). This 
small value is probably not significant, since the gum had a small ethoxyl content (2-0%, 
probably due to esterification during the purification process) [Found : OMe content of crude 
gum, nil; N, 0-2% (probably due to the presence of a small amount of protein); furfural 
(purified gum), 31-8%, estimated as phloroglucide after treatment of the polysaccharide with 
boiling 12% hydrochloric acid. Methyl pentose appeared to be absent. Uronic acid anhydride 
content calculated from the amount of carbon dioxide evolved on boiling with 12% hydro- 
chloric acid, 119%]. (A substance containing 11-9% of uronic anhydride and no other acidic 
residues should have an equivalent weight of 1479. Found by titration of the gum with alkali, 
1503). This proportion of uronic anhydride accounts for 3-0% of the total furfural (for factors 
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used in this and other analyses, see Hirst and Jones, loc. cit., p. 1177), leaving 28-8% of furfural 
contributed by the pentosan portion of the polysaccharide, and since the major portion of the 
pentose present is /-arabinose (see below), the calculated anhydroarabinose content of the gum 
is 54-1% [Found: 52-0% (from direct estimation of arabinose after hydrolysis. See below). 
Anhydrogalactose (estimated after oxidation to mucic acid, 18-0%. For factor used, see below]. 

Graded Hydrolysis of Cherry Gum.—(a) Cherry gum (45 g.) was heated with water (1 1.) 
at 90—95°, the acidity of the solution being sufficient to bring about slow graded hydrolysis 
(compare damson gum, loc. cit.); the reaction was followed by polarimetric and iodometric 
observations : [a]}” — 28° (c, 0-45 in water) (initial value); + 7-0° (6} hrs.); + 20-0° (10} 
hrs.); -++ 50-0° (224 hrs.); + 58-0° (27 hrs.); + 62° (34hrs.); + 65° (45} hrs.). A much slower 
hydrolysis continued beyond this stage. The increase in iodine titre was followed by titration of 
2 c.c. portions of the solution with n/10-iodine by Baker and Hulton’s method (Biochem. J., 
1920, 14, 754) : initial value (in c.c. of n/10-iodine, calculated for 1 g. of cherry gum), 2-5 c.c.; 
9-3 (1% hrs.); 17-8 (3 hrs.); 30 (64 hrs.); 43-3 (10} hrs.) ; 63-3 (224 hrs.); 73-0 (303 hrs.); 77-2 
(34 hrs.); 82-2 (454 hrs.). The cooled solution was concentrated at 40°/12 mm. to 200 c.c. and 
poured into alcohol (14 1.); it then gave an alcohol-insoluble polysaccharide (A) (14-0 g.), which 
was washed with alcohol (for purification, see below). 

(b) Reducing sugars obtained by graded hydrolysis. The filtrate from (A) on concentration 
gave crystalline /-arabinose (19-5 g.), m.p. 160°, [a]? + 101° (c, 3-1 in water, equilibrium value). 
The mother-liquor was acid to Congo-red; it was neutralised with barium carbonate, filtered, 
and poured into alcohol, giving an insoluble barium salt (B) (5-1 g.) which appeared to be the 
barium salt of polysaccharide (A), which had been incompletely precipitated. The filtrate from 
(B) on concentration under reduced pressure gave a syrup (8-0 g.). An iodometric estimation 
of this syrup by Baker and Hulton’s method showed the presence of a total amount of reducing 
sugar equivalent to 784 c.c. of N/10-iodine (equiv. to 7-07 g. of hexose or 5-88 g. of pentose). Some 
oligosaccharide was present at this stage, since the syrup underwent further hydrolysis with 
n/10-sulphuric acid. [a]?" + 70° (initial value, c 4-0 in n/10-sulphuric acid), rising to [«]?!° 
+ 91° (7 hrs., constant value). The iodine titre then indicated the presence of an amount of 
reducing sugar equivalent to 1000 c.c. of N/10-iodine (9-0 g. of hexose or 7-5 g. of pentose). 
Furfural determinations now showed the presence of 6-90 g. of pentose (calculated as /-arabinose). 
Oxidation of a portion of the solution with nitric acid under standard conditions gave mucic 
acid equivalent to the presence of a total amount of 0-56 g. of galactose. The solution contained 
l-arabinose (6-00 g.), estimated as /-arabinose diphenylhydrazone. Xylose appeared to be 
absent, since no cadmium bromide—cadmium xylonate double salt could be detected on oxidation 
of a portion of the above hydrolysis solution with bromine in the presence of cadmium carbonate. 
Since a portion of the hydrolysis solution on standing with phenylhydrazine gave no mannose 
phenylhydrazone, it was concluded that mannose was probably absent from this solution. 
A polysaccharide of equivalent weight 1454 and containing six molecules of arabinose would 
yield 63-2% of arabinose on hydrolysis (Found: 59-4%). 

(c) Polysaccharide (A). Polysaccharide (A) (14-0 g.) was dissolved in n/10-hydrochloric acid 
(100 c.c.), filtered through kieselguhr, reprecipitated in absolute alcohol, washed free from min- 
eral acid, and dried at 40°/12 mm. This treatment did not remove a small amount of absorbed 
protein. The cream-coloured powder obtained was easily soluble in water, giving a brown solu- 
tion with an acid reaction to Congo-red. It gave no colour with aqueous iodine. [a]? + 32-2° 
(c, 16 in water). Uronic anhydride, 27-5% (calculated from the amount of carbon dioxide 
evolved on boiling with 12% hydrochloric acid). Furfural, 7-0% (estimated as phloroglucide 
after boiling with 12% hydrochloric acid under the standard conditions). The polysaccharide, 
on heating with nitric acid (d 1-2), gave mucic acid in a yield of 25-0%, corresponding to 40-3% 
of anhydrogalactose. The equivalent weight (by titration with n/10-sodium hydroxide in the 
cold) was 627, On titration with alkaline iodine by the method of Bergmann and Machemer, 
1 g. of polysaccharide (A) required 7-0 c.c. of N/10-iodine, but this result is probably of no signi- 
ficance (see above). Found: OEt, 3-4%. A polysaccharide containing a repeating unit of 1 
mol. of d-glycuronic acid, 1 mol. of d-mannose, and 2 mols. of d-galactose would have an equiv- 
alent weight of 662, would contain 48-9% of anhydrogalactose and 26-6% of uronic acid 
anhydride, and on distillation with 12% hydrochloric acid would give 6-7% of furfural. 

(d) Barium salt (B). This was a white powder, easily soluble in water, giving a colourless, 
neutral solution. It gave no colour with aqueous iodine and had [a]}" + 12-5° (c, 1-6 in water). 
Uronic anhydride, 23-0% (calculated from the amount of carbon dioxide evolved on boiling 
with 12% hydrochloric acid). Furfural, 6-0% (estimated as phloroglucide after boiling with 
12% hydrochloric acid under the standard conditions). The polysaccharide, on heating with 
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nitric acid (d 1-2), gave mucic acid in a yield of 24-4%, corresponding to 39-0% of anhydro- 
galactose. On titration with alkaline iodine, 1 g. of polysaccharide required 27-0 c.c. of n/10- 
iodine, equivalent to a molecular weight of 758. The polysaccharide contained 9-1% of barium, 
indicating an equivalent weight of 753. A barium salt containing a repeating unit of 1 mol. 
of d-glycuronic acid, 1 mol. of d-mannose, and 2 mols. of d-galactose would have an equivalent 
weight of 730, would contain 44-4% of anhydrogalactose, 24-1% of uronic acid anhydride, and 
9-7% of barium, and on distillation with 12% hydrochloric acid would give 5-3% of furfural. 

(e) Reducing sugars obtained on hydrolysis of polysaccharide (A). The polysaccharide (A) 
(9-5 g.) was boiled with n-sulphuric acid (250 c.c.) for 4} hrs., the reaction being followed by 
iodometric and polarimetric observations. [a]}” fell from + 32-0° to + 26-0° (c, 3-8 in Nn- 
sulphuric acid). The increase in iodine titre was followed by titration of 1 c.c. portions of the 
solution with n/10-iodine by Baker and Hulton’s method : initial value (in c.c. of n/10-iodine 
calculated for 1 g. of polysaccharide A), 2-0; 53-0 ($ hr.); 87-0 (1? hrs.); 88-3 (23 hrs.); 103-0 
(4} hrs.), followed by a slow upward rise in iodine titre. At the end of 4 hrs. a small quantity 
of dark brown protein material had separated. The cooled solution was neutralised with barium 
carbonate, filtered, and poured into alcohol. The precipitated barium salt (C) (5-7 g.) was washed 
with methyl alcohol and dried. Concentration of the methyl alcohol gave a syrup (4-2 g.) 
which crystallised. On trituration with alcohol, crystalline d-galactose (3-4 g.) was obtained, 
m. p. 162—163°. [a]? + 79-8° (c, 1-04 in water, equilibrium value). The syrup, after removal 
of d-galactose, still contained some d-galactose (0-27 g.), estimated as mucic acid after oxidation 
with nitric acid (d 1-2). In addition, it contained some d-mannose (0-28 g.), estimated as d- 
mannose phenylhydrazone (for factor used, see Hirst and Jones, J., 1938, 1179), m.p. 193°, 
[a]>" + 22-8° (c, 0-5in pyridine). Furfural determinations on the non-crystalline syrup indicated 
the presence of pentose (0-33 g.), and iodometric determinations by Baker and Hulton’s method 
showed the presence of reducing sugars equivalent to 108 c.c. of N/10-iodine. Oxidation of a 
portion of the syrup with bromine in the presence of cadmium carbonate gave the character- 
istic cadmium bromide—cadmium xylonate, proving the presence of xylose. Arabinose appeared 
to be absent, since no arabinose diphenylhydrazone could be isolated. Since hexoses (0-55 g.) 
are equivalent to 61 c.c. of N/10-iodine and pentoses (0-33 g.) to 44-0 c.c. of n/10-iodine, making 
a total of 105 c.c., it would appear that d-mannose (0-28 g.), d-galactose (0-27 g.), and d-xylose 
(0-33 g.) were the only sugars present (Found : 108c.c.). [a]? + 33-4° (c, 8-8in water). A mix- 
ture of d-mannose, d-galactose, and d-xylose in the above proportions requires [a]?” + 35-9°. 

(f) Hydrolysis of barium salt (B). The barium salt (3-4 g.) was hydrolysed with n-sulphuric 
acid (50 c.c.) at 90—95°, the reaction being followed by polarimetric and iodometric observations : 
[a]?” + 14:1° (c, 6-8 in N-sulphuric acid, initial value); -+ 25-3° (1 hr.); + 31-2° (3 hrs.); 
+32-3° (4} hrs.). The increase in reducing power was followed by Baker and Hulton’s method 
(loc. cit.) : initial value. (in c.c. of N/10-iodine per 1 g. of barium salt), 28-0; 51-4 (1-0 hr.); 63-2 
(3 hrs.); 64-0 (4} hrs.). The solution was then neutralised with barium carbonate, filtered, and 
poured into absolute alcohol. The precipitated barium salt (1-7 g.) was washed with alcohol 
and dried. The filtrate on concentration gave d-galactose (1-3 g.), estimated as d-galactose 
phenylmethylhydrazone, m. p. and mixed m. p. 189°, and as mucic acid. The sugars, which had 
[a]?” + 76-0° (c, 1-2, in water), also contained d-mannose (a trace); no other sugars could be 
detected. 

The barium salt (1-7 g.) had [«]?” — 1-0° (c, 0-82 in water). (Found: Ba, estimated as car- 
bonate, 18-5%. The barium salt of an aldobionate requires Ba, 16-2%). Oxidation with nitric 
acid (d 1-2) under the standard conditions gave no mucic acid, showing the absence of galactose 
and galacturonic acid. This barium salt was a mixture of barium d-glycuronate and the barium 
salt of d-§-glycuronosido-d-mannose, since on hydrolysis with 2n-sulphuric acid it gave d- 
mannose (isolated as the phenylhydrazone) and d-glycuronic acid (isolated as its barium salt), 
(«]=” + 15° in water (c, 1-1), and identified as the characteristic yellow crystalline solid formed 
on heating the barium salt with p-bromophenylhydrazine acetate. 

(g) Aldobionic acid from polysaccharide A. The precipitated barium salts (C) consisted of 
the barium salt of 6-d-glycuronosido-2-d-mannose mixed with a little material which still con- 
tained galactose. [a«]} — 19-7° (c, 0-94 in water) (Found: furfural, 11-5; Ba, estimated as 
barium carbonate, 15-6. The barium salt of 8-d-glycuronosido-2-d-mannose requires furfural, 
10-1; Ba, 16-2%). Oxidation with nitric acid under the standard conditions gave mucic acid 
equivalent to the presence of 2-5% of galactose. 

The barium aldobionate (0-73 g.) was very resistant to hydrolysis, but its partial cleavage 
could be effected with n-hydrochloric acid (25 c.c.) for 23 hrs. [a]? — 17° (initial value, c, 
2-8); + 10° (16 hrs.); the solution then became too dark for further observation. Iodine 
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titre (in c.c. of n/10-iodine per 1 g. of aldobionate) : 0-86 (initial value); 1-36 (2 hrs.); 2-25 
(64 hrs.); 2-52 (li hrs.); 3-62 (18 hrs.); 2-80 c.c. (23 hrs.) (decomposition of the sugars had 
begun). The cooled solution, when neutralised with silver carbonate, filtered, and poured into 
alcohol, gave an insoluble barium salt (0-60 g.). The alcoholic filtrate on concentration gave 
a syrup (0-13 g.), [«]?” + 42-7° (c, 1-3 in water), which consisted of d-mannose (0-07 g.), isolated 
as d-mannose phenylhydrazone, m. p. and mixed m. p. 196°, and d-galactose (0-06 g.), estimated 
as mucic acid. The filtrate from mannose phenylhydrazone, on heating with an excess of 
phenylhydrazine acetate, gave d-galactosazone, m. p. 200° (characteristic crystalline shape). 
The barium salts (0-60 g.), [a]? + 3° (c, 3-8 in water), on further hydrolysis with 2n-sulphuric 
acid (15 c.c.) at 90—95° during 20 hrs., gave d-mannose (0-15 g., estimated as the phenylhydraz- 
one) and barium d-glycuronate (0-20 g.), [«]?” + 16-9° (c, 1-0 in water), identified as the charac- 
teristic yellow derivative formed on heating with p-bromophenylhydrazine acetate. 

Summary of Results. Composition of Cherry Gum.—The above results indicate that 
the sugar residues in cherry gum were combined in the proportions indicated: /-arabinose 
(6 mols.), d-galactose (2 mols.), d-mannose (1 mol.), and d-glycuronic acid (1 mol.). The gum 
also contains a small amount of d-xylose. 


TABLE II. 


Arabinose Galactose Xylose Mannose 
residues, residues, residues, residues, 
Uronic Fur- calculated calculated calculated calculated Equiv. 
anhydride. fural. as C,H,O,. as C,H,,0;. as C,H,O,. as C,H,,0;. wt. 
Calc. % 12-1 30-3 54-1 22-3 — 11-2 1454 
Obs.% $110 31:8 ae ao. ca. 1-2 8-0 5 1503 
1 From yield of arabinose and its diphenylhydrazone. 2 Estimated from yields of carbon dioxide 
and furfural. % Based on sum of galactose eliminated during formation of polysaccharide (A) and 
galactose present in polysaccharide (A), the factor 1-6 being used in mucic acid estimations. Owing 
to uncertainty as to the value of this factor, the galactan figures are approximate only. 4 Estimated 
from yield of mucic acid isolated from the oxidation of cherry gum with nitric acid (d 1-2). 5 Estim- 
ated from yields of d-mannose phenylhydrazone. 


The arabinose-free polysaccharide (A) contains d-galactose (2 mols.), d-mannose (1 mol.), 
d-glycuronic acid (1 mol.), and d-xylose (ca. 3-0%). 


TABLE III. 
Galactose resi- Xylose resi- Mannose resi- 
Uronic Fur- dues, estimated dues, estimated Equiv. dues estimated 
anhydride. fural. as C,H,,0;. as C;H,0,. wt. as C,H,,0;. [a}20°. 
Calc. % § 25-5 8-5 47-0 — 690 23-5 —_— 
Obs. % } 27-5 7-0 40-3 3-14 627 18-1 ¢ + 32° 
Obs. % ? 24-2 7:3 43-7 3-0 4 645 19-5 & + 29 
1 Polysaccharide (A) from cherry gum. 2 Polysaccharide (A) from damson gum (Hirst and 
Jones, Joc. cit.). * From yields of furfural. 4 From yield of 2:3:4-trimethyl d-xylose. 
5 Assuming the presence of 3% anhydroxylose. * Estimated as mannose phenylhydrazone. 


Methyl Heptamethyl Aldobionate-—The mixed barium salts (C) (3-60 g.) were dissolved in 
water (20 c.c.), and excess of thallous carbonate (1-4 g.) added. The precipitated barium 
carbonate was removed, the filtrate, to which was added n-thallous hydroxide (60 c.c.), evapor- 
ated to dryness at 40°/12 mm., and the finely powdered solid refluxed with an excess of methyl 
iodide (30 c.c.) during 24 hours. Excess of methyl iodide was removed by distillation, and the 
thallous iodide exhaustively extracted with acetone. Removal of the acetone gave a syrup 
(2-68 g., 2° 1-4682), which was further methylated by means of silver oxide and methyl iodide 
(yield, 2-63 g.), nl? 1-4695 (Found: OMe, 52-0%). The product on distillation gave (a) 0-25 
g. of a mixture containing tetramethyl d-glycuronate, b. p. 140—170°/0-001 mm. (bath temp.), 
ni?" 1-4540 (Found: OMe, 55-6%), (b) methyl heptamethyl aldobionate (1-46 g.) as a viscid 
liquid, b.p. 175—200°/0-001 mm. (bath temp.), 7%” 1-4695, [a]}? — 40-6° (c, 0-74 in water) 
(Found: OMe, 50-8; equiv. wt., by quantitative hydrolysis, 482. Calculated for Cy9H 3,04, : 
OMe, 53:0%; equiv. wt., 468). Hydrolysis of the methyl heptamethyl aldobionate (0-86 g.) 
was effected by heating its solution in 7% hydrochloric acid at 90—95° for 5 hrs.: [aJ]#"° — 38-4° 
(initial value; c, 2-9); — 8-4° (? hr.); + 6-3° (1} hrs.); + 16-1° (2? hrs.); + 30-0° (43 hrs.) ; 
further polarimetric observations were impossible owing to darkening of the solution due to 
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slight decomposition. The solution was neutralised with silver carbonate, freed from silver 
with hydrogen sulphide, aerated, and neutralised with barium carbonate. The resulting 
solution, containing barium 2: 3: 4-trimethyl d-glycuronate and 3: 4: 6-trimethyl d-mannose, 
was evaporated to dryness, and the residue exhaustively extracted with ether. The ethereal 
solution on concentration gave 3: 4: 6-trimethyl d-mannose as a syrup (0-30 g.), nj” 1-4700, 
which crystallised; [a]? + 8-8° in water (c, 3-26) (Found: OMe, 40-3. Calc. for CgH,,0, : 
OMe, 41-8%). After recrystallisation from ether, its m. p. and mixed m. p. with an authentic 
sample were in agreement with the value (101°) previously recorded (Bott, Haworth, and Hirst, 
J., 1930, 1395). 

The sugar (0-16 g.) was oxidised with bromine water at 40° for 6 hours, the solution being 
then neutralised with silver carbonate and filtered, and the silver removed as sulphide. On 
evaporation of the solvent, 3 : 4 : 6-trimethyl mannonolactone (0-13 g.) was obtained. This was 
distilled, giving an oil (0-11 g.), b. p. 160°/0-001 mm. (bath temp.), which crystallised on scrat- 
ching. After recrystallisation from ether, the pure lactone was obtained in plates, m. p. 98°, 
undepressed by authentic 3 : 4: 6-trimethyl d-mannonolactone. The two lactones were shown 
to be identical by X-ray analysis. [a]}?" + 167° (initial value in water, c, 2-2), falling to + 110° 
(30 hrs., constant value, micro-polarimeter tube). The lactone on solution in liquid ammonia 
gave the corresponding 3: 4: 6-trimethyl d-mannonamide, m. p. (after recrystallisation from 
acetone) 142°, undepressed by an authentic specimen (Hirst and Jones, Joc. cit.); [«]}** + 23° 
(c, 0-6 in water, micro-polarimeter tube). It gave a strong positive Weerman reaction (yield 
of hydrazodicarbonamide, 75% of the theoretical, similar to that obtained with d-mannonamide). 

2:3:4-Trimethyl d-Glycuronic Acid.—After removal of trimethyl mannose, the residual 
barium trimethyl glycuronate was dissolved in water and the solution, after acidification with 
n-sulphuric acid (2-0 c.c.), was filtered and evaporated to dryness under diminished pressure. 
The organic matter was extracted from the residue with boiling ether; the syrup (0-40 g.) 
obtained on removal of the ether had ni®° 1-4710, [a]? + 52-4° in water (c, 0-44) (Found: OMe, 
38-8; equiv. wt., 247. Calc. for trimethyl glycuronic acid: OMe, 39-4%; equiv. wt., 236). 
Oxidation of 2:3: 4-trimethyl d-glycuronic acid (0-35 g.) with bromine water at 60° for 10 
hours gave 2: 3: 4-trimethyl saccharic acid (0-32 g.), which was identified, after esterification 
with methyl-alcoholic hydrogen chloride, as the methyl ester of 2: 3: 4-trimethyl saccharo- 
lactone (0-28 g.), b. p. 140° (bath temp.) /0-002 mm., j*° 1-4600. This crystallised to a solid 
mass, [a]7!" + 100° (c, 1-1 in ethyl alcohol), m. p. 110° alone or admixed with an authentic 


specimen. 
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127. Nitration of Derivatives of 4-Hydroxyquinaldine. 
By W. O. KERMACK and ALICE P. WEATHERHEAD. 


4-Hydroxyquinaldine and 4-hydroxy-2 : 3-dimethylquinoline on nitration both yield 
mononitro-derivatives, from which the corresponding amines are obtained on reduction. 
The latter have been synthesised from p-aminoacetanilide and ethyl acetoacetate or 
ethyl methylacetoacetate, from which it follows that the nitro-group enters the 


quinoline nucleus in the 6-position. Various derivatives of 6-nitro- and 6-acetamido- 


quinaldine are described. 


It has been shown by Balaban (J., 1930, 2349) that the nitration of 2-hydroxylepidine 
yields solely the 6-nitro-derivative. When 4-hydroxyquinaldine is nitrated, a homo- 
geneous product is obtained, m. p. over 400°, which on reduction yields the corresponding 
amino-compound. Attempts made to establish the position of the amino-group in this 
compound by converting it into the corresponding chloro- or bromo-derivative by the 
Sandmeyer reaction, for comparison with 6-chloro- and 6-bromo-4-hydroxy-2-methylquinoline 
prepared by known methods from #-chloro- and #-bromo-aniline and ethyl acetoacetate 
through ethyl £-f-chlorophenylaminocrotonate and ethyl 8-p-bromophenylaminocrotonate 
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respectively, did not yield crystalline products. The identity of the aminohydroxy- 
quinaldine as the 6-amino-derivative (I) was finally established by its synthesis by the 
following alternative method. #-Aminoacetanilide readily reacted with ethyl acetoacetate, 


OH OH OH 
HNO, NO NH 
Oe =u Oe 
N N 


CO,Et OH 


NHAc CHyCOCHCO.RL NHAc CH 2 NHAc 
NH, r Me Me 


H 
(II.) (III.) 





in alcoholic solution containing a trace of hydrochloric acid, to yield ethyl B-p-acetamido- 
phenylaminocrotonate (II), which, on being added to medicinal paraffin at 250°, was con- 
verted into 6-acetamido-4-hydroxy-2-methylquinoline (III); this on hydrolysis formed 
6-amino-4-hydroxy-2-methylquinoline (I), identical in all respects with the amino-compound 
previously obtained. The two acetyl derivatives also were identical. It follows that 
4-hydroxy-2-methylquinoline is nitrated in the 6-position. 

Similar results were obtained with 4-hydroxy-2 : 3-dimethylquinoline, which, when 
nitrated, yielded a mononitro-derivative, reducible to a monoamino-derivative. The 
latter compound was identical with 6-amino-4-hydroxy-2 : 3-dimethylquinoline synthesised 
in the usual way from #-aminoacetanilide and ethyl methylacetoacetate through ethyl 
8-p-acetamidophenylamino-a-methylcrotonate and 6-acetamido-4-hydroxy-2 : 3-dimethylquino- 
line. 

By the action of a mixture of phosphorus oxychloride and pentachloride on 6-acet- 
amido-4-hydroxy-2-methylquinoline, 4-chloro-6-acetamido-2-methylquinoline was obtained, 
which on hydrolysis yielded 4-chloro-6-amino-2-methylquinoline. 4-Chloro-6-acetamido-2- 
methylquinoline reacted with piperidine, somewhat slowly on the water-bath, more rapidly 
under reflux, to form 6-acetamido-4-piperidino-2-methylquinoline, and with 6-diethylamino- 
ethylamine to form 4-8-diethylaminoethylamino-6-acetamtido-2-methylquinoline hydrochloride. 

The action of mixtures of phosphorus oxychloride and pentachloride on 6-ntiro-4- 
hydroxy-2-methylquinoline yielded sometimes 4-chloro-6-nttro-2-methylquinoline and at 
others only amorphous products. 4-Chloro-6-nitro-2-methylquinoline yielded 6-nitro-4- 
piperidino-2-methylquinoline with piperidine and 6-mnttro-4-8-diethylaminoethylamino-2- 
methylquinoline with 6-diethylaminoethylamine. 


EXPERIMENTAL. 


Nitration of 4-Hydroxy-2-methylquinoline.—The solution obtained by stirring a mixture of 
nitric acid (d 1-42; 4-9 c.c.) and concentrated sulphuric acid (5 c.c.) into a solution of 
4-hydroxy-2-methylquinoline (10-6 g.) in concentrated sulphuric acid (50 c.c.) at 0° was kept 
for 2 hours at room temperature and poured into ice-water. The crystalline nitro-compound 
which slowly separated was recrystallised from glacial acetic acid, forming yellow rods (8-5 g.), 
m. p. above 400° (Found: N, 13-5. C,H,O,N, requires N, 13-7%), soluble in boiling dilute 
mineral acids, in cold dilute sodium hydroxide and sodium carbonate solutions and in aqueous 
ammonia, forming deep yellow solutions, very slightly soluble in hot alcohol, and slightly 
soluble in hot methyl alcohol, ligroin, and benzene. 

6-A mino-4-hydroxy-2-methylquinoline.—The nitro-derivative (6-12 g.) was slowly added to a 
boiling solution of stannous chloride (20-34 g.) in concentrated hydrochloric acid (60 c.c.) and 
heated on the water-bath for 5 hours. The pale yellow solid which separated on cooling was 
collected and dissolved in water, tin removed with hydrogen sulphide, and the filtrate 
evaporated to small bulk. The hydrochloride (m. p. 300—305°), which separated in needles, 
was dissolved in water and basified with ammonia and the crystals separating were recrystallised 
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from boiling water, forming colourless, shimmering, rectangular plates (3-8 g.), m. p. 345°, 
after blackening at 320° (Found: N, 16-4. C,)H,ON, requires N, 16-3%). The base was 
soluble in dilute acids, insoluble in sodium hydroxide solution, soluble in boiling alcohol, very 
slightly soluble in ligroin, chloroform, acetone and benzene, and insoluble in ether. The 
solution in alcohol had a strong blue-green fluorescence. 

Acetylation.—The base (0-5 g.) and a large excess of acetic anhydride (3 c.c.) were warmed 
together on the water-bath under reflux for 4 hours. The white solid which separated on 
cooling was recrystallised from boiling water, forming small needles (0-35 g.), m. p. 365° after 
blackening at 330° (Found: N, 12-2. C,,H,,0,N,,H,O requires N, 12-0%). It was soluble 
in dilute acids, dilute sodium hydroxide and sodium carbonate solutions, boiling water, boiling 
alcohol and methyl alcohol, but insoluble in chloroform and ligroin. 

Nitration of 4-Hydroxy-2 : 3-dimethylquinoline.—The base (11-6 g.) was dissolved in con- 
centrated sulphuric acid (50 c.c.) and cooled to 0°, and a mixture of nitric acid (d 1-42; 4-5 
c.c.) and concentrated sulphuric acid (5 c.c.) added. 6-Nitro-4-hydroxy-2 : 3-dimethylquinoline, 
isolated as in the previous case and recrystallised from nitrobenzene, formed small greenish- 
yellow needles (7-8 g.), m. p. 380° (Found: N, 12-8. C,,H,,0O,N, requires N, 13-0%). The 
properties of this compound are very similar to those of 6-nitro-4-hydroxy-2-methylquinoline 
except that the solubility in alcohol and other organic solvents is markedly greater. 

6-A mino-4-hydroxy-2 : 3-dimethylquinoline.—Reduction of the nitro-compound was effected 
as in the case of 6-nitro-4-hydroxy-2-methylquinoline. The hydrochloride of the amino-base, 
which separated in long, colourless prisms, m. p. 335°, was dissolved in water and neutralised 
with sodium carbonate solution. The base separated in crystals, which, recrystallised from 
boiling water, formed ball-shaped clusters of needles, m. p. 326°. Yield, 0-64 g. from 1 g. of 
the nitro-compound (Found: N, 15-2. C,,H,,ON, requires N, 14-9%). The properties of 
this base are very similar to those of 4-hydroxy-6-amino-2-methylquinoline. 

6-Chlovro-4-hydroxy-2-methylquinoline.—A mixture of p-chloroaniline (0-5 g.) and acetoacetic 
ester (0-5 g.) containing 0-02 c.c. of concentrated hydrochloric acid (cf. Thomson and Wilson, 
J., 1936, 856) was kept over sulphuric acid in an evacuated desiccator overnight. The 
dehydrated oily product, ethyl 8-p-chlorophenylaminocrotonate, was slowly added to medicinal 
paraffin at 250°. After 5 minutes, the solid was separated from the cooled oil, washed with 
light petroleum, and recrystallised from methyl alcohol; it formed shimmering white plates 
(0-56 g.), m. p. 320—322° (Found: N, 7-3. C,,H,ONCI requires N, 7-2%), soluble in boiling 
dilute mineral acids, hot dilute sodium hydroxide solution, and methyl alcohol, but insoluble 
in sodium carbonate solution, alcohol, benzene and ligroin. 

Ethyl 8-p-bromophenylaminocrotonate (6-2 g.), similarly obtained from p-bromoaniline (5 g.), 
crystallised from light petroleum in feathery needles, m. p. 54° (Found: N, 5-0. C,,H,,O,NBr 
requires N, 4-9%), insoluble in alkalis, soluble in warm dilute mineral acids, ligroin, alcohol 
and methyl alcohol, and very soluble in benzene. 

Heated in medicinal paraffin at 250° for 15 minutes, the ester (5 g.) was converted into 
6-bromo-4-hydroxy-2-methylquinoline, which crystallised from aqueous alcohol in sheaves of 
colourless needles (3-7 g.), m. p. 338° (Found: N, 6-0. C,,H,ONBr requires N, 5-9%), very 
similar in properties to 6-chloro-4-hydroxy-2-methylquinoline. 

Ethyl 8-p-A cetamidophenylaminocrotonate.—A solution of p-aminoacetanilide (7-5 g.) in the 
minimum amount of boiling alcohol was mixed with ethyl acetoacetate (6-5 g.) and concentrated 
hydrochloric acid (0-05 c.c.), heated on the water-bath for 15 minutes, and diluted with water. 
The precipitated ester crystallised from benzene in colourless needles (11-8 g.), m. p. 180° 
(Found: N, 11-0. C,,H,,0,N, requires N, 10-7%), soluble in hot dilute mineral acids and in 
alcohol, insoluble in hot dilute alkali and light petroleum. 

Heated in medicinal paraffin at 260°, the ester (1 g.) was converted into 6-acetamido-4- 
hydroxy-2-methylquinoline, which crystallised from alcohol in colourless plates (0-7 g.), m. p. 
368° after blackening at 330° (Found: N, 13-2. Calc. for C,,H,,0,N,: N, 13-0%), identical 
with the acetylated 6-amino-4-hydroxy-2-methylquinoline already described. 

Ethyl 8-p-acetamidophenylamino-a-methylcrotonate, prepared from p-aminoacetanilide and 
ethyl methylacetoacetate in alcohol containing hydrochloric acid as in the case of ethyl B-p- 
acetamidophenylaminocrotonate, crystallised from aqueous alcohol in small, colourless plates, 
m. p. 169° (Found: N, 10-3. C,;H,,0,N, requires N, 10-:1%), soluble in hot dilute mineral 
acids, alcohol, benzene and acetone, slightly soluble in ligroin, and insoluble in alkali. 

Heated in medicinal paraffin at 260°, the ester (1 g.) was converted into 6-acetamido-4- 
hydroxy-2 : 3-dimethylquinoline, which crystallised from alcohol in colourless, small plates 
(0-63 g.), m. p. 385° after blackening at 350° (Found: N, 12-0. C,,;H,,O,N, requires N, 
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12-2%). This compound resembled 6-acetamido-4-hydroxy-2-methylquinoline in properties 
and on hydrolysis furnished 6-amino-4-hydroxy-2 : 3-dimethylquinoline identical with the base 
already described. 

4-Chloro-6-nitro-2-methylquinoline.—6-Nitro-4-hydroxy-2-methylquinoline (6 g.) was refluxed 
with phosphorus oxychloride (8 c.c.) and phosphorus pentachloride (16-2 g.) for 1 hour at 120°. 
The purple solution, after cooling, was poured on ice, and the aqueous solution obtained was 
filtered and basified with sodium hydroxide. The white solid precipitate crystallised from 
alcohol in colourless needles (4-2 g.), m. p. 142° (Found: N, 12-5. C, ,H,O,N,Cl requires N, 
12-6%), insoluble in alkali, soluble in dilute mineral acids, alcohol, methyl alcohol and ligroin, 
and very soluble in benzene, acetone and ether. 

6-Nitro-4-piperidino-2-methylquinoline.—4-Chloro-6-nitro-2-methylquinoline (0-3 g.) and 
piperidine (0-5 c.c.) were warmed on the water-bath for 1 hour. The solid which separated 
on cooling crystallised from aqueous alcohol in golden leaflets (0-28 g.), m. p. 145° (Found : 
N, 15-5. C,;H,,O,N; requires N, 15-6%), insoluble in alkali, soluble in dilute acids, alcohol, 
methyl alcohol, ligroin and acetone, and very soluble in benzene. 

6 - Nitro-4-8-diethylaminoethylamino-2-methylquinoline. — 4-Chloro-6-nitro-2-methylquinoline 
(0-3 g.) and §-diethylaminoethylamine (0-5 c.c.) were refluxed together at 140° for 3 hours. 
On addition of water to the solution, after cooling, a bright yellow solid separated, which, 
recrystallised from aqueous alcohol, had m. p. 100—102°. Yield, 0-23 g. (Found: N, 16-7. 
C,,H,,0,N,,2H,O requires N, 16-6%). The base was insoluble in alkali, soluble in dilute acids, 
alcohol, methyl alcohol, benzene and ligroin, and very soluble in chloroform. 

4-Chloro-6-bromo-2-methylquinoline.—6-Bromo-4-hydroxy-2-methylquinoline (0-34 g.), phos- 
phorus oxychloride (4 c.c.), and phosphorus pentachloride (0-5 g.) were refluxed at 120° for 4 
hours. The product was poured on ice, and the aqueous solution neutralised with sodium 
hydroxide. The white solid which separated crystallised from aqueous alcohol in long 
colourless needles (0-35 g.), m. p. 75° (Found: N, 5-3. C,,H,NCIBr requires N, 5-5%), 
insoluble in alkali, soluble in dilute acids, alcohol, methyl alcohol, benzene and ligroin, and 
very soluble in acetone and chloroform. 

4-Chloro-6-acetamido-2-methylquinoline.—6-Acetamido-4-hydroxy-2-methylquinoline (0-5 g.), 
phosphorus oxychloride (4 c.c.), and phosphorus pentachloride (0-5 g.) were refluxed at 120° 
for 1 hour, and the product worked up in the usual way. The white solid which separated 
on neutralisation with sodium hydroxide was recrystallised from benzene; m. p. 210°. Yield, 
0-48 g. (Found: N, 11-8. C,,H,,ON,Cl requires N, 11-99%). It was soluble in dilute mineral 
acid, insoluble in dilute alkali solution, very soluble in alcohol, soluble in methyl alcohol and 
benzene, and slightly soluble in ligroin. 

4-Chloro-6-amino-2-methylquinoline.—4-Chloro-6-acetamido-2-methylquinoline (0-3 g.) was 
refluxed with 1 c.c. of concentrated hydrochloric acid and 4 c.c. of water for 15 minutes. 
After cooling, the solution was neutralised with sodium hydroxide and the bright yellow solid 
precipitated was recrystallised from benzene; m. p. 145°. Yield, 0-18 g. (Found: N, 14:3. 
C,)H,N,Cl requires N, 14-6%). It was soluble in dilute mineral acids, insoluble in dilute 
aqueous sodium hydroxide, sodium carbonate, and ammonia, very soluble in ethyl alcohol 
and methyl alcohol, soluble in benzene, and slightly soluble in ligroin. 

6-A cetamido-4-piperidino-2-methylquinoline.—4-Chloro-6-acetamido-2-methylquinoline (0-2 
g.) and piperidine (1 c.c.) were refluxed at 130° for 2 hours. Water was added to the solution 
after cooling, and the white solid obtained was crystallised by precipitating it with water 
from a filtered alcoholic solution; m. p. 87° (Found: N, 14:2; H,O, 5-9. C,,H,,ON;,H,O 
requires N, 14:0; H,O, 6-0%). The base was insoluble in alkali, soluble in dilute acids, and 
beiling water, very soluble in alcohol, and slightly soluble in methyl] alcohol. 

4-8-Diethylaminoethylamino-6-acetamido-2-methylquinoline Hydrochloride.—4-Chloro-6-acet- 
amido-2-methylquinoline (0-2 g.) and 6-diethylaminoethylamine (1 c.c.) were refluxed at 140— 
150° for 4 hours. After removal of the excess of diethylaminoethylamine in a vacuum on the 
water-bath, a sticky brown oil remained, which solidified to a yellow solid when rubbed with 
acetone. It crystallised from alcohol—acetone in ball-shaped clusters of needles, m. p. 272° 
(Found: N, 15-6. C,,H,,ON,,HCl requires N, 16-0%). The hydrochloride was very soluble 
in water and alcohol, slightly soluble in ether, and insoluble in acetone, ligroin and benzene. 


We thank the Department of Scientific and Industrial Research and the Medical Research 
Council for grants to one of us (A. P. W.) which enabled this work to be carried out. 


(Received, January 13th, 1939.] 








[1939] Anionotropic and Prototropic Changes in Cyclic Systems. 567 


128. Anionotropic and Prototropic Changes in Cyclic Systems. Part VI. 
cis- and trans-3 : 4-Diphenylcyclopentanones. The Structure of the 
Ketone obtained by Reduction of 2-Hydroxy-3 : 4-diphenyl-A?-cyclo- 
pentenone with Hydriodic Acid. 

By HAROLD BuRTON and CHARLES W. SHOPPEE. 


Methods of preparation of cis- and trans-3 : 4-diphenylcyclopentanones are given. 
The “‘ 3: 4-diphenylcyclopentanone ”’ of Allen and Rudoff (Canadian J. Res., 1937, 
B, 15, 321) is proved to be a 2: 3-diphenylcyclopentenone, since it is reduced to 
trans-2 : 3-diphenylcyclopentanone. The position of the double linking in the un- 
saturated ketone could not be established, probably because it is part of an active 
prototropic system. The ease of prototropic change in cyclopentenones is further 
investigated. 


IN connexion with the investigation of a compound considered by us (J., 1934, 201) to be 
2-chloro-3 : 4-diphenyl-A?-cyclopentenone, we had prepared two ketones, m. p. 110° 
and 177°, and from their methods of preparation, analyses, and properties, had concluded 
that these were the isomeric cis- and trans-3 : 4-diphenylcyclopentanones (Ia, Id). We 
were actually engaged on the synthesis of these ketones from methyl meso- and dl-fy- 
diphenyladipate by means of the Dieckmann reaction when the identical method was 
published by Weidlich (Ber., 1938, 71, 1601), who found that the meso- and the dl-ester 
gave respectively the cis- (m. p. 107°) and the ¢vans- (m. p. 177°) ketone. 
HPh-CH, CPh—C-OH HPh:CO 
CO [ co I C0 
CHPh:-CH, CHPh:CH, HPh-CH, 
(Ia; cis.) (Ib; trans.) (II.) (III.) 


trans-3 : 4-Diphenylcyclopentanone (Ib) was actually prepared by von Liebig (Amnalen, 
1914, 405, 188) by the reduction of 2-hydroxy-3 : 4-diphenyl-A?-cyclopentenone (II), an 
enolic modification of 3 : 4-diphenyleyclopentane-1 : 2-dione (III), or of the sulphonic acid 
formed as an intermediate in the preparation of (II) (loc. cit.), with sodium amalgam. We 
have confirmed the first-named observation, but find that some of the czs-isomeride (Ia) 
and a small amount of a 3: 4-diphenylcyclopentane-1 : 2-diol are also produced. Von 
Liebig’s conjecture that the ketone (m. p. 175°), that is (Ib), obtained by him might be 
2: 3-diphenyleyclopentanone is negatived by the fact that it yields a dipiperonylidene 
derivative. We have also prepared the cis-ketone (Ia) by catalytic reduction of 3: 4- 
diphenyl-A*-cyclopentenone (IV) in presence of platinum-black. Reduction proceeds slowly, 
as might be expected with a compound containing the -CPh:CPh: group, and it is actually 
Ph-CH, Ph—CH HPh-CO 
i — I CO I no 
Ph-CH, HPh:CH, HPh-CH, 
(IV.) (V.) (VI.) 


much more convenient to carry out the reduction in presence of Adams’s catalyst to 
cis-3 : 4-diphenylcyclopentanol, which undergoes smooth oxidation by chromic anhydride 
in 90% acetic acid to the required ketone. If, however, the unsaturated ketone (1V) 
is reduced by sodium and boiling ethyl alcohol, a mixture of the cis- and the trans-cyclo- 
pentanol is produced ; subsequent oxidation gives the ketones, which are readily separated 
owing to their differing solubilities in methyl alcohol. The cis-ketone (Ia) also yields 
a dipiperonylidene derivative and both (Ia) and (Id) have been further characterised by 
means of oximes and 2: 4-dinitrophenylhydrazones. 

While some of the above work was being carried out, a closely related investigation 
was published by Allen and Rudoff (Canadian J. Res., 1937, B, 15, 321). These authors 
state that the hydroxy-ketone (II), or, better, the chloride obtained therefrom by the 
action of phosphoryl chloride, was reduced by red phosphorus and hydriodic acid to a 
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3 : 4-diphenylcyclopentanone, m. p. 92° (corr.), which gave a 2 : 4-dinitrophenylhydrazone, 
m. p. 228° (corr.), and was dehydrogenated by selenium dioxide in dioxan to the un- 
saturated ketone (IV). We have prepared this supposed 3 : 4-diphenyleyclopentanone by 
the above methods, and we find from analyses of the ketone itself and of its oxime and 
2: 4-dinitrophenylhydrazone that it is actually a diphenylcyclopentenone (A). We first 
thought that this ketone might be the unknown 3: 4-diphenyl-A*-cyclopentenone (V), 
but we had to abandon this view when we discovered that catalytic reduction (Adams) 
gave a dsphenylcyclopentanone, m. p. 98°, and/or a diphenylcyclopentanol; the latter 
was readily oxidised by chromic acid to the former. The new saturated ketone thus differs 
from cis- and trans-3 : 4-diphenylcyclopentanone, but since it undergoes Clemmensen 
reduction to trans-1 : 2-diphenylcyclopentane (Weidlich, Joc. cit.), it must contain the 
cyclopentane ring and contiguous phenyl groups. We must, therefore, conclude that the 
ketone, m. p. 98°, is trans-2 : 3-diphenylcyclopentanone (VI); this has been further charac- 
terised by means of its oxime, semicarbazone, and 2 : 4-dinitrophenylhydrazone. 

The diphenylcyclopentenone (A) obtained in the reductions with hydriodic acid would 
then be a 2: 3-diphenylcyclopentenone. The production of such a compound from, for 
example, the hydroxy-ketone (II) may appear surprising, but it must be remembered 
that the diketone (III) can also react in the alternative enolic modification (VII)—a 
view originally put forward by von Liebig (loc. cit.) in order to explain the production 
of isomeric benzoates when (II) was benzoylated under alkaline and under acidic conditions. 
In these circumstances the primary reduction product of (II) [reacting as (VII)] may well 


CHPh-CO weg - le (an CPh:CO - 
C-OH = = 
HPh-Cf HPh-Cfi ma=ch bach . 
(VII.) (VIII.) (IX.) (X.) 

be 2 : 3-diphenyl-A*-cyclopentene (VIII), but this, however, contains a prototropic system 
and may undergo the tautomeric change (VIII) => (IX) == (X). We have carried out 
numerous oxidation experiments on the diphenylcyclopentenone (A), but the only identifi- 
able product formed in neutral or acidic media was benzoic acid. On the other hand, 
alkaline sodium hypobromite gave diphenylmaleic anhydride and (probably) «f-diphenyl- 
glutaric acid but no benzoic acid. The production of the diphenylglutaric acid would 
appear to involve a reduction (probably at the expense of some of the oxidised material) 
of the unsaturated ketone to the cyclopentanone and subsequent oxidation of this. The 
evidence concerning the structure of (A) is thus inconclusive, pointing to (X) under strongly 
alkaline conditions and (IX) or (X) under other conditions. Curiously enough, no evidence 
has been obtained for structure (VIII), which should give a«’-diphenylsuccinic acid on 
oxidation. It is probably best to regard the diphenylcyclopentenone (A) as a mixture 
of interchangeable isomerides. In view of this apparent ease of prototropic changes in 
the diphenylcyclopentenone system, we decided to examine the system (IV) == (V). In 
order to do this we attempted the synthesis of (V) by eliminating hydrogen bromide from 
2-bromo-cis-3 : 4-diphenylcyclopentanone, which, unlike its tvans-isomeride, was obtained 
in a crystalline condition. When either bromide was treated with pyridine, even under 
relatively mild conditions, the sole product was the A*-cyclopentenone (IV), indicating that 
the prototropic change is again facile. 

We have found, however, that the 3 : 4-diphenyl-A*-cyclopentenone (IV) can react in 
its isomeric modification (V), since ozonolysis invariably gives some desylacetic acid 
(COPh-CHPh:CH,°CO,H), which can only arise from (V). It may be noted that the 


CPh:CHMe CPh=CMe 
(XI.) || CO | B00 (XII) 
CPh-CHMe HPh-CHMe 


dimethyl homologues, (XI) and (XII), of (IV) and (V) exist as separate individuals and 
that Japp and Maitland (J., 1904, 85, 1484) observed the change (XII —-> XI) in the 
presence of alcoholic hydrogen chloride. 

We are at a loss to account for Allen and Rudoff’s assertion that their “‘ 3 : 4-diphenyl- 
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cyclopentanone ”’ could be dehydrogenated to (IV); under their experimental conditions 
we have never been able to obtain (IV) or, for that matter, any other identifiable 
roduct. 

. The production of the diphenylcyclopentenone (A) from the chloride obtained by 
Allen and Rudoff (loc. cit.) from (11) and phosphoryl chloride must, we think, be considered 
fairly conclusive evidence against the structure, viz., 2-chloro-3 : 4-Jiphenyl-A*-cyclo- 
pentenone (II, with OH = Cl), assigned by these authors to the chloride. We hope to 
present further evidence on this point in another communication. 


EXPERIMENTAL:  _ 

Reduction of 2-Hydroxy-3 : 4-diphenyl-A*-cyclopentenone (II) with Sodium Amalgam. Forma- 
tion of cis- and trans-3 : 4-Diphenylcyclopentanone (Ia) (Ib).—A solution of the hydroxy- 
ketone (II) (7-5 g.) in hot aqueous potassium hydroxide was cooled to 40° and treated with 
1 kg. of 3% sodium amalgam with stirring for 18 hours. After filtration, the clear liquid was 
extracted thrice with ether and the combined extracts were dried with potassium carbonate 
and evaporated, furnishing a colourless oil, which crystallised when kept; after drainage on 
porcelain, and two crystallisations from methyl alcohol, 3 : 4-diphenylcyclopentane-1 : 2-diol 
formed colourless plates, m. p. 114° [Found: C, 80-0; H, 7-1; M (Rast), 279. C,,H,,0, 
requires C, 80-0; H, 7°1%; M, 254]. 

The solid residue from the foregoing filtration was extracted repeatedly with ether, and 
the combined extracts dried with potassium carbonate and partially evaporated; a solid 
which then separated was filtered off, and the filtrate (F) was worked up as described later. 
After the solid had been washed with a little ether and twice crystallised from methyl alcohol, 
tvans-3 : 4-diphenylcyclopentanone separated in long colourless needles, m. p. 177° (cf. Weidlich, 
loc. cit.) [Found: C, 86-2; H, 6-7; M (Rast), 247. Calc. for C,,H,,0: C, 86-4; H, 68%; 
M, 236). The 2: 4-dinitrophenylhydrazone, rapidly formed by Brady’s method (J., 1931, 
756), crystallised from chloroform—methy] alcohol in orange-yellow rosettes, m. p. 170° (Found : 
C, 66-7; H, 4-7; N, 13-6. C,,H,,O,N, requires C, 66-35; H, 4-85; N, 13-5%). The oxime, 
recrystallised from methyl alcohol, formed colourless plates which contained methyl] alcohol, 
m. p. (indefinite) 109—113°; the crystals effloresced on keeping and then had m. p. 121-5° 
[Found : C, 80-9; H, 6-6; N, 5-9; M (Rast), 233. C,,H,,ON requires C, 81-3; H, 6-8; N, 
5-6%; M, 251]. The dipiperonylidene derivative was obtained by heating the ketone (0-23 g.) 
with piperonal (0-3 g.) in alcohol (10 c.c.) containing potassium hydroxide (0-3 g.) on the steam- 
bath; the clear yellow solution deposited crystals in a few minutes, and after 48 hours these 
were filtered off and recrystallised from ethyl alcohol, separating in yellow needles, m. p. 220° 
[Found: C, 79-2; H, 4:8; M (Rast), 560. C,,H,,O, requires C, 79-2; H, 48%; M, 500]. 

The ethereal filtrate (F) (above) and washings were combined and evaporated, and the 
resulting semi-solid triturated with methyl alcohol; after draining on porcelain, the product 
was repeatedly crystallised from methyl alcohol, cis-3 : 4-diphenylcyclopentanone being obtained 
in colourless plates, m. p. 110° (cf. Weidlich, Joc. cit.) [Found: C, 86-1; H, 6-8; M (Rast), 
243. Calc. for C,,H,,O: C, 86-4; H, 6-8%; M, 236]; an alternative solvent is ligroin (b. p. 
60—80°), from which the ketone separates in long needles. The 2: 4-dinitrophenylhydrazone 
was readily prepared; twice recrystallised from ethyl acetate—methyl alcohol, it formed yellow 
needles, m. p. 208° (Found: C, 66-7; H, 4-8; N, 13-8. C,,;H,,O,N, requires C, 66-35; H, 
4-85; N, 13-5%). The oxime separated from dilute methyl alcohol in colourless needles, m. p. 
137—138° (Found: C, 81-6; H, 6-9; N, 5-6. C,,H,,ON requires C, 81-3; H, 6-8; N, 5-6%). 
The dipiperonylidene derivative (prepared similarly to the corresponding t¢vans-compound) 
formed yellow needles from methyl acetate—methyl alcohol, m. p. 240°, unchanged by further 
crystallisation [Found: C, 79-2; H, 4-9; M (Rast), 560. C,,H,,0O, requires C, 79-2; H, 
48%; M, 500}. 

Reduction of 3 : 4-Diphenyl-A*-cyclopentenone (IV).—The ketone (IV) was prepared from 
anhydroacetonebenzil by the method of Japp and Lander (J., 1897, 71, 131), and characterised 
as its 2 : 4-dinitrophenylhydrazone, which has been reported to melt at 233° by Allen and Rudoff 
(loc. cit.); several independent preparations, recrystallised from (a) chloroform—methy] alcohol, 
(6) xylene, and (c) ethyl acetate—ethyl alcohol (the best medium), gave red needles, m. p. 259— 
260° (decomp.) [Found: C, 66-8; H, 4:3; N, 13-7 (a); C, 66-55; H, 4:3; N, 13-5 (0); 
C, 66-6; H, 4-4; N, 13-3 (c). C,3H,,0,N, requires C, 66-7; H, 4:4; N, 13-5%]. 

(a) With platinum-black. The ketone (0-6 g.), dissolved in alcohol and shaken with platinum- 
black in hydrogen, absorbed 50 c.c. in 1} hours (calc., 57 c.c.). Evaporation, and crystallis- 
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ation of the resulting solid from methyl alcohol, furnished cis-3 : 4-diphenylcyclopentanone, 
m. p. 105—106°, which was characterised by formation of the 2: 4-dinitrophenylhydrazone, 
m. p. 208°, not depressed by admixture with a genuine specimen [Found: C, 66-45; H, 4-6; 
N, 13-2%; M (Rast), 266], and the dipiperonylidene derivative, m. p. 240°, mixed m. p. 240° 
[Found: C, 79-3; H, 4:8%; M (Rast), 513]. 

(b) With platinum oxide. The ketone (11-9 g.), dissolved in 250 c.c. of alcohol and 
shaken with Adams’s catalyst (1 g.) in hydrogen, absorbed 2-1 1. (calc., 2-24 1.) in 10 hours. 
The blue fluorescent solution was evaporated; the residual oil crystallised at once. Recrystal- 
lised from ligroin (b. p. 60—80°), cis-3 : 4-diphenylcyclopentanol formed rosettes of needles, 
m. p. 85—86° [Found : C, 85-7; H, 7-7; M (Rast), 256. C,,H,,O requires C, 85-7; H, 7-6%; 
M, 238}. 

The carbinol (6-7 g.), dissolved in 200 c.c. of 90% acetic acid, was treated with chromic an- 
hydride (2-1 g.) at room temperature. After standing overnight, the green solution was poured 
into water and extracted with ether, and the extract washed with 2n-sodium hydroxide and 
with water, dried with potassium carbonate, and evaporated. The oil crystallised readily and, 
recrystallised from methyl alcohol, afforded cis-3 : 4-diphenylcyclopentanone (6 g.), m. p. 108— 
109°. 
(c) With sodium and ethyl alcohol. A solution of the ketone (10 g.) in 100 c.c. of hot alcohol 
was poured on sodium wire (20 g.); after solution of all the metal (necessitating the addition 
of a further 100 c.c. of alcohol), the product was treated with much water and extracted several 
times with ether, and the combined extracts well washed with water, dried with potassium 
carbonate, and evaporated. The resulting oil was distilled, the main portion (6-5 g.) passing 
over as a yellow oil, b. p. 195—197°/2 mm., which would not crystallise and probably con- 
sisted of a mixture of stereoisomeric 3 : 4-diphenylcyclopentanols. 

The mixed carbinols (6-2 g.), dissolved in 200 c.c. of 90% acetic acid, were treated with 
chromic anhydride (2-0 g.) at room temperature; after standing overnight, the product was 
poured into much water, and the precipitate filtered off. A solution of the dry precipitate 
in hot methyl alcohol, on cooling, deposited the tvans-ketone in an almost pure condition; 
after evaporation of the mother-liquor to one half its bulk, the cis-ketone crystallised on cooling. 
Recrystallisation afforded the ketones in a state of purity, m. p. 177° and 108—109°, 
respectively. 

Clemmensen Reduction of the cis- and trans-3 : 4-Diphenylcyclopenianones.—(i) The cis- 
ketone (0-75 g.) was heated under reflux with amalgamated zinc wool and hydrochloric acid 
for 5 hours; the product was taken up in ether, and the ethereal extract washed with much 
water and with 2n-sodium hydroxide, dried, and evaporated; the residual oil, possessing a 
faint geranium-like odour, crystallised on cooling in ice, and furnished cis-1 : 2-diphenylcyclo- 
pentane, m. p. 47°, after crystallisation from ligroin (b. p. 40—60°). 

(ii) Similar procedure with the trans-ketone (0-25 g.) afforded trans-1 : 2-diphenylcyclopent- 
ane, as an oil with a pronounced odour of geraniums, which crystallised with extreme ease 
and after recrystallisation from ligroin (b. p. 60—80°) had m. p. 65° (cf. Weidlich, loc. cit.). 

Reduction of 2-Hydroxy-3 : 4-diphenyl-A*-cyclopentenone (II) with Hydriodic Acid and 
Phosphorus. Formation of 2: 3-Diphenylcyclopentenone (A).—The hydroxy-ketone (II) 
(2 g.), red phosphorus (1-2 g.), 48% hydriodic acid (4 c.c.), and acetic acid (10 c.c.) were refluxed 
for 4 hours, the solution filtered hot into 140 c.c. of water containing a little sulphur dioxide, 
and the mixture extracted thrice with ether (cf. Allen and Rudoff, loc. cit.). The combined 
ethereal extracts were washed twice with 2n-sodium hydroxide (the washings exhibited no 
turbidity on acidification), with water, dried with potassium carbonate, and evaporated, yield- 
ing a colourless oil, which readily solidified on stirring. In contrast with its ready solidification, 
the product was extremely difficult to crystallise; a dilute solution in aqueous alcohol slowly 
deposited crystals, m. p. 76—77°, which were unsaturated to permanganate in acetone, but 
decolorised a solution of bromine in carbon tetrachloride only slowly and with evolution of 
hydrogen bromide; we found the best medium for crystallisation to be ligroin (b. p. 60—80°) 
containing a little ether or benzene, the vessel being lagged with cotton wool; crystallised 
twice in this way, 2: 3-diphenylcyclopentenone formed nodules, m. p. 83° [Found: C, 86-7, 
87-1; H, 6-0, 6-4; M (Rast), 247. C,,H,,0 requires C, 87-2; H, 60%; M 234]. Another 
preparation (time of reduction, 2 hours) had m. p. 83—84° after two crystallisations (Found : 
C, 86-7; H, 6-15%), and the highest m. p. observed after repeated crystallisation was 89° 
with slight previous softening (Found: C, 86-9; H, 6-2%) (Allen and Rudoff, loc. cit., give 
92° corr.). The product could be distilled, b. p. 215°/15 mm., and after crystallisation had 
m. p. 83—84°. The 2: 4-dinitrophenylhydrazone was highly characteristic; although formed 
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rapidly with methyl-alcoholic 2: 4-dinitrophenylhydrazine sulphate (Brady, Joc. cit.) as an 
orange precipitate, it separated from ethyl acetate-ethyl alcohol in dark red needles, m. p. 
225° (as described by Allen and Rudoff, who give m. p. 228° corr.) (Found: C, 66-75; 
H, 4:5; N, 13-0. C,,;H,,0,N, requires C, 66-7; H, 4-4; N, 13-5%). The oxime was sparingly 
soluble in boiling alcohol, from which it separated in iridescent plates or needles, decomp. 257— 
258° after previous darkening and sintering [Found: C, 82-0; H, 6-0; N, 5-6; M (Rast) 262, 
267. C,,H,,ON requires C, 81-9; H, 6-0; N, 56%; M, 249]; the oxime was more soluble 
in boiling isoamyl alcohol, from which it separated in iridescent plates. Attempts to prepare 
a piperonylidene derivative under alkaline conditions were unsuccessful, the product consisting 
of an amorphous buff precipitate; use of hydrogen chloride in glacial acetic acid (Ruhemann and 
Levy, J., 1913, 103, 551) gave an apparently uncrystallisable orange solid. 

Treatment of the ketone with selenium dioxide in dioxan according to the directions of 
Allen and Rudoff (loc. cit.) furnished a little unaltered ketone, isolated as the characteristic 
2: 4-dinitrophenylhydrazone, m. p. 224°, mixed m. p. 224—225°, as the only identifiable 
product. Repetition on a larger scale yielded traces of two imperfectly crystalline 2 : 4-dinitro- 
phenylhydrazones insufficient for purification: (a) bright red and the more soluble in ethyl 
acetate, m. p. 243—-245° (decomp.); (b) dark red and less soluble, m. p. 252° (decomp.). No 
trace could be discovered of the 2 : 4-dinitrophenylhydrazone, m. p. 233°, described by Allen 
and Rudoff (ioc. cit.) and considered by them to be that of the A*-cyclopentenone (IV) (see 
p. 569). 

Reduction of 2: 3-Diphenylcyclopentenone (A) with the Clemmensen Reagent. Formation 
of trans-1 : 2-Diphenylcyclopentane.—The ketone was heated under reflux with amalgamated 
zinc wooi and hydrochloric acid for 5 hours; the sublimate, which collected in the condenser, 
was dissolved out with ether. The ethereal solution by evaporation gave trans-1 : 2-diphenyl- 
cyclopentane, m. p. 63° after crystallisation from ligroin (b. p. 40—60°). 

Reduction of 2: 3-Diphenylcyclopentenone (A) with Platinum Oxide. Formation of trans- 
2: 3-Diphenylcyclopentanone (V1).—Use of platinum-black and hydrogen with alcohol as 
solvent was ineffective. The unsaturated ketone (3-6 g.) was therefore shaken with Adams’s 
catalyst (0-6 g.) and hydrogen in alcoholic solution (30 c.c.); when 345 c.c. of hydrogen had 
been absorbed in 55 mins. (calc. for one double bond, 344 c.c.), the reaction was stopped. 
After filtration, and removal of the solvent in a vacuum, the residual oil was dissolved in ether, 
and the solution dried with potassium carbonate, evaporated, and distilled. The whole of 
the product passed over from 170—180°/0-5 mm., and rapidly crystallised on cooling and 
scratching. After two recrystallisations from ether-—ligroin (b. p. 40—60°) trans-2 : 3-diphenyl- 
cyclopenianone formed colourless prisms, m. p. 98° [Found: C, 86-4, 86-55; H, 7-0, 6-7; M 
(Rast), 228, 256. C,,H,,O requires C, 86-4; H, 68%; M, 236]. The 2: 4-dinitrophenyl- 
hydrazone formed rapidly and crystallised from ligroin (b. p. 80—100°) in orange needles, m. p. 
142° (Found: C, 66-5; H, 5-0; N, 13-6. C,,H,,O,N, requires C, 66-35; H, 4-85; N, 13-5%). 
The semicarbazone, twice crystallised from hot methyl alcohol, formed colourless needles, which 
were photosensitive; m. p. 195—196° (decomp.) (Found: C, 73:5; H, 6-55; N, 14-25. 
C,,H,,ON, requires C, 73-7; H, 6-5; N, 14:3%). The oxime separated from alcohol in colourless 
plates, m. p. 187° (Found: C, 81-3; H, 6-8; N, 5-6. (C,,H,,ON requires C, 81-3; H, 6-8; 
N, 56%). The ketone and piperonal did not yield a piperonylidene derivative in presence 
of methyl-alcoholic potassium hydroxide or of sodium methoxide; both these agents afforded 
the same substance, which appeared to be the addition product C,;H,,O, and crystallised from 
methyl alcohol in pale lemon-yellow prisms, m. p. 190° [Found: C, 77-45, 77-45, 77-9, 77-8; 
H, 5-0, 5-05, 5-1, 5-1; M (Rast), 400. C,;H,,O, requires C, 77:7; H, 5-7%; M, 386]. The 
substance was unaffected by boiling acetic anhydride, or by a boiling mixture of acetic acid 
and acetic anhydride containing a trace of iodine, but was altered by boiling acetic anhydride 
containing one drop of sulphuric acid to an amorphous substance. 

The ether—ligroin mother-liquor from the crystallisation of the ketone was evaporated, and 
the residual oil dissolved in alcohol and treated with semicarbazide acetate for 48 hours; 
after removal of the semicarbazone, dilution of the alcoholic solution furnished an oil (O). 

In a repetition of the hydrogenation, with platinum oxide (0-65 g.), the unsaturated ketone 
(5-4 g.) in alcohol (50 c.c.) rapidly absorbed hydrogen (520 c.c.; calc. for H,, 517 c.c.), but 
the product, b. p. 165—180°/0-5 mm., would not solidify. It was dissolved in alcohol and 
treated with semicarbazide acetate, which removed a quantity of the saturated ketone present ; 
the alcoholic solution by dilution yielded an oil, which was combined with the previous speci- 
men (O); the oil, extracted with ether, dried (potassium carbonate), and distilled, boiled con- 
stantly at 160°/0-5 mm., crystallised after some months, and proved to be trans-2 : 3-diphenyl- 
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cyclopenianol (Found: C, 85-4, 85-6; H, 7-65, 7-55. C,,H,,O requires C, 85-7; H, 7-6%). 
The carbinol (3 g.), dissolved in 90% acetic acid (100 c.c.), was oxidised with chromic anhydride 
(1-0 g.) at 15°; the product was poured into water and extracted with ether, and the extract 
washed with 2n-sodium hydroxide and with water, dried with .potassium carbonate, and 
evaporated ; trans-2 : 3-diphenylcyclopentanone, m. p. 97—98° after crystallisation from ether— 
ligroin, was then obtained. 

Clemmensen Reduction of trans-2 : 3-Diphenylcyclopentanone to trans-1 : 2-Diphenylcyclo- 
pentane.—The ketone (2 g.) was refluxed for 5 hours with amalgamated zinc and hydrochloric 
acid, the product extracted with ether, and the extract, after being washed with 2n-sodium 
hydroxide and with water, dried, and evaporated, leaving trans-1 : 2-diphenylcyclopentane, 
m. p. 62° (crude), m. p. 65—66° after crystallisation from ligroin (b. p. 60—80°) [Found : 
C, 91-8; H, 8-2; M (Rast), 219. Calc. for C,,H,,: C, 91-9; H, 81%; M, 222]. 

Oxidation of 2 : 3-Diphenylcyclopentenone (A).—The ketone was recovered unchanged after 
treatment with ethereal hydrogen peroxide in the presence of osmium tetroxide at 15° for 
12 hours (Criegee, A nnalen, 1936, 522, 94), and after boiling for 6 hours in dioxan with potassium 
chlorate and a trace of osmium tetroxide. 

Ozonolysis at 0° in methyl acetate or in chloroform and decomposition of the ozonide 
by water containing a little hydrogen peroxide and ferrous sulphate gave only benzoic acid; 
use of warm water alone for fission of the ozonide furnished only benzoic acid. The neutral 
product in all cases consisted of a mere trace of oil, from which no ketone was recoverable. 
Similarly, use of potassium permanganate in 90% acetone at — 15°, or of chromium trioxide 
in 90% acetic acid at 15°, afforded only benzoic acid, unaccompanied by any unaltered ketone. 
After oxidation by potassium hypobromite by stirring in suspension in aqueous dioxan at 
0° to 15° for 48 hours, much ketone was filtered off and recovered unchanged. The filtrate 
after acidification by passage of sulphur dioxide, and further acidification with 2n-sulphuric 
acid, was repeatedly extracted with ether. From the combined extracts (E), acid products 
were removed by washing with sodium bicarbonate solution; acidification of the alkaline 
liquor, extraction with ether, drying, and evaporation furnished an oil, which solidified when 
rubed with benzene. After draining, two crystallisations from benzene and recrystallisation 
from toluene afforded «$-diphenylglutaric acid, m. p. 207° [Found: C, 71-6; H, 5-7; M (by 
titration), 280; M (Rast) 337. Calc. for C,,H,,0,: C, 71-8; H, 5-7%; M, 284]; the acid 
was stable to alkaline permanganate. 

The ethereal extracts (E) were washed with 2n-sodium hydroxide, and the washings 
acidified and extracted with ether; after drying and evaporation, a yellow oil was obtained 
which readily solidified; twice crystallised from ligroin (b. p. 120—140°), the substance 
formed yellow needles, m. p. 150°, and was identified as diphenylmaleic anhydride, mixed 
m. p. 150° with a genuine specimen. 

Bromination of the cis- and trans-3 : 4-Diphenylcyclopentanones, and Formation of 3: 4- 
Diphenyl-A®-cyclopentenone (IV).—(i) The cis-ketone (1-15 g.) was treated in chloroform 
solution with bromine (0-8 g.); after a short induction period, the bromine disappeared with 
evolution of hydrogen bromide. Following the removal of solvent in a vacuum, the product 
was dissolved in ether, washed with water, and dried with sodium sulphate; evaporation left 
an oil, which solidified on treatment with benzene-ligroin, and two crystallisations from ligroin 
(b. p. 60—80°) containing a trace of ether furnished 2-bromo-cis-3 : 4-diphenylcyclopentanone, 
m. p. 91° to a turbid liquid, clearing at 98° (Found: Br, 24-45. C,,H,,OBr requires Br, 
25-4%). The bromo-ketone by treatment with boiling pyridine afforded 3 : 4-diphenyl-A?- 
cyclopentenone, m. p. 110°, mixed m. p. 110°, unaccompanied by any other product. A 
repetition conducted for 18 hours at 35°, the product being maintained below 10° during working 
up, yielded the A*-unsaturated ketone, m. p. 110°, and no trace of a A*-isomeride could be 
discovered. ; 

(ii) The trans-ketone (1-15 g.) was subjected to the treatment given above, but the product 
could not be satisfactorily crystallised and was therefore treated directly with pyridine at 
35° for 18 hours; the sole product isolable was the A*-unsaturated ketone. 

Ozonolysis of 3: 4-Diphenyl-A*-cyclopentenone (IV).—The ketone (2-0 g.), dissolved in 
methyl acetate (50 c.c.) or in chloroform (50 c.c.), was treated with ozonised oxygen at 0° 
for 3 hours, and the solvent removed in a vacuum; the ozonide was decomposed by treat- 
ment with warm water or by solution in moist ether containing a little acetic acid and addi- 
tion of zinc dust. In every case (at least six ozonolyses were performed), crystallisation of the 
acid fraction from benzene afforded desylacetic acid, which separated in small cubes and had 
m. p. 160—162°, mixed m. p. 160—162°, after a single recrystallisation from benzene. Examin- 
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ation of the benzene mother-liquor yielded benzoic acid only in each case. The neutral 
product was a thick yellow oil which was not further investigated. 

Chlorination of trans-2 : 3-Diphenylcyclopentanone.—Use of sulphuryl chloride in benzene 
at 15° was ineffective. The ketone (1-18 g.) was therefore maintained at 102° and treated with 
chlorine until the increase in weight was 0-18 g. On cooling, the product became semi-solid ; 
it separated from benzene-ligroin in yellow crystals, and recrystallisation from the same medium 
gave 5-chloro-trans-2 : 3-diphenylcyclopentanone in yellow cubes, m. p. 137° (Found: C, 75-8; 
H, 4:7; Cl, 12-3. C,,H,,OCl requires C, 75-4; H, 5-5; Cl, 13:1%). The chloride was un- 
affected by pyridine at 35° during 18 hours; when it was refluxed in pyridine solution for 
2 hours, hydrogen chloride was eliminated, but only intractable amorphous products were 
formed. 


. We thank the Chemical and the Royal Society for grants in aid of this investigation. 
THE UNIVERSITY, LEEDs, 2. [Received, January 25th, 1939.] 





129. Adhesion in Detergence. 
By R. C. PALMER and Eric K. RIDEAL. 


The adhesion of particles of carborundum and calcium carbonate to quartz sur- 
faces is examined in the presence of dilute solutions of various detergents. The results 
are expressed in terms of von Buzagh’s adhesion number. Both cell wall and particle 
surface could be rendered hydrophilic or hydrophobic at will. It is shown that adhesion 
is decreased for low concentrations of detergent, but when micelle formation commences 
the adhesion number rises again. 


In recent studies of the mechanism of detergence attention has been directed to the sequence 
of events which result in the eventual emulsification of the original film of grease and dirt 
adhering to the fabric, but little attention has been paid to the problem of the adhesion and 
detergence of small particles of solid materials. That such processes are operative in 
ordinary washing is clear from the fact that a number of technical tests for evaluating 
detergents employ solid particles such as carbon black (McBain, Brit. Assoc. 3rd 
Report on Colloid Chemistry, 1920, p. 26), manganese dioxide (Fall, J. Physical Chem., 
1927, 31, 801), or graphite (Chapin, J. Ind. Eng. Chem., 1925, 17, 461). 

The adhesion of surfaces has been studied in a quantitative manner by von Buzagh 
(Kolloid-Z., 1929, 47, 370; 1930, 51, 105, 230), who investigated the relationship between 
the adhesion of quartz particles and a quartz surface to the electrokinetic potential existing 
at those surfaces. In this work an account is given of attempts to evaluate in a quanti- 
tative manner the effects of known concentrations of detergents in terms of an adhesion 
number, a very convenient term introduced by von Buzagh, at surfaces of known compo- 
sition. 

The method, an adaptation of von Buzagh’s, consists in drawing a suspension of par- 
ticles in a detergent solution into a small quartz cell. The particles are allowed to settle 
on the lower plate and then counted (m/mm.?). After a certain time interval the cell is 
inverted and the number of particles which remain adhering to the original and now upper 
surface (m,/mm.*) provides a statistical measure of the adhesion, which can be defined in 
terms of the “‘ adhesion number ” = 100”,/n. Both the inner walls of the cell and particle 
surfaces can be rendered hydrophobic or hydrophilic at will by suitable coatings. 


EXPERIMENTAL. 


Two varieties of particle were employed, carborundum and calcium carbonate. Uniform 
carborundum particles were prepared by fractionally centrifuging high-grade grinding car- 
borundum powder, and had a mean diameter of 204. The most satisfactory method of cleaning 
consisted in heating them to redness for 60—90 seconds in a small platinum spoon. Particles 
with hydrophobic surfaces were prepared by heating as above, prior to immersion in 1 ml. of 
a 0-1% solution of dotriacontane (C,,H,,, m. p. 69-5°) in A.R. light petroleum. The petrol was 
allowed to evaporate slowly. 

QQ 
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Attempts were made to prepare calcium carbonate particles by adding a 0-2% ammoniacal 
ammonium carbonate solution very slowly to a warm agitated 0-2% solution of calcium chloride 
just cleared with a drop of hydrochloric acid. The particles so prepared were very uniform but 
rather small, only 10 pu in diameter. Slower precipitation in more dilute solutions or ripening 
did not produce appreciably larger particles, and elevation of the temperature above 30° gave 
a needle-clustered precipitate instead of rhombs. The most satisfactory particles were obtained 
by grinding marble and employing the fraction which settled through 12 cm. of water during 
2-5—5 minutes at 20°. The mean diameter of these particles was 20 u, but although the extreme 
theoretical variation in size should have been a factor of 4/2, the actual variation was found to 
be a factor of 2, owing probably to convection currents and turbulence during sedimentation. 
Elutriation methods similar to that described by McCrea and Wandless (J. Soc. Chem. Ind., 
1936, 55, 15r) were not found to be satisfactory for obtaining these particles. The calcium 
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carbonate particles were well washed with water, dried, and suspended in light petroleum. A 
small amount (1 mg./g. of particles) of stearic or palmitic acid dissolved in a few ml. of petrol 
were then added. The suspension was shaken for about 15 minutes, the liquid run off, and the 
particles washed four times with petrol and dried. The surfaces of the particles treated in this 
manner were hydrophobic. If the coating is performed from ethereal solution instead of petrol, 
the particles are hydrophilic, being easily wetted by water. Heating for an hour under vacuum, 
however, renders them hydrophobic. If the hydrophilic particles are suspended in water they 
are readily flocculated by the addition of a small amount of sodium palmitate or stearate. 

Attempts were made to prepare particles of pure paraffin wax by adding a solution of wax 
in light petroleum to absolute alcohol, but it was found that the size of the particles could not be 
controlled. 

The calcium carbonate particles with the hydrophobic surface were superior to those of 
paraffin-coated carborundum, not only in reproducibility of results, but also because it was 
found that the latter gradually became more hydrophilic on exposure to air, as shown by their 
adhesion, whereas the former maintained their surface properties unchanged for months. 

One plate of the quartz cell was coated by drawing dry air through the cell over a small 
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drop of light petroleum solution of dotriacontane resting on the lower plate. A little experience 
was necessary to produce coatings which did not peel off when the cell was filled. (If the air 
stream is too rapid, the hydrocarbon collects round the edges of the bottom of the cell, and.if it 
is too slow, the hydrocarbon collects in the middle and peels off.) The cell was stoppered and 
placed in a thermostat at 45°. After sufficient time had elapsed for the cell to come to equili- 
brium, it was removed and filled with a suspension of the particles in the solution also at 45°. 
The cell was then fixed horizontally under a low-power microscope with the coated plate below, 
in a small thermostat at the same temperature. When all the particles had settled, the micro- 
scope was focused through the top of the cell on to the particles. With the aid of an eye-piece 
grating, the number of particles occupying a given area was counted. The support for the cell 
was mounted on a moving stage which enabled counts to be made at different parts of the plate ; 
m, per square mm., say. After a certain time—10 minutes—from filling the cell, it is slowly 
turned through 180° so that the coated plate is now uppermost. Some of the particles will fall 
off the plate; those that remain “‘ hanging ” from those areas of the surface previously counted 
are brought into focus and counted and the ‘“‘ adhesion number ”’ thus determined. The adhe- 
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sion number is independent of the rate of turning of the cell provided this operation is carried 


out smoothly; a few seconds suffice for the purpose. 
Results.—A few experiments with dilute soap solutions showed that the systems were diffi- 


cult to control unless buffered. It was therefore considered advisable to deal only with paraffin- 
chain salts which do not hydrolyse and are not affected by carbon dioxide. The following 
substances, kindly supplied by Imperial Chemical Industries Ltd., Dyestuffs Group, have been 
used: cetyl sodium sulphate, dodecyl sodium sulphate, oleyl-N-methyltaurine, and cetyl- 
pyridinium bromide. Fig. 1 shows the results obtained with dodecyl sodium sulphate and the 
four possible combinations of coated or clean cell, coated or clean carborundum particles re- 
spectively. Fig. 2 shows the smoothed curves obtained with other substances, a coated cell and 
coated carborundum particles being used in each case. Each point on the curves in Fig. 1 was 
determined by measurement of about 300 particles. 


DISCUSSION. 


The course of curve I in Fig. 1 (particles and cell coated) indicates that, as the bulk 
concentration of detergent is increased, there is a simultaneous increase in the adsorption 
of dodecyl sulphate ions on to the wax-coated surfaces, and that the hydrocarbon “ tail ”’ 
of the molecules is directed towards the wax. If both surfaces are assumed to react in this 
way, the adhesion between the particles and the cell wall decreases, owing both to electro- 
static repulsion between the heads and to the fact that water molecules can now penetrate 
in between the two hydrophilic surfaces, separating them to distances where the forces of 
adhesion become inoperative. On this view the minimum adhesion number will occur at 


‘ 
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a concentration of detergent where the two hydrocarbon surfaces are each covered with a 
unimolecular film. We may conclude that in the case of dodecyl sodium sulphate with 
increase in concentration the surface adsorption likewise increases until at about m/100 
the surface attains saturation. 

We note that at concentrations higher than m/100 adhesion again sets in, owing perhaps 
to the particles being cemented to the surface by a micelle-like structure, for it is at this 
concentration that micelle formation is observed in the bulk phase. This view is also sup- 
ported by the fact that in concentrations greater than M/100 the adhesion number is 
independent of the original nature of the surfaces. 

From Fig. 2 it will be seen that as the chain length is increased the surface becomes 
saturated at a lower concentration, in accordance with expectation. Fig. 3 gives the 
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variation of adhesion with concentration of cetyl sodium sulphate between a wax-coated 
surface and particles of calcium carbonate, coated as described above. The results obtained 
with these particles were much more reproducible than those obtained with the carborun- 
dum particles. It is probable that the method of coating the calcium carbonate particles 
gives a much more uniform coating. The difference in the order of the adhesion number 
obtained with the two types of particle is due to a number of factors such as a small differ- 
ence in mean diameter between the calcium carbonate and the carborundum particles, and 
to the presence of small “‘ flats” on the crystals of calcium carbonate giving a relatively 
larger area of contact. With these particles the fall of adhesion with increase in concen- 
tration is much sharper than with the carborundum particles. Since the variation in size 
of the calcium carbonate particles was smaller than that of the carborundum particles and 
as any given particle must either stick or fall off, the greater uniformity of the particles 
causes a sharper break in the curve. There is the possibility, however, that there is some 
change in the nature of the adsorbed film (which can perhaps be likened to a change of 
phase) which occurs at a definite concentration of detergent in the solution and therefore 
at a certain concentration of adsorbed molecules on the surface. 
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The effect of m/200-sodium chloride on the adhesion of calcium carbonate particles is 
shown in Fig. 3, and we note a greater adsorption of detergent with increase of salt con- 
centration. This is in accordance with expectations from consideration of the pheno- 
menon of salting out as well as from the results of recent studies in the effect of salts on the 
surface tensions of paraffin-chain salts (see, e.g., Powney and Addison, Trans. Faraday Soc., 
1937, 33, 1243). 


Our thanks are due to Imperial Chemical Industries Ltd., Dyestuffs Group, for a grant to 
one of us (R. C. P.) which rendered this work possible. 
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130. An X-Ray and Thermal Examination of the Glycerides. 
Part V. Unsymmetrical Mixed Triglycerides, 


CH,(0-COR)*CH(O-COR):CH,(0-COR’). 
By M. G. R. CARTER and T. MALKIN. 


The following two groups of unsymmetrical mixed triglycerides have been 
examined and their m. p. and X-ray data determined: (a) glycerides in which the 
radical R’ is shorter than R, viz., «-decodilaurin, a-laurodimyristin, a-myristodipalmitin, 
a-palmitodistearin ; (b) those in which the radical R’ is longer than R, viz., «-laurodide- 
coin, a-myristodilaurin, a-palmitodimyristin, a-stearodipalmitin. These are found 
to exist in four solid modifications, viz., vitreous, «, 8’, and 8, in order of increasing m. p., 
transitions from lower- to higher-melting forms being less rapid than those of sym- 
metrical mixed triglycerides (Part IV; this vol., p. 103). Comparison of m. p.’s of 
corresponding symmetrical and unsymmetrical mixed glycerides shows that the 
former melt at the higher temperature. 


THE present investigation is complementary to that of the symmetrical mixed triglycerides 
described in Part IV (loc. cit.), and deals with the corresponding unsymmetrical isomers. 
For the reasons given in Part IV, these have been arranged in the same manner, v7z., 
groups (a) and (bd), in which the single acyl radicals («) are respectively (a) two carbon 
atoms shorter or (6) two carbon atoms longer than the corresponding pair of acyl radicals 
(a’, B), viz., 

(a) «-Decodilaurin. a-Laurodimyristin. a-Myristodipalmitin.  «-Palmitodistearin. 

Ci. C C C 
(B) Cys “ ae Cue Cre cis Croc 
(b) «-Laurodidecoin.  a-Myristodilaurin. «-Palmitodimyristin. «-Stearodipalmitin. 
(Cys (Ci Cie Cig 
C101 C9 121 C ys Cun Cael c2® 
All the above are found to exist in four solid modifications, viz. (in order of increasing 
m. p.), vitreous, «, 8’, and 8, the polymorphism being similar to that of the symmetrical 
mixed triglycerides, except that the transitions from lower- to higher-melting forms are 
slower. The transition 8’ -—> 6, in particular, is exceptionally slow, and even from 
solvents the stable §-form separates only on very slow cooling in a Dewar flask. 

In agreement with King and his co-workers (J. Amer. Chem. Soc., 1929, 51, 866; 1930, 
52, 365; 1932, 54, 705; 1934, 56, 1191), we find that the unsymmetrical glycerides melt 
a few degrees lower than the corresponding symmetrical compounds. 

The X-ray examination revealed no unusual features. Long spacings exhibit normal 
linear relationships, and side spacings of the stable B-forms are almost identical with those 


of simple triglycerides. In contrast to the symmetrical glycerides (Part IV), no marked 
differences in the side spacings of groups (a) and (5) were found. 
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Spherulite formation, similar to that displayed by simple triglycerides, is general, 
a-laurodidecoin being characterised by slow formation of brilliant isolated spherulites 
showing the ripple effect mentioned in Part IV. 


EXPERIMENTAL. 
Preparation of Unsymmetrical Mixed Triglycerides.—These were prepared by the acylation 
of «-monoglycerides (Part II; J., 1936, 1628) in dry benzene in the presence of pyridine. The 


following preparation is typical : 

a-Palmitodistearin. 2-1 G. (2:3 mols.) of stearoyl chloride (b. p. 180°/5 mm.), followed by 
5 c.c. of pyridine, are added to a solution of 1 g. of «-monopalmitin in 60 c.c. of benzene (dried 
over sodium) at room temperature, and the reaction vessel is stoppered and kept overnight. 


Fie. 1. 
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The reaction mixture is then decanted into a separating funnel, the precipitated pyridine salt 
being washed with benzene and ether,* and the benzene—ether solution is washed with dilute 
sulphuric acid and water and dried (sodium sulphate). After removal of the solvent, two 
crystallisations from alcohol (2 x 60 c.c.) yield 2-4 g. 

The product at this stage, although pure, has the appearance of precipitated chalk and is 
mainly in the §’-form (m. p. 61°). Conversion into the stable 6-form (m. p. 65°) can be brought 
about by slowly cooling a solution in benzene or xylene in a Dewar flask initially filled with hot 
water. Glycerides with shorter chains were crystallised from slightly less solvent, and a- 
decodilaurin and a-laurodidecoin, which are very soluble in benzene, were crystallised finally 
from benzene—alcohol (2: 1). 

Unsymmetrical glycerides are easily distinguished, by their less crystalline appearance, 
from the symmetrical compounds (Part IV), which form masses of felted needles. Under the 
microscope, the former appear as short, thickish prisms, and the latter as long, slender, thin 
prisms. 

a-Laurodidecoin has not hitherto been prepared (Found: C, 71-8; H, 11-3. C,;H,,0, 
requires C, 72-1; H, 11-4%). 

Thermal Investigation.—This was carried out as described in Part I (J., 1934, 66) and Part II 
(loc. cit.), by means of cooling and heating curves, and capillary m. p. determinations. Curves 


* The higher saturated glycerides are almost insoluble in ether, which should be used sparingly. 
Addition of small amounts assists the benzene—water separation. 
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obtained by cooling the molten glycerides to room temperature show a single arrest, due to 
separation of either the vitreous form (a-stearodipalmitin, «-palmitodimyristin, «-palmitodi- 
stearin, «-myristodipalmitin) or the a-form (a-myristodilaurin, a-laurodidecoin, «-laurodi- 
myristin, «-decodilaurin), curves for the latter group being characterised by supercooling 
(Fig. 1). 

The sudden rise in temperature due to the transition « —-> 8’, which is so marked a feature 
of the cooling curves of group (a) of the symmetrical mixed glycerides, was not observed for 
any of the unsymmetrical glycerides. 

Heating curves for the first of the above groups show arrests at the m. p.’s of the vitreous 
and «-forms, and those for the two lowest members may also show a slight arrest at the m. p. 
of the 8’-form. This is absent, however, if the heating gradient is excessive. 

Heating curves for the second of the above groups show arrests at the m. p.’s of the «- and 
§’-forms, and those of «-laurodidecoin and «-decodilaurin may show a slight arrest at the m. p. 


Fie. 2. 
M. p.’s of unsymmetrical mixed triglycerides. 
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of the 6-form. This is more pronounced if the curve is taken some hours after solidification, 
but under these conditions, the transition « —-> §’ has meanwhile proceeded at room temper- 
ature and the arrest due to melting of the «-form no longer appears. Apart from the last two 
cases, heating curves give no indication of the presence of the stable B-form. The transition 
8’ —-> 8 can, however, be brought about by maintaining the specimen in the neighbourhood 


TABLE I. 

Vitreous. a. p’. B. Other workers’ data. 
a-Decodilaurin 26° 35-5° 32-6° 1 
a-Laurodimyristin 37 48-5? 
a-Myristodipalmitin 47-5 55-5 * 
a-Palmitodistearin 57 63-2,3 62-6 4 
a-Laurodidecoin 17-5 —s 
a-Myristodilaurin 33-5 . 42-8,1 41, 36-5 § 
a-Palmitodimyristin 45-5 ° 53,2 47-8 & 
a-Stearodipalmitin . 55 . 62-5 63-5,3 62-6,2 607 


1 McElroy and King, J. Amer. Chem Soc., 1934, 56, 1191. 2 Averill, Roche, and King, ibid., 
1929, 51, 866. 3 Amberger and Bromig, Biochem. Z., 1922, 180, 252. 4 Robinson, Roche, and 
King, J. Amer. Chem. Soc., 1932, 54, 705. 5 Grin, Ber., 1907, 40, 1792. 6 Heiduschka and 
Schuster, J. pr. Chem., 1928, 120, 145. 7 Guth, Z. Biol., 1902, 44, 98. 
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of the m. p. of the §’-form for periods varying from 12 hours to several days, according to the 
lengths of the acyl groups. As work on the symmetrical mixed glycerides showed that the 
velocity of the transition 8’ —-> 8 is greatly retarded by impurities, we have thoroughly 
examined this possibility, and we are satisfied that the present slow transitions are not due to 
the presence of impurities. 

Good agreement was found between m. p.’s obtained from the above curves and by the 
capillary method. The latter are easy to determine owing to the fact that all the glycerides 
exhibit true ‘“‘ double melting” phenomena. The m. p. of the stable $-form is first obtained 
in the usual manner, the solvent-crystallised glyceride being used. The molten specimen is 
then cooled sufficiently to cause solidification in the vitreous form, and immersed in a bath at 
a temperature (found by trial) just sufficient to cause melting and resolidification (vitreous 
m.p.). The process is then repeated at higher temperatures to give the m. p. of the a- and £’- 


Fic. 3. 
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forms. Approximate bath temperatures are known from the heating curves. M. p.’s of the 
various forms are given in Table I and plotted in Fig. 2. 

X-Ray Investigation.—This was carried out as described in Parts I, II, and IV, pressed and 
melted layers and rods being used. Long and side spacings were obtained for most of the forms 
mentioned in the previous section, except for certain of the metastable forms of the lower 


TABLE II. 
Long spacings, A. Side spacings, A. 
‘ p’. B. a. Pp’. 
a-Decodilaurin 30-4 31- 4-19 3°83, 4-18, 
4-35* 
a-Laurodimyristin 35-3 36-5 — 3-83, 4-18, 
. 4-35* 
a-Myristodipalmitin , 40°3 41-5 — 3-83, 4-18, 
4-35 
a-Palmitodistearin . 44-7 46°5 3-83, 4-18, 
4:35* 
a-Laurodidecoin — 28-4 3°83, 4-18, 
4:35 
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members, which could not be obtained owing to transitions taking place during the somewhat 
lengthy X-ray exposure. Spacings are given in Table II. In Fig. 3, long spacings are plotted 
against the “ effective length ”’ of the acyl chains (cf. Part IV), i.e., 


—Ci, : —Ci¢ ; 
Cs effective length C,, Cig— effective length C,, 
—C seer. 


18 


Tilts of the hydrocarbon chains for the various forms are: Group (a), B-form, 73°; §’- 
form, 68° 6’: Group (bd), B-form, 62°; §’-form, 63° 30’. (Increase in length per carbon atom 
respectively, 1-21, 1-17, 1-11, 1-125 a.) 

The intercepts on the ordinates at C = 0 (Fig. 3) are 3-0 and 2-5 a. [8-form, groups (a) and 
(b)] compared with 4-5 a. for simple triglycerides. This difference is greater than the ex- 
perimental error, and may be due to slight overlapping of the terminal methyl groups, owing to 
the unequal lengths of the acyl chains. 
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131. Polysaccharides. Part XXIX. Constitution of the Dextran pro- 
duced from Sucrose by Leuconostoc Dextranicum (Betacoccus 
Arabinosaceous Haemolyticus). 


By S. Peat, (Miss) E. SCHLUCHTERER, and M. STACEY. 


The constitution of the dextran synthesised by Leuconostoc dextranicum has been 
established by examination of the products of hydrolysis of the methylated polysaccha- 
ride. Itisa polyglucose in which a-glucopyranose units are linked in the 1 : 6-positions 
to form a terminated chain. An “ end-group,” isolated as tetramethyl glucose anilide, 
indicates a chain length of not more than 550 glucose units and osmotic pressure 
measurements indicate that the length of the chain is not less than 200 glucose units. 


METABOLIC activity and polysaccharide formation by organisms of the Leuconostoc species 
(the causative agents of “‘ slime ”’ in the sugar industry) have been extensively studied by 
numerous authors (see, for example, Tarr and Hibbert, Canadian J. Res., 1931, 5, 414; 
Carruthers and Cooper, Biochem. J., 1936, 30, 1001). These polysaccharides, which can 
readily be obtained in ca. 20% yields from sucrose, are dextrorotatory polymers of d- 
glucose and have been termed “‘ dextrans.”’ In the present communication an account is 
given of the chemical investigation of the structure of the water-soluble dextran synthesised 
by Leuconostoc dextranicum (Stacey and Youd, Biochem. J., 1938, 32, 1943). 

Methylation of the polysaccharide was carried out with methyl sulphate and sodium 
hydroxide, with the addition, in the later stages, of dioxan, which caused the partly methyl- 
ated dextran to swell and thereby assisted the methylation. Methylated dextran, ob- 
tained as a white powder, [«]p + 214° (in chloroform), OMe 44-5% (maximum attainable), 
was fractionated by addition of light petroleum to a chloroform solution and the properties 
of the fractions served to demonstrate its essential homogeneity. It showed considerable 
resistance to the usual hydrolytic reagents and for its complete hydrolysis recourse was 
made to the reagent usually employed for the hydrolysis of methylated cellulose, viz., 50% 
aqueous acetic acid containing 4% of concentrated hydrochloric acid. 

The mixture of methylated sugars resulting from the hydrolysis was separated by 
fractional distillation of the methylglucosides in a high vacuum: the chief product of 
hydrolysis, constituting some 90% of the whole, was 2:3: 4-trimethyl glucopyranose. 
This separated during the distillation of the glucosides as the crystalline trimethyl 6- 
methylglucoside (m. p. 93—94°), which did not depress the m. p. of an authentic specimen. 
The constitution of the sugar was confirmed by oxidative methods. With nitric acid, 
trimethyl saccharic acid was formed; it was characterised as 2 : 3 : 4-trimethyl saccharo- 
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lactone methyl ester, m. p. 106—107° (alone or in admixture with an authentic specimen). 
Furthermore, the trimethyl sugar was oxidised by bromine to give 2:3: 4-trimethy] 
8-gluconolactone. 2:3:4-Trimethyl glucose readily forms a crystalline anilide, m. p. 
145—146°. 

The lower-boiling fractions obtained in the separation of the glucosides were con- 
taminated with methyl levulate, which was characterised as the phenylhydrazone, m. p. 
106°. It was found necessary to remove this constituent by heating an aqueous solution 
of these fractions with barium hydroxide, and then to redistil the glucosides in a high 
vacuum. Ultimately a syrupy first fraction was obtained which had nj 1-4545, an in- 
dication of the presence of a small amount of tetramethyl methylglucoside. It was hy- 
drolysed with hydrochloric acid and the syrup obtained (OMe, 46-0%) was treated with 
aniline. Crystallisation of the product from alcohol yielded tetramethyl glucopyranose 
anilide (m. p. 135—136°) identical with a specimen prepared from tetramethyl glucose. 

The higher-boiling fractions (10% of the whole) obtained in the distillation of the gluco- 
sides had the composition of a dimethyl methylhexoside. Since on methylation of these 
fractions and hydrolysis of the product, only tetramethyl glucopyranose was obtained, it 
is evident that the dextran is constituted entirely of glucose units. 

The isolation of 2 : 3 : 4-trimethyl glucose in 90% yield from the methylated dextran 
shows the dextran to be constituted on the same general plan as starch, cellulose, and gly- 
cogen, in that the molecule is a chain composed of d-glucopyranose units linked glucosidi- 
cally with each other. In the dextran, however, the linkages involve the terminal pri- 
mary alcohol group of each glucose unit and not the hydroxyl group on C, as is the case with 
starch or cellulose. The configuration of this 1 : 6-glucosidic link in the dextran cannot 
at present be determined with certainty, but there are indications, in particular the high 
positive rotation (-+ 180°) of the dextran and its downward mutarotation during hydrolysis, 
which suggest that the 1: 6-linkage has the «-configuration. The main chain of the 
dextran will therefore be represented by : 


H OH 
“a Ke co, | a CH, 
H H Bh 
Keo, Ke ste 3® 
H YS —O——CH, we 
H OH 

Furthermore, the isolation of tetramethyl glucose, albeit in small yield, makes possible a 
decision between the alternative structures for the dextran molecule of a closed loop of 
glucopyranose units and a terminated open chain. The tetramethyl glucose represents an 
end-group and could be formed if the dextran had a continuous chain structure. The 
proportion of tetramethyl glucose is minute (0-23% of the weight of methylated dextran) 
and its presence was detected mainly because of the fortunate circumstance that we were 
able to separate the anilides by fractional crystallisation on a microscale. The yield of 
tetramethyl glucose anilide obtained corresponded to a chain length of 550 glucose units 
in the dextran molecule, but this figure represents a maximum and the real value is pro- 
bably lower. Control experiments on the degree of separation attainable by fractional 
crystallisation of mixtures of the anilides of trimethyl glucose and tetramethyl glucose 
indicated that, although qualitative identification of the “‘ tetra’ compound in amounts 
constituting 10% of the mixture could readily be obtained, a quantitative separation of 
this material was not achieved. It is considered, therefore, that the value of 200 units 
obtained by osmotic pressure measurements (Carter and Record, Chem. and Ind., 1936, 55, 
218) on the methylated dextran gives a more trustworthy value for the minimum chain 
length of methylated dextran. 

The proof of structure of the dextran of Leuconostoc dextranicum presented here was 
published in a preliminary note (Nature, 1938, 141, 876). Subsequently Fairhead, Hibbert, 
and Hunter (Canadian J. Res., 1938, 16, 151) published an account of an investigation 
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which confirmed our main findings. An “ end’’ unit was not, however, detected by these 
authors, who therefore envisaged a closed loop structure for the dextran. 


EXPERIMENTAL. 


The dextran was prepared and purified by Stacey and Youd’s method (Biochem. J., 1938, 32, 
1943). It was a white, non-reducing, granular powder, soluble in cold water with the formation 
of viscous, faintly opalescent solutions: [a]? + 180°(c, 1-1); ash, 0-4%; N, 03%. On hydro- 
lysis with n-sulphuric acid, crystalline glucose in 92% yield was isolated and from the small 
amount of non-crystalline residue, glucose phenylosazone was prepared. It is reasonable, 
therefore, to regard the polysaccharide as constituted entirely of glucose units. 

Methylation.—The dextran (10 g.) was dissolved in 30% sodium hydroxide solution (100 c.c.) 
and treated at 40—50° with methyl sulphate (180 c.c.) and 30% sodium hydroxide solution 
(250 c.c.). Acetone in portions of 50 c.c. was added at intervals. At the end of the methylation 
(4 hrs.) the acetone was boiled off, and the solution neutralised with 5n-sulphuric acid. Par- 
tially methylated dextran separated from the hot solution as a flocculent white powder, which 
was collected on muslin. Three methylations gave a product (OMe, 37—38%) which appeared 
to be insoluble in all solvents. It swelled, however, in contact with dioxan and use was made 
of this property to facilitate the subsequent methylations. After 12 methylations the product 
(8 g.) had OMe, 44-0% and [«]?” + 210° in chloroform (c, 1-2). This material (70 g.) was pre- 
pared and fractionated, as shown below, by the graded addition of light petroleum to a chloro- 
form solution. 


Fraction. % Yield. [a}??*. % OMe. % Ash. 4p, in m-cresol. 
1 19-1 +215° 43-7 1-47 0-53 
2 31-4 +210 44-6 0-06 0-49 
3 40-2 +214 44-5 0-14 0-51 
4 9-3 +196 43-6 0-19 0-35 


Fractions 1 and 4 were remethylated until the methoxyl content was 44-5%. 

Hydrolysis of Methylated Dextran.—The compound (55 g.) was dissolved in 50% aqueous 
acetic acid (1200 c.c.) containing 4% of concentrated hydrochloric acid and heated at 95° until 
the specific rotation reached an equilibrium value [«]?” + 58°, calculated on original material 
(9 hours). The solution was concentrated at 20° in a vacuum to a syrup, which was dissolved in 
water (500 c.c.). The acid was neutralised with calcium carbonate, and the solution filtered. 
The clear filtrate was extracted several times with chloroform, and the extracts dried over an- 
hydrous magnesium sulphate and concentrated to a syrup (A) (24-5 g.). The aqueous solution 
was evaporated to dryness, and the residue extracted with boiling chloroform. These extracts 
yielded a second syrup (B) (28 g.). 

The fractions (A) and (B) were separately converted into the methylglucosides by boiling 
with methyl-alcoholic hydrogen chloride (2%). The glucosides, isolated in the usual way, were 
then distilled in a high vacuum from a Widmer flask. In a preliminary fractionation of (A) 
a low-boiling mobile syrup, b. p. (bath temp.) 70—75°, n?” 1-4225, OMe 25-8%, was collected. 
This was mainly methyl levulate (OMe, 23-8%), which was characterised as the phenylhydra- 
zone, m. p. 106° (alone or in admixture with an authentic specimen). The remainder of frac- 
tion (A) was dissolved in water and treated at 60° for 2 hours with a saturated solution of barium 
hydroxide in order to remove any methyl levulate. The solution was concentrated, and the 
glucosides extracted in the usual way and fractionally distilled in a high vacuum. 


From (A) the following main fractions were isolated : 


B. p. (bath temp.) 
Fraction. at 0-01 mm. Yield, g. nis*, % OMe. Physical state. 


Ist drop 80° — 1-4522 — — 

la 82—90 0-86 1-4545 52-3 Colourless syrup 
2a—da 112—125 16-0 1-455—1-457  50—5l Crystalline solid 
6a Residues 75 ~- - Viscid syrup 


From (B) the following were isolated : 


lb 124—125 23-6 1-4560 48 Crystalline solid 
2b Residues 5-0 - — Viscid syrup 


The residues 6a and 2b ‘were rehydrolysed with 50% glacial acetic acid containing 4% of 
hydrochloric acid for 5 hours and the products were isolated as before and treated with barium 
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hydroxide solution to remove methyl levulate. Isolation and distillation of the glucosides gave 
the following fractions : 
B. p. (bath temp.) 
Fraction. at 0-01 mm. Yield, g. nie, % OMe. Physical state. 

1R—5R 118—125° 8-0 1-458—1-459 49—59 Crystalline 

6R 125—130 0-4 1-4630 43-4 Viscid syrup 

7R 140—150 1-0 1-4700 41-7 a * 

8R 150 1-4 1-4720 39-0 - P 

Identification of Tetramethyl Glucose in Fraction la.—Fraction la had [a]}" + 14-0° in water 
(c, 1-0) (Found: C, 51-6; H, 8-2; OMe, 52-3. Calc. for CygH.,O,: C, 50-8; H, 8-5; OMe, 
52-5%. Calc. for C,,H,,0,: C, 52-8; H, 8-8; OMe, 62-0%). Hydrolysis was carried out with 
6% hydrochloric acid at 95° and the following changes were observed : [a]? + 13-0°(initial) ; 
+ 17°(25 mins.); + 45°(55 mins.); + 65°(85 mins.); + 75°(145 mins.); + 78°(205 mins.) ; 
+ 80°(500 mins.), equilibrium value. The hydrolysis solution was neutralised with barium 
carbonate and evaporated to dryness, and the sugar was extracted with chloroform, removal of 
which left a colourless syrup having [a]? + 82° in water (c, 1-2) (Found: OMe, 46-0. Calc. 
for C,H,,0,: OMe, 41-9%). Treatment of the sugar with aniline in boiling alcoholic solution 
gave an anilide, which was fractionally crystallised from absolute alcohol. The anilide which 
separated was tetramethyl glucopyranose anilide; yield, 20% (Found: OMe, 40-3. Calc. for 
C,,H,,0;N : OMe, 40-0%). It had m. p. 135—136°, not depressed by an authentic specimen 
prepared under identical conditions from tetramethyl glucopyranose. The amount of tetra- 
methyl glucose was estimated to be 0-23% of the weight of methylated dextran, corresponding 
to a chain length of 550 glucose units. 

Identification of the Trimethyl Methylhexoside Fractions.—The crystalline material was drained 
for several days on a porous tile and after recrystallisation from ether-light petroleum had m. p. 
93—94° (alone and in admixture with 2 : 3 : 4-trimethyl B-methylglucopyranoside) and [«]?” — 
21° in water (c, 1-0) (Found: C, 50-8; H, 8-5; OMe, 52-2. Calc. for CjgH,,O,: C, 50-8; H, 
8-5; OMe, 52-5%). The glucoside was hydrolysed with hydrochloric acid (6%) at 100°, and 
the sugar isolated in the usual way. After distillation at bath temp. 147—150°/0-01 mm. it 
showed n}* 1-4690 and [a]? + 60° (c, 1-0) (Found: OMe, 41-2. Calc. for C,H,,0,: OMe, 
41-9%). The sugar, 2: 3: 4-trimethyl glucose (0-1 g.), was converted into the anilide (0-13 g.), 
which was recrystallised from ether-light petroleum. It had m. p. 145—146° (Found: C, 58-8; 
H, 7:3; OMe, 29-3; N, 4-4. C,,;H,,0,;N requires C, 58-6; H, 7-5; OMe, 30-2; N, 46%). 
The porous tile was extracted with boiling chloroform, removal of which left a syrup, which 
again partly crystallised. A portion (0-5 g.) was methylated three times with silver oxide and 
methyl iodide, giving a syrup (0-54 g.), b. p. 95—100°/0-01 mm., nj" 1-4435, OMe, 60-6%. 
Hydrolysis with hydrochloric acid at 100° yielded 2: 3: 4: 6-tetramethyl glucopyranose (0-49 g.), 
m. p. 83—84°. A further amount of the syrupy trimethyl methylglucoside was hydrolysed 
with hydrochloric acid (6%), showing [«]p + 113° —-—> + 68° in 9 hours (c, 2-2). The product 
was isolated in the usual way and converted into the anilide, m. p. 145—146°, identical with 
2:3: 4-trimethyl glucopyranose anilide obtained as above. 

Oxidation of 2: 3: 4-Trimethyl Glucose to 2: 3 : 4-Trimethyl 8-Gluconolactone.—Oxidation of 
the sugar (2-6 g.) with bromine at 40° gave a lactone (1-97 g.), b. p. 125—135°/0-01 mm., nj" 
1-4688 (Found : OMe, 41-9. Calc. for C,H,,0,: OMe, 42-2%). The lactone showed the fol- 
lowing changes in water: [«]?” + 80-4°(initial), 72°(30 mins.), 66°(65 mins.), 61°(100 mins.), 
52°(140 mins.), 49°(180 mins.), 42°(240 mins.), 39°(300 mins.), 32°(720 mins.) (equilibrium value). 

Oxidation of 2: 3 : 4-Trimethyl 8-Gluconolactone.—The lactone (1-2 g.) was dissolved in nitric 
acid (d 1-26; 20 c.c.) and heated for 14 hours at 90—100°. The acid was removed by distil- 
lation in steam, the oxidation product was boiled with 1-5% methyl-alcoholic hydrogen chloride, 
and the esters fornied were distilled in a high vacuum. Two fractions were isolated : I, b. p. 
100°/0-012 mm., n?* 1-4370 (0-15 g.); II, b. p. 140°/0-01 mm., n}” 1-4480 (0-67 g.). Fraction II 
crystallised and was identified as 2: 3: 4-trimethyl saccharolactone methyl ester, m. p. and 
mixed m. p. 106—107°, [«]}?" + 31° (equilibrium value after 30 hours). 

Examination of the Dimethyl Methylhexoside Fractions.—A sample from fraction 7R (0-5 g.) 
was methylated three times with silver oxide and methyl iodide to tetramethyl methylglucoside, 
which was then hydrolysed to tetramethyl glucopyranose, m. p. 84°, the yield (0-4 g.) showing 
that the dimethyl fractions were glucose derivatives. 

Dimethyl methylglucoside (8R) (0-5 g.) was hydrolysed with 6% hydrochloric acid ([«]p + 
105° —-> + 77° in 5 hours), and the resultant dimethyl glucose (0-4 g.) converted into the 
anilide (0-2 g.), m. p. 172—173° (Found: OMe, 19-5. C,,H,,O;N requires OMe, 21-1%). 
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Further investigations revealed that the dimethyl glucoside fraction was a mixture—a 
satisfactory separation of which has not yet been accomplished. 

Examination of Artificial Mixture of Methylated Glucose Anilides.—The separation of 
2:3:4:6-tetramethyl glucose anilide in admixture with 2: 3: 4-trimethyl glucoside anilide 
in various proportions was attempted. A typical experiment is as follows: 2:3: 4-Trimethyl 
glucopyranose (80 mg.) and 2:3: 4: 6-tetramethyl glucopyranose (20 mg.) were heated with 
the equivalent weight of aniline in boiling ethyl alcohol for 6 hours. On removal of the alcohol 
a crystalline mass remained. This was dissolved in the minimum amount of hot ethyl alcohol 
and kept at 0°. The total crop of crystalline material (7 mg.) which separated was 2:3: 4: 6- 
tetramethyl glucopyranose anilide. A quantitative recovery of the total amount of tetramethyl 
glucopyranose anilide was not obtained and, on a micro-scale, 10% concentration was the 
lowest at which this material was conveniently separated. Similar results were obtained with 
2:3: 6-trimethyl glucose. 


The authors thank Professor W. N. Haworth for his advice during these investigations, 
and one of them (E. S.) is indebted to the Society for the Protection of Science and Learning 
for a grant. 
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132. Polysaccharides. Part XXX. The Polysaccharide produced 
from Sucrose by Betabacterium Vermiformé (Ward—Mayer). 


By W. D. DAKER and M. STAcEy. 


The dextran synthesised from sucrose by Betabacterium vermiformé (Ward—Mayer) 
is shown to be constituted of «-glucopyranose residues united by 1 : 6-glucosidic links. 
This dextran is different from the Leuconostoc dextranicum product (see previous paper) 
in that the basal chains consist of only 25 glucose units. These chains are united 
to form larger molecular aggregates in possibly the same way as the basal chain units 
of starch are combined. 


BetaBacTERiIuM vermiformé (Ward—Mayer), an organism recently isolated from the 
“ Tibi-complex ’’, has been shown by H. D. Mayer (private communication from Prof. 
A. J. Kluyver) and by Daker and Stacey (Biochem. J., 1938, 32, 11) to produce a poly- 
saccharide when grown on a substrate containing sucrose. The polysaccharide closely 
resembles in its properties the ‘‘ dextrans ”’ produced by the Leuconostoc species and the 
present investigation shows it to be constituted on the same general plan. Freshly 
isolated ‘‘ vermiformé’’ dextran contains a small proportion of a nitrogenous constituent 
(N, 0-2%) and is insoluble in water. It becomes soluble in water, [«]p + 180°, after treat- 
ment with either acid or alkali and simultaneously the nitrogenous constituent is removed 
(Daker and Stacey, loc. cit.). 

Methylation of the dextran was effected by methods similar to those described for the 
Leuconostoc dextran. An essentially homogeneous methylated product was thus pre- 
pared (OMe, 44-0%) and in this instance it was possible, by carrying out the hydrolysis 
with 50% aqueous acetic acid containing only 2% of concentrated hydrochloric acid, to 
avoid the undesirable production of levulic acid. 

The conversion of the hydrolysis products into the corresponding methylglucosides and 
the fractional distillation of the latter were carried out by standard methods. The main 
hydrolysis product (90% yield) was thus shown to be 2:3: 4-trimethyl glucopyranose, 
which crystallised in the form of its 8-methylglucoside. In addition, 2 : 3 : 4: 6-tetramethyl 
glucopyranose was isolated as the “end-group’”’ in about 5% yield. The amount of 
dimethyl glucose present was not significant. 

These findings show that ‘‘vermiformé’’ dextran is a terminated chain molecule of about 
25 glucose units. The union between mutually linked units is 1 : 6-glucosidic and the 
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change in optical rotation on hydrolysis ([«]p 214° —> + 69°) indicates that these link- 
ages are mainly of the a-type. 

The particle weight of the methylated “‘ vermiformé’’ dextran has been measured by 
osmotic pressure methods by Mr. W. T. Chambers in this laboratory and corresponds 
to a chain length of about 500 glucose units. In this respect there is a striking similarity 
between the “‘ vermiformé’’ dextran and starch. With each polysaccharide, it is found 
that the molecular weight determined by physical means is a large multiple of that shown 


by the end-group method. 
EXPERIMENTAL. 


Soluble “‘ vermiformé”’ dextran was prepared and purified by the methods described by 
Daker and Stacey (loc. cit.). It is a white granular powder, [«]p + 180° in water, ash 0-23%. 
Hydrolysis with n-sulphuric acid gives crystalline d-glucose in 93% yield. The iodine number, 
4-7, corresponds to a chain of about 27 glucose units. 

Methylation.—The dextran was methylated in 10 g. portions with 30% sodium hydroxide 
solution and methyl sulphate in the presence of acetone at 40°. After four treatments the 
partly methylated dextran (OMe, 37-0%) separated from the methylation mixture as a granular 
powder. This product was allowed to swell in dioxan and methylated at 40° with methyl 
sulphate and potassium hydroxide solution (40%). Six methylations with these reagents gave 
a product (OMe, 42-0%), which was insoluble in water or alkali and extremely resistant to 
further methylation. Consequently it was found necessary between each successive treatment 
to isolate the product in a finely divided state. This was best effected by precipitation from 
dilute chloroform solution with light petroleum. A product was thus obtained having OMe 
44-0%, [«]?* + 210° in chloroform (c, 1-1), and ash 0-5%. The methylated dextran (50 g.) 
was separated from chloroform solution by the addition of light petroleum into the following 
fractions, the properties of which served to demonstrate its homogeneity : 


Fraction. Yield,g. [a]? in CHCl, % OMe. % Ash. sp, in m-cresol. 
I 10 +210° 43-8 2-0 0-16 
II 20 +214 44-0 0-31 0-13 
III 19 +220 44-0 0-20 0-18 


Hydrolysis —The methylated dextran (45 g.) was dissolved in 50% acetic acid (1600 c.c.) 
containing 2-5% of concentrated hydrochloric acid and heated on a boiling water-bath. 
Hydrolysis was complete in 6 hours ([«]p + 214°——> + 69°). The solution was neutralised 
with barium carbonate, concentrated in a vacuum to half volume, and extracted with chloro- 
form (8 times). The chloroform extract was dried over anhydrous magnesium sulphate and 
filtered. After distillation of the chloroform a syrup (A) (20 g.) remained. The aqueous solu- 
tion was evaporated to dryness, leaving a solid residue from which a syrup (B) (23-3 g.) was 
isolated by further chloroform extraction. Syrups A and B were separately converted into the 
methylglucosides by boiling with methyl-alcoholic hydrogen chloride (2%). The glucosides 
were fractionally distilled in a high vacuum from a Widmer flask. Repeated distillation en- 
abled the following fractions to be obtained : 


Fraction. Yield, g. Bath temp. at 0-01 mm. n20. % OMe. Properties. 
la 3-00 95° 1-4470 57-0 Mobile syrup 
a [oa 13-30 125—130 1-4560 51-6 Crystalline 
3a 0-61 140—160 1-4662 42-5 Viscous syrup 
4a 3-0 Residue — ~- Hard glass 
lb 13-40 125 1-4560 51-1 Crystalline 
B < 2b : 8-24 128—130 1-4560 51-3 io 
3b 0-49 130—160 1-4690 42-7 Viscous syrup 
The undistilled residue (4a) was rehydrolysed and redistilled : 
R, 1-12 130 1-4564 52-4 Crystalline 
R, 0-90 130—140 1-4590 50-1 os 


Fraction la was redistilled several times and it appeared to consist of a constant-boiling mixture. 
It was hydrolysed with hydrochloric acid (5%); the hydrolysate, which partly crystallised, 
was drained on a porous tile, recrystallised from ether—light petroleum, and identified as 
2: 3:4: 6-tetramethyl glucopyranose, m. p. 84—85° alone or in admixture with an authentic 
specimen. The tile was extracted with boiling chloroform; this was distilled off, leaving a 
syrup, which was converted into the methylglucosides and distilled in a high vacuum. No 
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difficulty was now experienced in isolating the remainder of the tetramethyl methylglucoside, 
OMe 60-0%, 12° 1-4433. A total of 1-95 g. of tetramethyl glucose was isolated; this amount 
corresponds to a terminated chain of about 25 glucose units in agreement with the value indicated 
by the iodine number. 

The crystalline material from fractions 2a, 1b, 2b, R,, and R, was combined and recrystal- 
lised from ether-light petroleum. It showed OMe 51:8%, [«]?}” — 20° in water (c, 1-3), m. p. 
93—94° alone or in admixture with 2: 3: 4-trimethyl §-methylglucopyranoside. 


The authors thank Professor W. N. Haworth, F.R.S., for his help during the course of this 
investigation, and also Dr. H. D. Mayer, whose pioneer work made this investigation possible. 
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133. Marrubiin, the Bitter Principle of Horehound (Marrubium 
vulgare). 


By ALEXANDER LAwson and (Miss) E. D. EUSsTICE. 


Analytical results for marrubiin and its derivatives favour the formula C,,H,,O, 
rather than C,,H,,0, previously suggested. The substance contains a hydro- 
naphthalene nucleus, as is shown by the formation of 1 : 2: 5-trimethylnaphthalene 
by dehydrogenation with selenium. Marrubiin is probably a diterpene lactone. 
A number of derivatives are described. 


MARRUBIIN, the bitter principle of horehound (Marrubium vulgare), has been examined 
by several workers (Harms, Arch. Pharm., 1842, 83, 144; 1851, 116, 141; Kroymeyer, 
ibid., 1849, 108, 258; Hertel, Amer. J. Pharm., 1890, 273; Morrison, tbid., 1890, 327; 
Matusow, ibid., 1897, 201; Gordin, J]. Amer. Chem. Soc., 1908, 30, 265), but little insight 
into its constitution obtained. Some derivatives and degradation products are now 
described. 

The marrubiin was obtained by Mercier and Mercier’s method (Compt. rend., 1932, 
195, 1102) from the flowering tops of horehound of the previous season’s crop, the yield 
being about 0-4% of the dried material. Analyses of the carefully purified substance 
and its derivatives indicate that the formula should be C,9H,,O, and not C,,H,,O, as 
suggested by Gordin (loc. cit.). Moreover, the isolation of 1 : 2 : 5-trimethylnaphthalene 
from the products of selenium dehydrogenation of marrubiin indicate a relationship 
with the diterpene group and support the C,) formula. For these and other reasons it is 
concluded that marrubiin may be classed with agathic acid, manoyl oxide, and sclareol. 
The last-named substance is present in Salvia sclarea, a member of the Labiate to which 
marrubium itself belongs. 

In addition to the lactone group in marrubiin, which can be readily hydrolysed by 
alcoholic potassium hydroxide to give marrubic acid, there is also present a tertiary hydroxyl 
group. Together with a neighbouring hydrogen atom, this group may be removed as 
water on careful treatment with thionyl chloride or phosphorus trichloride. Marrubiin 
is very susceptible to the action of acids or acidic reagents in general, being converted into 
resinous material. Marrubic acid is scarcely affected by prolonged treatment with alcoholic 
potassium hydroxide. 

On treatment with hydrogen in the presence of platinum-black an acetic acid solution 
of marrubiin absorbs the equivalent of four atoms of hydrogen, indicating the presence 
of two double bonds in the molecule. In ethyl acetate solution, no hydrogenation takes 
place, from which it is concluded that the double bonds are present in the cyclic part 
of the structure. The tetrahydro-derivative resinifies much less readily under the action 
of acids than does marrubiin. 

_ The fourth oxygen atom in the molecule appears to be present as an ether linkage, 
since the original material is unchanged by treatment with reagents for the detection of 
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hydroxyl and carbonyl groups. In attempts to split such a linkage by the action of acid 
reagents, the hexahydro-compound, prepared by hydrogenation of the substance obtained 
by the action of phosphorus trichloride on marrubiin, was used; after treatment with 
anhydrous hydrogen chloride or hydrogen bromide in boiling acetic acid solution or with 
98%, formic acid at 120°, however, the bulk of the initial material was recovered unchanged. 

The above findings and the isoprene rule being taken into consideration, the carbon 

skeleton (I) is suggested for marrubiin. In the case of agathic acid (Ruzicka and Hosking, 
Helv. Chim. Acta, 1931, 14, 203), sclareol (Ruzicka and Janot, «did., 

p. 645), and manoyl oxide (Hosking and Brandt, Ber., 1935, 68, 37), 

which contain this skeleton, the presence or introduction of a double 

«— _ bond in the side chain attached to the hydronaphthalene nucleus enables 

L) Rw isomerisation to take place by the action of formic acid, giving a 

. phenanthrene derivative. Neither with marrubiin itself nor with its 
hydro-derivatives could this cyclisation be realised. After prolonged treatment with 
formic acid only 1:2: 5-trimethylnaphthalene was isolated from the products of 
selenium dehydrogenation. 

The ether link in manoyl oxide is situated between the tertiary atoms C, and C,, (I), 
and can be readily ruptured by hydrogen chloride at 0°. In view of the inertness of 
the fourth oxygen atom in marrubiin, it seems unlikely that the oxygen bridge is at this 
position: it may perhaps connect two secondary carbon atoms. 


EXPERIMENTAL. 


Extraction of Marrubiin.—The dried flowering tops of horehound were percolated with 
acetone for 48 hours. After removal of the acetone from the extract by distillation the residue 
was boiled with ether. The solution, on cooling, deposited an impure product, which was 
washed with ether to remove oil and colouring matter, dissolved in boiling 5% alcoholic sodium 
hydroxide, and poured into water. The recovered solid was repeatedly crystallised from alcohol ; 
m. p. 160° (Found: C, 72:3; H, 8-4; active H, 0-34; M, Rast, 377. Calc. for C.9H,,O, : 
C, 72:3; H, 8-4; 1 active H, 0:30%; M, 332). 

Marrubic acid, obtained by the action of boiling 10% alcoholic sodium hydroxide on marru- 
biin, crystallised from aqueous alcohol or ethyl acetate in fine felted needles, m. p. 205° (decomp.) 
(Gordin, loc. cit., records m. p. 173—174°) (Found: C, 68-2; H, 8-8; active H, 0-78; M, 
361. Calc. for C,.H,;,0,: C, 68-6; H, 8-6; 3 active H, 087%; M, 350). Marrubic acid 
is very readily lactonised, and on heating to 200°/15 mm., marrubiin distils. 

Acetylmarrubic Acid.—A solution of marrubic acid (1 g.) in dry pyridine (10 c.c.) was treated 
at 0° with acetyl chloride (0-3 c.c.), the reaction completed on the water-bath, and the solution 
poured into water. After evaporation of an ethereal extract of the acidified solution, the 
residue crystallised from aqueous alcohol in flat prisms, m. p. 112° (Found: C, 64:3; H, 8-3; 
M, 411. C,,;H;,0,,H,O requires C, 64-4; H, 83%; M, 410). 

Dehydrogenation of Marrubiin by Selenium.—A mixture of marrubiin (5 g.) and selenium 
(25 g.) was heated at 280—300° for 10 hours. The product was extracted with ether and 
fractionally distilled. The main portion, b. p. 160—180°/14 mm., was a colourless oil, which 
was converted into the picrate. This crystallised from alcohol in orange-red needles, m. p. 
138°, not depressed by 1: 2: 5-trimethylnaphthalene picrate, kindly supplied by Professor 
I. M. Heilbron (Found: C, 57-5; H, 44; N, 11-3. Calc. for C,3H,,,CgH,;O,N,;: C, 57:1; 
H, 4:3; N, 10-5%). The styphnate crystallised from alcohol in yellow needles, m. p. 131°. 

Tetrahydromarrubiin.—Marrubiin (5 g.) was dissolved in glacial acetic acid (200 c.c.) and 
hydrogenated in-the presence of Adams’s platinum-black catalyst (0-25 g.); after 3 hours, 
almost 4 atoms of hydrogen had been taken up. The catalyst was filtered off, the acetic acid 
removed under reduced pressure, water added to the residue, and the solution neutralised. 
After extraction with chloroform and evaporation of the solvent, the residue was crystallised 
several times from ethyl acetate, giving flat prisms, m. p. 134°, in 60% yield (Found: C, 
70°8; H, 9-4. Cy 9H,,0, requires C, 71-4; H, 95%). The acid obtained by hydrolysis with 
alcoholic sodium hydroxide crystallised from ethyl acetate in needles, m. p. 185°. 

Action of Hydrogen Chloride on Tetrahydromarrubiin.—Hydrogen chloride was passed through 
a solution of tetrahydromarrubiin (2 g.) in absolute alcohol (100 c.c.) at 0° for 2 hours. After 
removal of the alcohol in a vacuum, the residue was distilled at 14mm. The distillate crystallised 
from light petroleum in long needles, m. p. 124° (Found: C, 75-2; H, 9-4. C, gH;,0,; requires 
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C, 75-4; H, 94%). This substance was also prepared by the action of phosphorus trichloride 
or thionyl chloride on tetrahydromarrubiin in benzene solution. It was heated for 10 hours 
at 120° with 98% formic acid. The residue after removal of the formic acid was distilled, 
and the distillate dehydrogenated with selenium as described in the case of marrubiin. 1:2: 5- 
Trimethylnaphthalene was the only hydrocarbon isolated. 

Hydrogenation of the Substance C,g>H3,0,—The substance was dissolved in glacial acetic 
acid and hydrogenated in the presence of Adams’s platinum-black catalyst; 2 atoms of hydrogen 
were absorbed. The product, isolated as in the previous case, crystallised from light petroleum 
in long needles, m. p. 89° (Found: C, 74-3; H, 10-0. C,.H,,0, requires C, 75-0; H, 10-0%). 
This substance appears to be a stereoisomer of the hexahydro-derivative (m. p. 106°) of the 
compound obtained by the action of phosphorus trichloride on marrubiin. 

Action of Phosphorus Trichloride on Marrubiin.—To a boiling solution of marrubiin (5 g.) 
in benzene (100 c.c.), phosphorus trichloride (1 c.c.) in benzene (10 c.c.) was slowly added. 
When no more hydrogen chloride was evolved, the mixture (which contained a considerable 
amount of resinous material) was poured into water. The benzene layer was removed, shaken 
with sodium hydroxide solution, dried, and evaporated. The product crystallised from alcohol 
in flat prisms, m. p. 98° (Found: C, 75:3; H, 7-8. Cy 9H,.O, requires C, 76-4; H, 8-2%). 
This substance was unchanged by distillation over zinc dust at 150°/1 mm. On treatment with 
alcoholic sodium hydroxide the lactone ring was hydrolysed; the corresponding acid, m. p. 
152°, was obtained in fine needles from ethyl acetate. 

Hydrogenation of the Substance C,,H,,0,.—The substance was hydrogenated as described 
in the previous cases. The product crystallised on neutralisation of the acetic acid and was 
recrystallised from light petroleum; m. p. 106° (Found: C, 74-7; H, 9-7. C, 9H ;,0, requires 
C, 75-0; H, 10-0%). The corresponding acid, obtained by hydrolysis with alcoholic sodium 
hydroxide, crystallised from ethyl acetate in flat prisms, m. p. 210° (Found: C, 71-3; H, 9-9. 
Cy9>H,,O, requires C, 71-0; H, 10-0%). 


The author thanks Imperial Chemical Industries Ltd. for a grant. 
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134. The Photochemical Decomposition of Aromatic Ketones: the 
Phenyl Radical. 


By Harotp H. GLAZEBROOK and THoMAS G. PEARSON. 


Free methyl and phenyl radicals formed during the photolysis of aceto- and benzo- 
phenones have been detected and identified by their reactions with tellurium. The 
possible intermediate formation of the benzoyl radical C,H,-CO and of the phenacyl 
radical C,H,-CO-CH, has also been indicated. The preparation of phenyl methyl 
telluride and its mercuric halide derivatives is described. 


IT was expected that the aromatic ketones would yield aryl radicals on irradiation with 
ultra-violet light, but the possibility of identifying them seemed small in view of the 
conflicting results of previous workers. Zarlman and Adkins (J. Amer. Chem. Soc., 1932, 
54, 3398) decomposed tetraphenyl-lead at 200° under 100 atm. in the presence of nickel as a 
catalyst and obtained pure diphenyl, and Dull and Simons (7bid., 1933, 55, 4328) found the 
same result at atmospheric pressure even at 252° and in the absence of nickel. They also 
made the experiment at a low pressure in a silica chamber (tbid., p. 3898), and on allowing 
the volatile products to react with mercury, obtained diphenylmercury, m. p. 120°, and 
concluded that phenyl radicals must have been present. On the other hand, Paneth and 
Lautsch (J., 1935, 380) carried tetraphenyl-lead in a hydrogen stream at 2 mm. pressure 
through a silica tube heated over a short zone; the lead mirror had not the sharp edge 
remote from the flame usually associated with the presence of free radicals, and neither 
lead nor tellurium mirrors were attacked by the products which passed along the tube, 
They concluded that “since carbon was deposited at the place of decomposition of the 
tetraphenyl-lead, the phenyl apparently underwent extensive decomposition without 
RR 
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giving rise to radicals of appreciable life,’’ and ‘‘ the free phenyl has a much shorter life 
than methyl or ethyl, or else does not attack tellurium.”’ In the same communication, 
Paneth and Lautsch examined the reaction between bromobenzene and sodium vapour 
from which Horn, Polanyi, and Style (Naturwiss., 1932, 20,401; Z. phystkal. Chem., 1933, 
B, 23, 291; 1934, B, 25, 151) considered that they had obtained the phenyl radical. Paneth 
and Lautsch found no evidence of the existence of the phenyl radical, although in similar 
experiments with benzyl chloride, benzyl radicals were easily detected and their half-value 
period measured. 

In view of the conflicting opinions, it was considered worth trying to obtain the phenyl 
radical from the products of photolysis of aromatic ketones, as we had previously been 
successful in isolating certain radicals (J., 1936, 253, 1777; 1937, 567) which were not 
obtainable by thermal methods. 

It is shown below that the photolysis of benzophenone yields active fragments which 
react with tellurium mirrors. The low volatility of benzophenone (m. p. 49°) introduced 
complications which prevented the ready identification of the organo-tellurium com- 
pounds, and attention was transferred to acetophenone. The products were first examined 
in the absence of tellurium. The probable presence of diphenyl, benzil, and dibenzoyl- 
ethane was indicated. In the presence of tellurium, diphenyl, dimethyl, and phenyl 
methyl tellurides were readily identified. It is evident, therefore, that the ketone mole- 
cule had split up to yield methyl and pheny] radicals, which had reacted with the tellurium. 
The reaction between phenyl and tellurium is contrary to Paneth and Lautsch’s conclusion, 
but is in harmony with Waters’ recent discovery (J., 1938, 1078, published after the con- 
clusion of our experiments), that the free phenyl radicals formed during the decomposition 
of benzenediazonium chloride in acetone solution react with metallic tellurium to yield 
diphenyl telluride. The occurrence of benzil would suggest the intermediate formation of 
benzoyl] radicals, which, by analogy with the acetyl radical, dissociate to give phenyl and 
carbon monoxide, so that the decomposition of the ketone proceeds by a mechanism 
similar to that obtaining in the case of acetone : 


(i) C,H,-CO-CH, —-> C,H,°CO + CH, (iii) 2C,H, —> C,H,°C,H; 
(ii) CgH,-CO —> C,H; + CO (iv) 2CH, —> C,H, 
(v) C,H; + CH, —> C,H,°CH, 

The presence of a small amount of a substance which was probably dibenzoylethane is 
interesting, and, by analogy, lends weight to Spence and Wild’s suggestion (J., 1937, 352) 
that the radical CH,-CO-CH, participates in the photodecomposition of acetone. 

Because benzophenone yields diphenyl on exposure to ultra-violet light and gives 
evidence of free radicals with tellurium mirrors, it may be argued by analogy that it also 
undergoes simple fission like the ketone just examined. 


EXPERIMENTAL. 


Benzophenone is a solid (m. p. 49°, b. p. 306°), for the manipulation of which the apparatus 
previously used (J., 1934, 1718; 1936, 254) was inadequate. Experiments were first made with 
a straight quartz tube heated by resistance wire, but modifications were necessary because the 
ketone condensed in the taps and prevented the maintenance of a vacuum. The apparatus 
shown in the figure was therefore built. 

A quartz tube AA’, 12 mm. in diameter, and fitted with ground joints, was bent into the 
two U-tubes M and N, separated by the straight length XY, 60 cm. long. The U-tubes could 
be immersed in a liquid-air vessel, and N was fitted with an extended side arm L, provided with 
a ground joint to allow of the introduction of the benzophenone. On each end of the quartz 
tube PQ, a capillary was formed which could be sealed with the benzophenone and thus prevent 
it distilling about the system. The whole of the tube was wound with nichrome wire, and 
temperatures up to 150° could be maintained. A metallic mirror could be formed in the quartz 
tube from the reservoir at X. To facilitate this process, a supply of pure hydrogen was available 
through T,. A hot and acold mercury arc, burning on opposite sides of the tube, were employed 
as sources of ultra-violet light, and the ketone was caused to stream from the vessel N into M 
(cooled in liquid air) by heating the wiring between X and V to about 80°, under which condi- 
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tions the capillary Q became blocked. It was found that brown opaque tellurium mirrors 
2 mm. wide and 5 cm. from the irradiated zone could be moved in times between 2 and 5 
minutes. To carry out a further series of runs, more benzophenone was introduced through L, 
or that in M was distilled back into N by cooling the latter in liquid air, heating the system 
between Z and Y, and pumping through 7, with T, closed. The capillary Q was opened by 
melting the benzophenone contained in it, whilst P was blocked by cooling with water. Blank 
experiments were made to ascertain (a) if the heat of the wiring was sufficient to remove a 
tellurium mirror by distillation, and (b) whether a tellurium mirror was affected by benzo- 
phenone in the absence of ultra-violet light. Both these experiments were negative, and the 
presence of free radicals in the photodecomposition of benzophenone is thus established. 

An attempt to identify the radical was made in the same apparatus by allowing the radicals 
to impinge on lead and tellurium. Diphenyl-lead is a blue solid (m. p. 200°), whereas diphenyl 
telluride is a high-boiling liquid forming stable salts with mercuric halides (Lederer, Ber., 1915, 
48, 1422). The mercury arcs were operated in the centre of XY, and a heavy tellurium mirror 
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formed on each side of them from deposits of the metal placed along the tube; the benzo- 
phenone was then allowed to stream backwards and forwards between X and Y in the manner 
described above. After six runs with 5 g. of benzophenone, the apparatus was dismantled, the 
quartz tube thoroughly extracted with ether, and to this extract was added a concentrated 
solution of mercuric iodide, but the quantities of aryl telluride, if present, were too small to 
allow of identification, which was rendered especially difficult by the fact that benzophenone is 
a solid. 

A final experiment was undertaken, an opaque mirror of pure lead 2 mm. wide, formed in 
the same way as the tellurium mirrors, being used. Although irradiated benzophenone was 
streamed over it, it was apparently unaffected and there was no appearance of the blue dipheny]l- 
lead. 

In order to obtain greater light absorption, the identification experiments were continued in 
the apparatus shown in Fig. 2 (J., 1936, 254), or in a silica circulating system which allowed the 
experiments to be made continuously over a considerable period. In view of the difficulty 
experienced with benzophenone, it was decided to investigate the products of the decomposition 
of acetophenone, which is a liquid at room temperature in summer (m. p. 19-5°) and may be 
distilled through the apparatus in the ordinary way. The acetophenone (B.D.H.) was frac- 
tionally distilled, and a small centre portion (b. p. 200°) retained. 

The first experiment was carried out in the absence of tellurium. Acetophenone was streamed 
back and forth through the quartz irradiation tube four times, in each case distilling from luke- 
warm water to liquid air. At the conclusion of the experiment, a yellowish solid was noticed 
in the side-arms of the irradiation vessel. It was dissolved in a little warm alcohol and allowed 
to recrystallise. The first deposition consisted of faintly yellow needles which appeared colour- 
less under the microscope. On being heated on the copper block under the microscope, they 
melted sharply at 70° (probably diphenyl, m. p. 69—71°). Later deposits of crystals were 
obtained which appeared under the microscope as yellow, fern-like clusters, identical with 
benzil, and melting sharply at 95—-97°. A third specimen was obtained in the form of a white 
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material, insoluble in the amount of alcohol used in the recrystallisation. After being washed 
thoroughly with cold alcohol, it melted sharply at 144—145°, and may have been dibenzoyl- 
ethane (m. p. 144—145°). These compounds afford some evidence of the intermediate form- 
ation of phenyl, benzoyl, and phenacyl radicals during the photodissociation of acetophenone. 

It was next decided to identify the radicals directly by allowing the decomposition products 
to react with tellurium. The apparatus used consisted of the silica irradiation vessel previously 
described (J., 1936, 254, Fig. 2), which was incorporated by means of ground joints in an appara- 
tus similar to that shown in Fig. 1, J., 1935, 1153, in place of the quartz tube XZ. The capil- 
lary tube D was, however, found to be superfluous, and was replaced by a length of 10-mm.- 
bore tubing. The manometers were filled with dibutyl phthalate to avoid the presence of mer- 
cury in the irradiation apparatus. As in the acetyl investigation (J., 1937, 567), the whole of 
the inner surface of the outer wall of the irradiation vessel was covered with sublimed tellurium. 
The acetophenone was distilled from the vessel E immersed in tepid water to the trap B cooled 
in liquid air, so that a pressure of a few mm. of butyl phthalate was indicated by the manometer 
C. In order to prevent the condensation of acetophenone in the irradiation vessel, this was 
held at 40° by controlling the rate of flow of the cooling water in the jacket. In the laboratory 
at about 20°, the rate of distillation was very slow, 12 hours being required to distil 20 g. of 
acetophenone through the system. Even at this low rate it was soon apparent that the tel- 
lurium mirror was being eroded, and the condensate in B was bright yellow. At the completion 
of the run, the reaction products were fractionally distilled in the system, but no sharp colour 
separation could be achieved. The whole product was therefore removed from the apparatus, 
whereupon the unmistakable odour of dimethyl telluride was noticed. A saturated solution 
of mercuric iodide in acetone was added, and a bright yellow precipitate separated, similar in 
every respect to dimethyl telluride mercury iodide obtained under identical conditions from the 
products of the photodecomposition of acetone in the presence of tellurium (J., 1937, 567). 
Considerable melting was observed under the microscope at 105—-110°, which was not affected 
by admixture with the authentic material (m. p. 107°, J., 1938, 282), but the product was 
obviously contaminated with small amounts of other materials which could not be removed. 
Repetition of the experiment confirmed this behaviour. 

The tellurium was then kept at 150° during the irradiation to favour the formation of di- 
tellurides instead of monotellurides. The liquid products were fractionally distilled before 
being treated with mercuric iodide. The tail fraction gave an insoluble precipitate which 
melted in the range 97—-110°. It was extracted with several small amounts of acetone. The 
residue, which was canary-yellow, was heated between cover-slips and observed under the micro- 
scope. It became orange at 86°, began to sinter and darken at 92°, was almost black at 96°, 
and melted to a russet-coloured liquid at 101—102°. This behaviour was identical with that 
shown by a synthetic specimen of diphenyl] ditelluride mercuric iodide, and was not affected by 
admixture with the synthetic material. 

The head fraction gave an orange-yellow precipitate with mercuric iodide (m. p. 86—96°), 
which, after extraction with hot acetone, melted at 97°, but could not be identified with any 
known organic tellurium compound. The filtrates from the precipitation and the extraction 
were combined, and evaporated until crystals began to deposit. These crystals were identical 
in appearance and properties with diphenyl telluride mercuric iodide, recrystallising to fine 
needles between 120—130°, sintering at 140°, and melting at 146°. 

Attempts to isolate a very soluble mercuric iodide derivative which was evidently present 
in the residues from the above experiment were unsuccessful. It was always contaminated 
with large quantities of mercuric iodide, from which we were unable to free it. The presence 
of phenyl methy] telluride, which forms a very soluble mercuric iodide derivative, was, however, 
readily demonstrated by using mercuric bromide as a precipitant in place of the iodide. The 
whole of the liquid products from the photolysis of acetophenone in the presence of tellurium 
were treated with a solution of mercuric bromide in acetone. A pale cream-coloured precipitate 
(A) was thrown out, to leave a pale yellow liquid (B). When (A) was heated, the colour in- 
tensified up to 90°; there were signs of sintering at 100°, and the substance melted at 116— 
117° to yield a yellow oil. After extraction with acetone, the compound sintered at 106° and 
melted at 110°. The liquid (B), on evaporation in a vacuum at room temperature, gave white 
granular crystals having a pale cream tinge, which melted to a yellow liquid at 125°, and were 
identical with phenyl methyl telluride mercuric bromide (mixed m. p. 124°). 

Phenyl methy] telluride, which has not previously been described, was prepared as follows : 
A mixed Grignard reagent was formed by adding a mixture of iodobenzene (0-2 mol.) and methyl 
iodide (0-2 mol.) to magnesium (0-4 atom) in dry ether (350c.c.). To the clear ethereal solution, 
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free from unchanged magnesium, was added little by little, with constant stirring, a finely 
powdered solid solution of iodine and tellurium which had been prepared by gently fusing to- 
gether an intimate mixture of powdered iodine (0-4 atom) and powdered crystalline tellurium 
(0-2 atom). The mixture was then refluxed for 3 hours, allowed to cool, and decomposed with 
ice-water. The resulting oily sludge was extracted several times with ether as rapidly as possible 
to eliminate aerial oxidation, the ethereal extract was rapidly dried over calcium chloride or 
sodium sulphate, the ether removed by distillation in an inert atmosphere, and the residual oils 
fractionally distilled in a vacuum. There were present dimethyl telluride, diphenyl telluride, 
and diphenyl ditelluride, but by far the largest fraction (17 g. = 40% yield) was phenyl methyl 
telluride, a yellow oil, b. p. 118—122°/22 mm., which combined quantitatively with mercuric 
halides to yield (i) the iodide TeMePh, Hgl,, as sulphur-yellow, acicular crystals, m. p. 89—90° ; (ii) 
the bromide as pale cream nodules, m. p. 124—125° (Found : Br, 27-57. C,;H,Br,HgTe requires 
Br, 27-55%); and (iii) the chloride, colourless granules, m. p. 132° (Found: Cl, 14:38. 
C,H,Cl,HgTe requires Cl, 14-45%). All three compounds are readily soluble in alcohol and 
acetone, from which they may be precipitated by the addition of water. The preparation of 
phenyl methyl telluride should be undertaken in a good fume-chamber. The vapours evolved 
have a most objectionable odour, which clings to the clothes for months after the conclusion 
of the experiment, and continued inhalation of the vapours induces an unpleasant halitosis, and 
in the authors’ experience, debility and headaches. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, August 23rd, 1938.] 





135. The Kinetics of the Esterification of Normal Fatty Acids. 
By R. A. FarrcLoucH and C. N. HINSHELWooD. 


Rates of esterification of series of normal fatty acids have been determined for the 
following systems : 

(a) In ethyl alcohol: catalysed by undissociated acid—reaction bimolecular with 
respect to acid. 

(b) In methyl alcohol: catalysed by hydrion from hydrogen chloride. 

(c) In cyclohexanol: catalysed by undissociated acid. 

From butyric acid upwards the activation energies show only small random vari- 
ations. The true values are therefore assumed constant, and & is taken as a measure 
of PZ in the Arrhenius equation. 

It is found to rise with the higher acids appreciably in (a), to a smaller extent in 
(c), and little, if at all, in (0d). 

The rise is ascribed to an increase in collision number with increasing incompatibility 
of packing of solvent and solute molecules. 

The possibility of this effect had been suggested by experiments with a mechanical 
model in which steel balls represented molecules. 


THE velocity constant of a reaction in solution being expressed by the modified Arrhenius 
equation k = PZe~#/®", the problem arises of factorising the temperature-independent 
term PZ, in which Z is the actual rate of collision between reactant molecules, and P the 
probability that collisions between activated molecules lead to reaction. General theor- 
etical arguments, and direct experimental comparisons between reactions in the gas phase 
and in solution indicate that the order of magnitude of Z in solution is that calculated 
from the kinetic theory of gases. Although the solvent impedes diffusion and thus cuts 
down the number of collisions which a given solute molecule makes in unit time with 
fresh ones, it hems in pairs of solute molecules and causes them to make repeated collisions 
with each other, the two effects probably nearly balancing. For the purposes of ordinary 
slow chemical reactions the repeated collisions are as effective as fresh encounters. Thus 
the large changes in PZ over several powers of ten which are often found must be due 
to changes in P. But the smaller changes within a given order of magnitude may, as far 
as. theory can decide, equally well be due to changes in Z. 

In some recent experiments (J., 1937, 1573; 1938, 236) we have found changes in 
PZ with variation of solvent, which, with reasonable certainty, can be analysed into two 
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parts, one showing the well-known correlation with E, the other being apparently a 
function of the polarity of the solvent and reactants. It was suggested that part of this 
variation might be due to changes in Z. The most probable source of these variations 
appears to be the “‘ squeezing out ”’ to a greater or smaller extent of solute molecules from 
the structure of the solvent, whereby the concentration virtually changes, with consequent 
increase of Z. 

The increase in the number of repeated collisions as the number of fresh encounters 
diminishes with increasing density of solvent has been illustrated on a mechanical model 
by Rabinovitch and Wood (Trans. Faraday Soc., 1937, 33, 1225). In order to investigate 
further some purely geometrical aspects of the collision problem, we had a somewhat 
similar model constructed, in which the behaviour of small steel balls could be observed 
under various conditions. In this model steel balls of given sizes represented solvent 
and solute molecules. In the first series of experiments solute and solvent balls were of 
the same size, and the effect of increasing solvent density was investigated. The above- 
mentioned result was confirmed : as the solvent became more dense the number of sets of 
repeated collisions grew at the expense of the number of fresh encounters. The total 
collision rate, however, remained constant. The same result was found when the solute 
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balls were smaller than those representing the solvent. When, however, they were larger, 
a new phenomenon appeared. At moderate densities of solvent, the total collision rate 
was constant as before, but at very high densities the total solute collision rate rose sharply. 
The solvent exhibited a very strong tendency to assume a close packed “ structure,” into 
which the larger solute balls did not fit, but tended to become “ squeezed out ’’ in groups, 
with a consequent large increase in the number of repeated collisions (see Fig. 1). 

The question arises as to how far results for the behaviour of steel balls can be applied 
to real molecular systems. Although the latter would certainly show greater complexity 
of behaviour, leading perhaps to new sources of variation in Z, an effect depending upon 
purely geometrical factors such as the packing of the solvent and solute might well appear. 
To investigate this matter we need a bimolecular reaction involving two like molecules 
the size of which can be varied by passage up a homologous series, the solvent being kept 
constant. The analogy would naturally be far from exact, since molecules are not steel 
balls, nor would the higher members of the series be even approximately spherical. Yet 
if we reflect that the increased collision rate observed with the larger balls in the model 
is less due to their size than to the increasing incompatibility of the packing systems 
preferred by solute and solvent as the solute becomes larger, we see that the analogy in 
this particular respect would be quite close. Systems composed of higher members of a 
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homologous series dissolved in a solvent of low molecular weight may, from this point of 
view, prove to be analogous to those containing the large and small steel balls. 

One of the few chemical reactions fulfilling the condition required is the esterification 
of a long-chain fatty acid in one of the lower alcohols. The undissociated molecule of the 
acid acts as its own catalyst, and the reaction is kinetically bimolecular with respect to 
the acid, there being excess of alcohol all the time. By using a number of normal fatty 
acids. of different molecular weight, the size of the solute molecules can be varied without 
appreciable change in their chemical properties. 

The kinetics of this reaction were therefore investigated for a series of fatty acids 
having straight chains of from 2 to 22 carbon atoms, the solvent being ethyl alcohol. The 
results are more fully discussed in a later section, and it is sufficient to state here that a 
steady increase in PZ of the kind discussed was observed from butyric to behenic acid. 

Certain results of Goldschmidt (Z. phystkal. Chem., 1920, 94, 233) suggested that with 
one only of the two reactants increasing in size along the series, the incompatibility of 
packing might not lead to any change in the collision rate, there being no extrusion of the 
smaller reactant from the solvent structure. The kinetics of esterification of the same 
series of acids was therefore investigated in methyl alcohol, with hydrion as catalyst. 
Here no significant increase in PZ with the size of fatty acid was observed. 

To complete the series of experiments, the esterification of the same acids should be 
investigated in a long-chain alcohol as solvent, where no increase in Z due to incompatibility 
of packing would be expected. Unfortunately, such alcohols do not dissolve water, and 
therefore as soon as any reaction occurred the system would become heterogeneous, so 
that accurate measurements could not be made. For this reason cyclohexanol was chosen 
as the largest solvent molecule which it was practicable to use. 


EXPERIMENTAL. 


Experiments with the Mechanical Model.—The model consisted of a polished wooden annular 
tray, the radial cross-section of the annular space being approximately 6’’. The tray was 
mounted eccentrically on a geared axle driven by an electric motor, and could be rotated at 
constant speeds varying from approximately 50 to 150 r.p.m. A periscopic arrangement 
enabled a circular area of diameter 2}’’ to be observed. Steel balls were used to represent 
molecules, those representing the solute being painted. The total number of collisions between 
solute balls in a given time in the area of observation was counted. Each time of counting was 
long enough to ensure only small fluctuations from the mean. Since the balls received their 
kinetic energy from collisions with the walls of the tray and with each other, “‘ thermal 
equilibrium ’’ was only set up inside the system when the number of collisions between balls 
was greater than that of balls with the walls of the tray. In other words, the experiments were 
only significant when the mean free path of the balls was considerably less than the dimensions 
of the tray. The steel balls varied in size from }’’ to #,”’. 

Fig. 1 shows the results of a set of experiments in which the solvent balls (diameter ¥,’’) 
were varied in density from the minimum compatible with “ thermal equilibrium ” almost to 
the maximum which the tray would accommodate. When the solute and solvent balls were 
the same size the total collision rate was independent of the solvent density. When the diameter 
of solute was raised to ,”’ the collision rate exhibited a sharp rise when the solvent density was 
increased beyond a certain point. Z, the collision rate between solute balls, is expressed in 
min.—! and the density of the solvent is represented by the total number of balls on the tray; 
in each case there were ten solute balls present. -Inspection of the model in operation showed 
that in the flat part of the curve the ratio of repeated collisions to fresh encounters was increas- 
ing with solvent density. In the region of abnormal increase in collision rate the solvent was 
so tightly packed that it took on a definite structure, from which the solute balls tended to be 
excluded. 

On repetition of the experiments with solute and solvent balls both of the larger size, or 
with solute smaller than solvent, the rate was again found to be independent of density at all 
densities, since under these conditions the solute balls were easily included in the packing 
arrangement. 

Purification of Materials ——Ethyl] alcohol was refluxed for several hours over freshly burnt 
quicklime, and distilled. Methyl alcohol was fractionated, before and after treatment, with 
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aluminium amalgam. cycloHexanol was dried over anhydrous sodium sulphate and frac- 
tionated (b. p. 159°; m. p. 23°). Acetic acid was frozen out six times, propionic, butyric, 
hexoic, and pelargonic acids were fractionated, and myristic and palmitic acids were re- 
crystallised several times from alcohol. The last two were free from unsaturated acids and had 
setting points of 52° and 62° respectively. 

Behenic acid was prepared from ‘‘ Kahlbaum ”’ erucic acid by hydrogenation of the ester 
in presence of colloidal palladium, the details of technique being kindly supplied by Professor 
F. Francis. The product was free from erucic acid, and after two recrystallisations from glacial 
acetic acid had a setting point of 79°. All fractionations and distillations were carried out in 
all-glass apparatus. Thermometers were checked against N.P.L. standards. All constants 
are corrected for solvent expansion and expressed in 1. (g.-mol.)-1 sec.+. 

Catalysis by Undissociated Acid in Ethyl Alcohol_—For the main series of experiments, 
N-solutions were used, and measurements were made at four temperatures, 75-5°, 100°, 120° 


and 154°, vapour-bath thermostats being employed. 
Solutions were sealed up in 5-c.c. glass bulbs, preheated, and, at suitable intervals, titrated 


with alkali, cresol-red being the indicator. 

Solutions of acids up to pelargonic were buffered with n/100-sodium or ammonium salt. 
With butyric acid, the effect of varying the concentration of acid and of buffer was investigated 
at 100°. Change of acid concentration to 0-25n produced a very slight increase in rate, as did 
absence of buffer, or increase of buffer concentration to 0-025n (see Table I). 


TABLE I. 
Influence of Concentration and Buffer on Butyric Acid at 100°. 
PIB. ddcciioscsscvrsecescssecentscosecscse 1-0N 1-0Nn * 1-0N 0-25N 
BME cr cccsscicsnccesccvssecesecsagesonss 0-0 0-01N 0-025N 0-01N 
BH IO crcscccccsccrssccsccsvecsoscceces 336-1 309-8 317-0 336-1 


* Main series of experiments. 


Myristic acid was investigated in buffered and in unbuffered solution, no difference in rate 
being observed, indicating that its dissociation in ethyl alcohol is negligible; the same was 
taken to apply to palmitic and behenic acids. With myristic acid, k was constant between 
1-0n and 0-25n, and for the main series of experiments with this acid n/2-solutions were used. 
Owing to the low solubility of palmitic acid, n/2-solutions were used, and even at this con- 
centration solutions had to be made up at 30°, which was allowed for in correcting for solvent 
expansion. 

The extremely low solubility of behenic acid made experiments with it rather difficult, 
and probably less accurate. The maximum concentration which could be obtained was 0-0785n, 
solutions being made up and pipetted out at 50°. In each case bimolecular constants were 
found, and the Arrhenius equation was obeyed (Tables II and III). 





TABLE II. TABLE III. 
Acetic acid, 1-0n. Palmitic acid, 0-5n. 
Temp. 151-0°. Temp. 153-9°. 

Mins. %, k x 108. Mins. %. k x 108, 
23 6-78 52-9 58 8-46 53-5 
29 8-76 55-2 85 10-94 48-2 
53 14-17 52-2 108 14-43 52-2 
77 20-55 55-8 140 17-16 49-3 
228 42-72 54-5 170 19-65 47-8 
254 45-91 55-7 199 23-14 50-4 
265 47-21 56-0 287 29-10 47-6 
284 49-00 56-4 350 34-82 50-8 
349 53-18 54-3 408 36-32 46-6 


Mean & (uncorr.) = 54-9 x 10-*. Mean & (uncorr.) = 49-6 x 10-*. 





In Table IV are given the values of k at 100-0° calculated from those of E and log PZ deter- 
mined by the method of least squares. 

Catalysis by Hydrion in Methyl Alcohol_—Hydrogen chloride was used as catalyst. Dry 
filtered gas, tested for freedom from sulphuric acid spray, was passed into methyl alcohol, and 
the concentrated solution was diluted to the required strength. The reaction was studied at 
0°, 20°, 30°, and 45°, at least two runs at each temperature being made. Owing to the low 
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TABLE IV. 


Summary of Results for Esterification in Ethyl Alcohol, 
log*PZ. Ryoo X 410°. 

3-69 

3°47 

3°18 

3-41 

3°34 

3°30 

3°51 

3°51 
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solubility of palmitic acid, it was only possible to work at the three higher temperatures. 
Behenic acid is too insoluble in methyl alcohol to be used at all. Solutions of the fatty acid 
and catalyst were preheated before mixing, and 5 c.c. portions were withdrawn from time to 
time and titrated against n/50-sodium hydroxide. (Methyl alcohol was used instead of ethyl 
alcohol for these experiments with hydrion, which are much more sensitive to minute traces of 
impurity, presumably basic, in the alcohol. It was found easier to obtain methyl alcohol of 
the standard of purity required for the most accurate work.) 

In the main series of experiments n/10-fatty acid, and hydrogen chloride from 0-002N to 
0-006nN were used. The course of the reaction was found to be exactly described by- Gold- 
schmidt’s equation (Z. physikal. Chem., 1907, 60, 728), viz., 


ket = (1 + a/r)in af(a — x) — #/r 


where c is the concentration of hydrion, a the initial concentration of fatty acid, and ¥ the amount 
esterified in time ¢. The empirical constant r has a single value for a given acid at a given 
temperature, but varies with temperature, and with the nature and concentration of the fatty 
acid. Its value for each run was determined from the ratio of the values of ¢ corresponding to 
25% and 50% change, read from a smooth curve of the experimental points. The values of 
y and of the activation energy for acetic acid in N/10-solution differ from those found by William- 
son and Hinshelwood for n/2-solution, but repetition of the experiments using their concen- 
tration confirmed their results for ry and gave a value of E fairly close to theirs; E thus varies 


slightly with concentration. Tables V and VI show typical runs for acetic and palmitic acids 
at 20-0°. 


TABLE. V. TABLE VI. 


Acetic acid. Palmitic acid. 
c = 0-00349; a = 0-0997. c = 0-:00553; a = 0-100. 

Mins. %. Rk. Mins. %. k. 

18-5 0-01610 0-0467 33 0-0176 0-0190 

30-8 0-02400 0-0453 39 0-0222 0-0211 

39-0 0-02920 0-0450 53 0-0282 0-0210 

55-0 0-03840 0-0466 67 0-0343 0-0215 

78-0 0-04793 0-0454 90 0-0421 0-0215 

88-0 0-05160 0-0451 105 0-0468 0-0219 
113-0 0-05924 0-0459 123 0-0516 0-0208 
208-0 0-07920 0-0453 213 0-0697 0-0223 
230-0 0-08200 0-0451 250 0-0748 0-0224 


(yr = 0-154.) (yr = 0-16.) 
Mean k = 0-0455. Mean k = 0-0213. 


The values of y which were found to fit the Goldschmidt equation are given in Table VII, 
and Table VIII shows the values of E and log PZ and of k at 20-0°. 


TABLE VII. 
30°. 
0-21 
0-16 
0-19 
0-14 
0-10 
0-27 
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TABLE VIII. 
Acid. E. log PZ. Rap- 

















IIE TREO Sin Setudinnscvadersitedgeeyeicicreie 12,450 7955 0-0442 
WOUND CEIUUE Sp vencvicsinvdorsecepscuniaens 11,600 6-960 0-0384 
PC ENTED «bs csceseiccvseccbaskataseseessecs 11,800 7-183 0-0228 
PS CURIE casted pvcvcceccencsdesagebesseatins 11,700 7-073 0-0208 
Pelargonic (N/10) ..........sseeeeeeeeeeeeeeees 11,300 6-750 0-0198 
UTE TUR co choscsasesecedesbdtepvocustnes 11,800 7-176 0-0221 
DETTE COPED | eels ab verivciacsesventieawicsettve 10,800 6-710 0-0447 





Catalysis by Undissociated Acid : Experiments in cycloHexanol.—In preliminary experiments 
it was found that the bimolecular constants for the esterification of acetic acid at 120° fell as 
the reaction proceeded. This was shown to be due to a retarding influence of the water formed 
in the reaction, the initial constant for n-acetic acid when the cyclohexanol contained 0-5 mole/I. 
of added water being the same as the instantaneous value of k at 50% change in pure cyclo- 
hexanol, The constant was independent of the initial concentration of the acetic acid and 
depended only on the water content of the solvent. The retardation was most marked at 
lower temperatures, and in some cases no drift in the bimolecular constants could be seen at 
the two highest temperatures. Constants were calculated from initial rates when the retard- 
ation was observed. Acetic acid was studied at 90°, 100°, 110°, 120°, 138°, and 154°, and the 
other acids at the five highest temperatures only. The Arrhenius equation was obeyed. 
n-Solutions were used, except for the less soluble palmitic and behenic acids, for which 
0-5n- and 0-08Nn-solutions respectively were used. 

Since a five-fold decrease in the concentration of palmitic acid itself caused a change in 
rate equal to the difference between palmitic and behenic acids, the results for the latter are, 
unfortunately, not directly comparable with the rest of the series. The results for palmitic 
acid at 0-5N are, however, closely comparable with the main series, since halving the concen- 
tration of acetic acid made no difference to the rate. Results are summarised in Table IX. 






















TABLE IX. 





















log PZ. Rigg X 10°. 
TEED: inctarindsatimpbbetapetiinteiiaascebesonian 16,600 4-262 3-18 
WEEE Sivaswnsnccacsecsavantiteuncasesesenbes 16,500 4-038 2-24 
BER” knkcctcsensiacsishodsauscedecclavannveeees 15,700 3-431 1-59 
SD indincpdbnwacdiaiidedniadcsscsadateadsoeone 15,000 3-095 1-89 
SINNED. dnndccadndecosdnesdrcudenseiiceeeaienes 15,400 3-335 1-91 
i eS ene 15,400 3-375 2-09 
BN EN TEED ven cesccccscssesssoccctenstincnnn 14,300 2-800 2-49 


DISCUSSION. 


The activation energies are recorded in Tables IV, VIII, and IX. When the undis- 
sociated acid is the catalyst and ethyl alcohol the solvent, the activation energy is constant 
within the limits of experimental error throughout the whole series. With hydrion as 
the catalyst in methyl alcohol, E falls from acetic to propionic acid, after which only small 
irregular variations occur. In the cyclohexanol series there are decreases in the earlier 
members, followed by small irregular variations. We should expect from the electronic 
theory of organic reactions that the first few members of the fatty acid series would show 
progressive changes in the energy of activation for esterification. Since, however, a 
saturated carbon chain is not a good conductor for the inductive effect which determines 
this change, less and less influence of further substitution should be observed as the chain 
length is increased. This is in accordance with the experimental results, since no pro- 
gressive change in E is observed after butyric acid, in any of the three cases. It is difficult 
to imagine any mechanism other than induction by which the activation energy could be 
changed. We therefore assume that, as the small observed variations in E, after butyric 
acid, are quite random, the real activation energy is exactly constant, and the variations 
are due to experimental error. 

If this is admitted in principle, PZ becomes directly proportional to k. Since & can 
be measured more accurately than PZ itself, we shall take its variation in the series as 
giving the best indication of the true changes in PZ from butyric acid onwards. 
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In Fig. 2 the relative rates of esterification in ethyl alcohol at 100° (catalyst undis- 
sociated acid) and in methyl alcohol at 20° (catalyst hydrion) are plotted against the number 
of carbon atoms in the fatty acid. In the former series there is a minimum at butyric 
acid, after which the rate rises steadily. In the latter series, however, the rate continues 
to decrease slightly, and never rises again above the value for butyric acid. If we accept 
the validity of the foregoing argument as to the constancy of E, we may regard these 
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Open circles = reaction catalysed by hydrion. 
Black , = pe = undissociated acid. 





























changes as proportional to those in PZ. The hydrocarbon chains are probably quite 
inert; the greater apparent collision area of the larger acids is irrelevant, because only 
collisions with carboxyl groups lead to reaction; in gases, increasing molecular weight 
would decrease Z; we must therefore seek for some explanation of the greater efficiency, 
or number, of collisions in the reactions which involves two molecules of the larger acids. 
The efficiency of collisions between the carboxyl groups of these cumbrous molecules 
would if anything decrease as their. size 

increased. On the other hand, if the in- Fic. 3. 

compatibility of packing patterns of solvent 

and solute were great enough to lead to i 
exclusion of the solute from certain regions 

of the solvent, we should expect Z to show 
the increase indicated by the experiments 
with the model. This effect would increase 
as the incompatibility became greater, #.¢., 
on ascending the homologous series. 

The fact that no comparable increase in 
PZ is found with the hydrion-catalysed re- 
action (Fig. 2) lends some support to this view J 
of the mechanism. Changes in the chemical 
properties of the acids might affect the 
values of PZ in both series, but the incompatibility of packing would operate differently 
with the hydrion-catalysed reactions. Although fatty acid molecules would still be 
excluded from the pattern of the solvent, hydrions would not; the latter would thus be 
free to move about the solution, without undergoing abnormally long sets of repeated 
collisions with the fatty acid molecules. 

The relative rates of reaction at 100° for the various acids in cyclohexanol are given 
in Fig. 3. Here the position is not quite so clear, since the total variations are smaller, 
and the measurements probably less accurate; but, on the assumption as before that the 
activation energy is really constant after butyric acid, there is a slight rise in PZ in the 
latter part of the series. This might be taken to indicate that in cyclohexanol solution 
molecules of the higher acids become less able to fit in with the solvent pattern, although 
the effect is less marked than with smaller solvent molecules of ethyl alcohol. 
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With whatever reserve the mechanical model may be regarded, it did in fact suggest 
the whole of the chemical investigation, and even without it, the interpretation in terms of 


collision numbers appears reasonable. 
The authors thank Dr. J. C. Smith for advice on the purification and manipulation of the 
long-chain compounds, and H.M. Department of Scientific and Industrial Research for a 
maintenance grant to one of them. 
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136. The Interaction of Sulphur Monoxide with Nitrous and Nitric 
Acids. 


By C. J. Wirkins and F. G. Soper. 


Solutions of nitrous and nitric acids in sulphuric acid are reduced irreversibly by 
sulphur monoxide. Nitrogen is liberated from nitrous acid in accordance with the 


equation 3SO + N,O, = 3SO, + Nj. 


THE isolation of sulphur monoxide by Schenk (Z. anorg. Chem., 1933, 211, 150) and the 
demonstration that this compound is formed in 1% yield when a mixture of sulphur 
vapour, sulphur dioxide, and air is passed through a tube heated to 700°, reopens the 
question of chemical loss of nitrogen in sulphuric acid manufacture by the lead-chamber 
process. Such a loss occurs if there is irreversible reduction of the nitrate, ¢.g., to nitrous 
oxide or to nitrogen. Recently, Schenk (tbid., 1937, 233, 385) examined the reaction of 
nitric oxide and sulphur monoxide and concluded that the formation of a higher oxide of 
nitrogen and elementary sulphur does not occur. In the present work, sulphur monoxide 
has been allowed to react with nitrogen compounds such as exist in the lead-chamber 
plant, and the fate of these compounds determined. 

Table I gives the results of experiments to determine whether, when sulphur monoxide 
reacts with nitric acid, irreversible reduction occurs. Potassium nitrate was dissolved in 
78% sulphuric acid and allowed to react either with a stream of pure sulphur dioxide or 
with a similar quantity of sulphur dioxide containing about 12% of sulphur monoxide. 
The residual nitrate or nitrite left in the reaction vessel or carried over into absorption 
vessels was estimated as ammonia after reduction with Devarda’s alloy. Any loss of 
nitrogen is an indication of reduction of nitrate to nitrous oxide or nitrogen. 


TABLE I. 
Initial KNO,, KNO, left, KNO, carried Total KNO, KNO,; lost, 
Gas. g. g. over, g. recovered, g. g- 
Di cccsensccesrncinnces 0-3877 0-1960 0-1911 0-3871 0-0006 
DERe cnasorsevecscogecsese 0-0972 0-0122 0-0831 0-0953 0-0019 
SO, + GO ccccccccsese 0-2355 0-0378 0-1743 0-2121 0-0234 
SO, + SO cccccceseees 0-3320 0-0561 0-2543 0-3104 0-0216 
i eee 0-0905 0-0151 0-0639 0-0790 0-0115 
Sy PD ec cccccccece 0-3000 0-1339 0-1156 0-2495 0-0505 
Sg Fe BOD! 020. cce0c0- 0-4867 0-0081 0-4411 0-4492 0-0365 
er i cbitccinscteniion vee 01256 0-0037 0-1183 0-1220 0-0036 
SMe donbesnenssasecesseey 0-2632 0-0189 0-2448 0-2637 —0-0005 
Dg HP SOD cccccseseces 0-1430 0-0918 0-0434 0-1352 0-0078 
0-2128 0-0300 0-1489 0-1789 





eee eeeeeeeee 





It appears from these figures that, whenever the monoxide was present, there was a 
loss of nitrate—nitrite many times greater than is observed in the control experiments 
when sulphur dioxide alone was used. Irreversible reduction of a much larger proportion 
of the nitric acid was achieved by allowing the acid to remain in contact with the sulphur 
dioxide or monoxide mixture in a 5-1. flask for 2 hours. The results obtained are given in 
Table II. In this set of experiments some sulphur separated on the surface of the solu- 
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tion of nitrate in sulphuric acid. No such separation occurred when the gas bubbled 
through the liquid as in the experiments of Table I. 


TABLE II. 
SO + SO,. SO,. SO,. SO + SO,. SO,. SO + SO,. 

0-0444 0-0447 0-0707 0-0653 0-1954 0-0380 

KNO,, recovered ... 0-0089 0-0403 0-0660 0-0350 0-1904 0-0061 

KNO,, 1 0-0355 0-0044 0-0047 0-0303 0-0050 0-0319 
A mixture of sulphur monoxide and dioxide of known sulphur monoxide content was 
then passed through a solution of sodium nitrite in sulphuric acid, and the extent of the 
irreversible reduction determined. The results are given in Table III. The values for the 


TABLE III. 


Weight of SO used, g. ......... Pe 0-0150 0-0145 0-0074 0-0312 
Loss of NaNOg, g. ......-eeeeeees ° 0-0155 0-0165 0-0061 0-0246 


Density of H,SO, 1-78 1-71 1-71 1-71 


loss of nitrite lie close to the broken line (Fig. 1) which represents the theoretical loss if 
the equation*3SO + N,O, = 3SO, + N, represents the reaction. 


Fic. 1. 














L J | 


0:005 0-010 0-015 0020 0-025 O zZ 3 
NaNO, Lost, g. N2 collected,c.c. 








A further set of experiments was carried out to identify the products of the irreversible 
reduction. No evidence was obtained of the presence of ammonia, hydrazine, or nitrous 
oxide. Free nitrogen was, however, isolated, and its volume was found to be proportional, 
within experimental error, to the weight of sulphur monoxide passed through the solution 
of nitrite in sulphuric acid. The results (Fig. 2) are in harmony with the foregoing equation. 
Blank experiments in which a similar quantity of sulphur monoxide was passed through 
sulphuric acid indicated that the sulphur monoxide and dioxide mixture contained no 
appreciable nitrogen. 

Although the present measurements have been confined to room temperature, it appears 
likely that if sulphur monoxide were present in the burner gases entering the Glover tower, 
it would react irreversibly with nitrous acid and be a contributory cause of loss of nitre. 
Further work is in progress on the technical aspects of the reaction. 


EXPERIMENTAL. 


Preparation and Estimation of Sulphur Monoxide——Sulphur monoxide was prepared by 
burning sulphur in oxygen at pressures below 40 mm. (Schenk, Z. anorg. Chem., 1934, 220, 
268). It was estimated by absorbing it in 5N-potassium hydroxide and analysing the resulting 
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solution for sulphite, thiosulphate, and sulphide by the method of Kurtenacker and Wollack 
(ibid., 1927, 161, 201). For purposes of estimation, the sulphide and thiosulphate may be 
regarded as produced according to the equations 3SO + H,O = 2SO, + H,Sand 2SO + H,O = 
H,S,0 . 

A pparatus.—-The 5-1. bulb A (Fig. 3) was evacuated and filled with the mixture of monoxide 
and dioxide up to a pressure of 40—50 mm. After evacuation of the remainder of the apparatus 
with taps T,, T, and T, closed, T, was closed and T, opened, so that the gas from A slowly 
bubbled through the tube B containing a known weight of nitrate or nitrite in sulphuric acid. 
The reaction products passed through 3n-alkali in C, and the non-acidic gases collected in the 
2-1. bulb D containing about 50 c.c. of concentrated alkali. When sufficient gas had passed 
through the reaction tube B, taps T, and T, were closed, and T, and T, opened to admit air. 
The nitric oxide which had collected in D and E was oxidised and absorbed by the alkali. An 
hour was allowed for this absorption, but as an additional safeguard, the gases were then slowly 
drawn through the U-tube E filled with glass beads: moistened with alkali. The vessels C 
and E were packed in ice to lessen volatilisation. The alkali in C contained sodium peroxide 
to prevent the accumulation of sulphite, the presence of which might cause reduction of nitric 
oxide in alkaline solution. In determination of the residual nitrogen as nitrate and nitrite, 
B and C were detached together, and excess of dilute alkali was added down the inlet tube of 


Fie. 3. 


B to retain all the oxides of nitrogen remaining. The nitrate and nitrite in B, C, D, and E 
were estimated by reduction with Devarda’s alloy to ammonia. Similar control experiments 
were carried out upon pure sulphur dioxide. 

In the experiments of Table II, potassium nitrate was weighed into a large bulb fitted with 
a tap-funnel. After evacuation, 5 c.c. of sulphuric acid (d 1-71) were run in, and when the 
nitrate had dissolved, the sulphur monoxide—dioxide mixture was admitted. After 2 hours, 
the nitrogen oxides remaining were absorbed by allowing air and excess dilute alkaline peroxide 
to flow in. Nitrous oxide would not be absorbed. 

In order to determine the weight of sulphur monoxide available for reaction with nitrous 
or nitric acids, two 5-1. bulbs, A, were filled simultaneously (only one is shown in Fig. 3). The 
monoxide in one was estimated by running in alkali, while the other was connected to a pressure 
gauge so that the fraction of gas withdrawn from it was known. 

Examination of Gaseous Products of the Reaction.—The two large bulbs A and the sulphur 
combustion tube (not shown) were freed from air by evacuation to about 1 mm., filling with 
sulphur monoxide—dioxide mixture to 40 mm., and repeating the evacuation twice before using 
the gas. To collect the gaseous products of the reaction, the vessels D and E were detached 
at W and replaced by the 200-c.c. gas burette X. The apparatus between the closed taps T, 
and T was evacuated through T,. The non-acidic gaseous reaction products collected in the 
upper part of C and in X and were passed from time to time into the sample tube Z. The 
nitric oxide in the sample so collected was removed by adding excess oxygen and absorbing 
the nitrogen dioxide with solid sodium hydroxide. The resulting mixture of oxygen, with 
possibly nitrogen or nitrous oxide, was then sparked with excess of hydrogen, and the residual 
hydrogen removed. The contractions indicated that nitrogen was present and that the amount 


of nitrous oxide was inappreciable. 
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In one typical experiment, the volume of gas collected was 13-45 c.c. After addition of 
11-63 c.c. of oxygen, the volume after absorption of nitrogen dioxide was 5-60 c.c.; 9°90 c.c. (a) 
of hydrogen were added, and after sparking, a contraction of 8-70 c.c. (b), leaving 6-80 c.c., 
was observed. Excess oxygen was then added, and the contraction (c) after sparking was 
6-16 c.c. It follows that the volume of nitrous oxide in the 5-60 c.c., after absorption of the 
dioxide, was 3a — 2b — 2c = — 0-02 c.c., the volume of oxygen was b + 2c/3 — a = 2-91 c.c., 
and that of nitrogen 5-60 — 2-91 = 2-69c.c. Results of experiments in which the volume 
of nitrogen obtained was correlated with the weight of sulphur monoxide present are given in 
Table IV. 

TABLE IV. 
Vol. of gas collected, c.c. ......... 37-00 36-90 5-12 13-50 24-25 24-30 


Vol. of nitrogen, 4-09 1-07 0-93 1-62 3-04 1-43 
SO used from 4, g. 0-025 0-009 0-0047 0-012 0-017 0-011 


The authors thank Mr. H. D. Kerr of the Dominion Fertiliser Company for helpful discussion. 
One of them (C. J. W.) is indebted to the Council of the University of Otago for the award of 
a John Edmond Fellowship. 
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137. Strychnine and Brucine. Part XLI. Re-examination of the Action 
of Bromine on Diketonucidine and its Bearing on the Structure of the 
Alkaloids. 

By H. L. HotMEs and (SiR) ROBERT ROBINSON. 


We have been able to reproduce the descriptive results of Leuchs (Ber., 1932, 65, 
1237) in connexion with the action of bromine on diketonucidine in aqueous solution and 
the subsequent isolation of the perchlorate of a base. The product in our experi- 
ments was found to be diketonucidine perchlorate. The argument from this reaction 
is accordingly reversed and examination of other reasons for the belief that the B- 
position of the hydroindole nucleus bears a hydrogen atom throws serious doubt on the 
validity of this conclusion. 

It is probable that the base C,,H,,0,N,Br,, obtained from cacotheline by the 
action of bromine, is 3 : 3-dibromo-2-hydroxynucine, and its product of hydrolysis, 
C,,H,,0;N,, is regarded as 2-keto-3-hydroxynucine hydrate. The balance of evidence 
now points unmistakably to a particular constitutional formula for strychnine (II). 


AN interpretation of the chemistry of the alkaloids and the course of the known degrad- 
ations of strychnine and brucine, including the permanganate-oxidation seriesof Leuchs, was 
first given definite shape in full formule in which N(a) formed part of a tetrahydroquinoline 
nucleus (Bakerian Lecture of 1930, Proc. Roy. Soc., 1931, A, 180, 431). Shortly afterwards 
the recognition that dinitrostrycholcarboxylic acid is 5 : 7-dinitroindole-2 : 3-dicarboxylic 
acid led to a recasting of the proposed constitutions, but the essential features of the earlier 
views were retained. 

The first structure formulated at this stage was (I), and K. N. Menon submitted a thesis 
to the University of London on this basis in 1931. Further considerations showing that 
strychnine cannot bear hydrogen atoms in both the 2- and the 3-position of the indole 
nucleus and must be a 2 : 3-trisubstituted dihydroindole derivative resulted in the modi- 
fication to (II) (Menon and Robinson, J., 1932, 781). A few months later Leuchs (Ber., 
1932, 65, 1230) adopted the formula (I) and stated that it “ differed little from that proposed 
by the English chemists.’’ The structure (I) is indeed identical with that developed in 
this series of papers with the exception of a slight modification which we had considered 
and rejected for what appeared, and still appear, to be good reasons. 

A very strong argument against (II) was provided by the observation of Leuchs (loc. 
cit.) that diketonucidine (III on the basis of II) could be readily monobrominated, pre- 























604 Holmes and Robinson : 





sumably in the «-position to the keto-carbonyl group. Hence it was considered necessary 
to contemplate the alternative (IV) (Blount and Robinson, J., 1932, 2308). 


CH,——CH, cH,———CH, 
zr | cx , 
(r¥ & Yui—y ( ve N cae 
CH CH H, H x 3 
wr a 
(I.) jo Sn (II.) 
cD ta i Ft if He 
\c&t, ‘o—tu, a 


The formula (IV) (or an expression including both II and IV) was employed in later 
papers, the only reason for doing so being the failure of (II) to explain the bromination of 
diketonucidine. A clear statement to this effect was made in Part XXVI (Achmatowicz 
and Robinson, J., 1934, 583). Strong evidence that the ethanamine chain is attached to 
the 6-position of the indole nucleus was provided by the discovery that degradation of 
strychnine and some of its derivatives by hot alkali affords tryptamine in significant 
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amount (Kotake, Proc. Imp. Acad. Telos 1936, 12, 99; Clemo, J., 1936, 1695), and, this 
structural feature being accepted, location of a hydrogen atom in the 6-position would imply 
that the upper methylene of the carbazole skeleton of (II) is attached to the «-position. 
This third possibility (Openshaw and Robinson, J., 1937, 941) did not commend itself 
on general grounds, but it seemed necessary in order to reconcile the formation of tryptamine 
with the monobromination of diketonucidine. 

As all the other evidence of a hydrogen atom in the 6-position is inconclusive and 
capable of different explanations, we thought it desirable to examine bromodiketonucidine 
hydrate perchlorate more closely and expecially to study the function of the halogen; if, 
for example, the bromo-derivative were an «-bromo-ketone, it should be reducible by hydro- 
gen iodide. 

The bromination experiment described by Leuchs (loc.cit.) is a simple one and in our 
repetitions the various superficial changes which he recorded were always observed. The 
product had about the same rotatory power as the supposed bromodiketonucidine hydrate 
perchlorate of Leuchs, but it was diketonucidine perchlorate and bromination had not 
occurred in the manner stated. Nevertheless diketonucidine does take up a molecular 
proportion of bromine and the solution then becomes neutral and bromination ceases ; 
diketonucidine perchlorate, on the other hand, does not react with bromine under the same 
conditions. 

The salt isolated by Leuchs gave analytical results (no bromine estimation) for a 
bromodiketonucidine hydrate perchlorate, and it crystallised in “‘ right-angled tablets.” 
We have not obtained this substance and we suggest it may have been an unstable N(a)Br 
derivative [because N(a)*CO is hydrolysed when a hydrate is formed] which slowly passes 
in aqueous solution into diketonucidine perchlorate and perhaps a bromate. It is possible 























[1939] 


that the specimen analysed by Leuchs was not the same as that used for the determination 
of rotatory power and that the latter was, as in our experiment, diketonucidine perchlorate. 
This salt crystallises in irregular hexagonal plates, prismatic needles, or prisms. 

Conceivably a small part of the base is oxidised or brominated by several molecules of 
bromine (or dehydrogenated and later combined with bromine, which is an equivalent 
process) and the hydrogen bromide so liberated stabilises the rest of the diketonucidine, 
which could then be isolated as the perchlorate. Such far-reaching bromination or oxid- 
ation might be anticipated in the case of a base which can form a dibromide and a per- 
bromide and contains so many alicyclic structures. 

Other explanations of the disappearance of a molecular proportion of bromine have not 
been excluded. Thus the formation of bromide and bromate is possible so long as the solu- 
tion has an alkaline reaction. In any case the experiment now provides no positive evidence 
bearing on the structural problem and the negative result, so far as it goes, supports the 
view that the 8-position of the dihydroindole nucleus is disubstituted. 

In addition to the bromination of diketonucidine, Leuchs (loc. cit.) has cited the nature 
of the transformation products of diketonucic acid hydrate, C,,H,,O,N, (Leuchs and Hoff- 
mann, Ber., 1929, 62, 1253; 1930, 63, 442), in support of the hypothesis that the 6-position 
of the indole nucleus bears a hydrogen atom. This is obtained from Hanssen’s acid, 
CigH.O,N, (Hanssen, Ber., 1887, 20, 451; H. Leuchs, Mildbrand, and W. R. Leuchs, 
Ber., 1922, 55, 2403), by permanganate oxidation to C,,H,,O,N, (‘C:CH°CO,H —> 
:CO + C,H,0,), followed by the action of bromine in hydrobromic acid, which by lact- 
amisation and oxidation affords an aldehydo-acid, C,,H,)O,N,. The oxidation to a 
dicarboxylic acid; C,,H,,O,Ng, is effected by means of mercuric oxide. The order of these 
stages can be varied and C,,H,,0,N, may be treated successively with bromine, mercuric 
oxide and permanganate. 

Furthermore, C,,H,,0,N, is Wieland’s acid obtainable directly from brucine by oxid- 
ation with chromic acid (Wieland and Miinster, Annalen, 1939, 469, 216). This acid isa 
ketonic dicarboxylic acid and if the action of bromine involves opening of a double bond 
(O°*CH,*CH:C: —> -O°CH,°CHO CO°) it should produce a diketo-aldehydo-acid (one carb- 
oxyl lactamising). Only two carbonyl groups can be diagnosed and the second carbonyl 
group, apparently produced in this fission of bromine in all similar reactions, is inert 
towards semicarbazide. On the basis of the above hypothesis (cf. Bakerian Lecture, Joc. 
cit.) this is a curious circumstance, because the inactive carbonyl would have the same 
situation as the active keto-carbonyl of strychninonic acid. The latter may, it is true, 
be activated by its inclusion in the system N(b)*CO-CO. N(b)-CH, is not oxidised to N(b)*CO 
in the bromine fission, because it is apparent from the isolation of many of the products 
as hydrobromides that N(b) retains its basic character. It may be that this view of the 
bromine fission at the double bond is incorrect, and that the oxidation occurs at the ether 
linkage, accompanied by addition of the elements of water to the double bond, possibly 
in the eo-position. 

The point made by Leuchs is that C,,H,,O,N, is reducible to C,,H,,0,N, in which a 
keto-group cannot be recognised (presumably ‘;CO —-> -CH-OH) and which, when heated 
with hydrobromic acid, affords an unsaturated acid, C,,H,,O,N,. Itis suggested by Leuchs 
that the reaction proves the occurrence of hydrogen in the 8-position of the indole structure 
(position 4 of nucine), because the double bond must be located between carbon atoms 3 
and 4 of nucine. The unsaturated acid has not been submitted to further close study and, 
in view of the possibility of intramolecular migration and the many dubieties, its formation 
is susceptible of alternative explanations. The formulation of the curious yellow dian- 
hydride of C,,H,,0,N, prepared by Leuchs is difficult on the basis of the straightforward 
view of the constitution of the acid, and it seems that we are dealing with a degradation 
that presents its own problem. 

A further series relevant to the present discussion is that derived from the base 
C,,H90;N,Br,, which is a by-product of the action of bromine on cacotheline (Leuchs, 
Mildbrand, and Leuchs, Joc. cit.). We would suggest that this is 3 : 3-dibromo-2-hydroxy- 
nucine, [N(a) being numbered 1] or the ring-chain tautomeric aldehyde, but probably the 
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former in view of the ease with which chloral condenses with amides. The substance, 
C,,H,,0;N,, obtained from it by the action of barium hydroxide might be the related 
a-keto-aldehyde, but as it is neutral in reaction a carboxyl group is probably present and 
the most likely formulation is that of a 2-keto-3-hydroxynucine hydrate [-CBr,-CHO 
—»> -—CH(OH)-CO,H]. The amide ring opened might be either the pyrrolidine or piperi- 
done ring of a 2-ketonucine. The oxidation of C,,H,,0;N, to C,,H..0,N, (Wieland’s 
acid) then involves -CH(OH)- —» —-CO- and °N-CO: —>:NH -CO,H, a more natural 
view than that put forward by Leuchs and Hoffmann (Ber., 1930, 63, 439). 

The anhydride of the diacetyl derivative (Leuchs and Hoffmann, Ber., 1929, 62, 
2309) previously described as 2 : 3-diacetoxy-A*-nucenine is probably 2 : 3-diacetoxy-A?- 
nucenine. This again is a natural explanation invelving -CO*-NH CO,H-CH(OH) —~> 


—CO:N-C(OAc)—C(OAc). According to Leuchs the substance C,,H,,0;N, contains neither 
carbonyl nor carboxyl groups (Ber., 1929, 62, 1934), but the absence of the latter 
was inferred as the result of an experiment in which the hydrobromide of the substance was 
treated with boiling 10% methyl-alcoholic hydrogen chloride and the salt did not pass 
into solution. In an earlier paper the neutrality of C,,H,,O;N, was noted and it was 
pointed out that this suggests the presence of a carboxyl group. The anhydro-diacetyl 
derivative has an alkaline reaction. 

The reduction products of C,,H,,O,N,Br, offer no difficulties. One or two bromine 
atoms may be replaced by hydrogen; C,,H,,0,N, (2-hydroxynucine) may be oxidised 
to C,,H,.0,N,, which is the lactam of the acetic acid corresponding to Wieland’s acid 
(-CH,°CO,H instead of *CO-CO,H and -CO,H{-NH, —> —CO-NH). Clemmensen reduction 
of C,,H,,0,N,Br, gives C,,H ,0,N., which is nucine {(Leuchs and Hoffmann, loc. cit.). The 
constitutions mentioned above have already been propounded by Leuchs and Wegener 
(Ber., 1930, 63, 2216) for C,,H,,0,N,, C,7H,,0,N, and C,,H,,0,N,, but C,,H,.0,N,Br, 
has been regarded as 3 : 4-dibromo-2-hydroxynucine and C,,H,,0,;N, as the corresponding 
2:3:4-trihydroxynucine. The assumed neutralisation of the basic function of N(b) by 
three hydroxy] groups is not in accord with experience of other polyhydroxy-bases. Our 
new interpretations appear consistent with the facts, and do not require substitution of the 
4-position of nucine by bromine or hydroxyl. 

Finally the bromination of diketodihydronucidine is also mentioned by Leuchs (loc. 
cit.), but experimental details are not available. Under conditions similar to those used for 
the attempted bromination of diketonucidine we find that the unchanged base may be 
recovered as perchlorate. 

A large part of the perplexity and ambiguity in regard to the constitutions of the 
strychnos bases is thus resolved. There is no longer any sound objection to the structure 
(II) for strychnine and in spite of the supposed difficulty of the B-hydrogen this expression 
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has always seemed the most natural. In planning a synthetic investigation attention was 


focused on this formula and it has been given prominence over alternatives in various 
lectures (cf. XIX Earl Grey Memorial Lecture, King’s College, Newcastle-upon-Tyne, 


1937). 
The only part of the theory which is affected by the definite adoption of formula (II) 


for strychnine is that connected with the Hoffmann ring-fissions in derivatives of dihydro- 
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strychnidine-A. The formula (V) can now be allotted to the des-base-D (J., 1934, 581) 
and dihydrostrychnidine-D is either (ID) (printed on p. 1468, J., 1938) or, less probably 
a stereoisomeride of dihydrostrychnidine-A. 

The des-base, m. p. 143°, termed methylchanodihydroneostrychnidine, is probably (VI). 
The second stage of the Hoffmann process applied to (V) (Achmatowicz and Dybowski, J., 
1938, 1483) gives dimethyldesstrychnidine-D (VII), this substance having been recognised 
as containing a vinyl group. This des-base is not obtained from (VI). The structure of 
the des-base from (VI) not obtained from (V), namely, dimethyldesbisneostrychnidine 


(Achmatowicz, J., 1938, 1472), cannot yet be deduced, but it may correspond to one of the 
part formule (VIII). 


CHCH, -CH,CH:NMe, 
| \ sil aan Sn CH, CH 
Oe OO a 8 
N 2 Se ae 
WA 
ie e i A NZ wt, Nf On 
\ 4, Y CH, en A CH, 
H, O— bes WA J iy 
(VII.) (VIII.) 


The common des-base from (V) and (VI), termed dimethyldesneostrychnidine, is probably 
(IX). The positions available for the three double bonds of the isomeric des-azastrych- 
nidines are indicated in (X) and are a, 6,e; a,b,d; a,c,f; a,c, g. 














CH,—CH,:NMe, CH—=CH, 
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(IX.) CH, CH CH, buy CH X.) 
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EXPERIMENTAL. 





Strychnidine.—The previous descriptions of the preparation by Tafel’s method (cf. J., 1924, 
125, 1798; 1927, 1600) require supplement in a few details. The strychnine sulphate solution, 
made up as stated, was placed in the cathode chambers of six cells in series, and the temperature 
kept below 12° (not 18° as recorded). The crude mixture of bases was extracted with boiling 
alcohol (800 c.c.), and the residue crystallised from the same solvent (1500 c.c. in five portions). 
The yield was that formerly reported, and the strychnidine had m. p. 244—245°. 

Diketonucidine (Leuchs and Krohnke, Ber., 1930, 63, 1045; Leuchs and Schulte-Overberg, 
Ber., 1931, 64, 1007).—The base employed had m. p. 267—269° (clear liquid at 273°) and [«]?” 
“ 56- -2°/d. Leuchs and collaborators give | [a]i°+ 56°/d and [a]p+ 55°/d. The perchlorate 
crystallised in six-sided plates and had [a]? + 95°/d (Leuchs and Schulte-Overberg give [a]}* 
+94°/d). Leuchs and Kroéhnke’s statement that this salt crystallises in four-sided plates and 
prisms is of interest, because the brominated hydrate perchlorate was also stated to crystallise 
in right-angled tablets. We have not observed this habit of crystallisation. 

Action of Bromine on Diketonucidine.—The experiment was conducted as described by Leuchs 
(loc. cit.). A solution of diketonucidine (0-6 g.) in water (24 c.c.) was stirred at 5°, and 10 c.c. 
of bromine water (made from 12 c.c. of 0-4N and 24 c.c. of water) added at the rate of about 7 
drops ina minute. Yellow plates separated and later disappeared, giving a colourless solution 
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with a small amount of suspended solid. After the addition of 2 c.c. (20% excess over 1 mol.) 
more of the bromine water, a clear colourless solution resulted and this was concentrated at 
room temperature under diminished pressure to about 4 c.c. Aqueous perchloric acid (2 c.c. 
of 2N) was added and nodules began to separate in about an hour’s time. After 12 hours the 
salt was collected (0-45 g., and 0-25 g. more on further concentration). This material was found 
to be free from oxidising or ionisable bromine; it reacted with dilute sodium iodide and sul- 
phuric acid on gentle heating at the same slow rate as diketonucidine perchlorate. The salt 
was recrystallised four times by solution in water and concentration at room temperature. It 
then had [«],) + 97°/d (Found in material dried at room temperature over phosphoric oxide 
under 1 mm. pressure: C, 48-3; H, 5-6; Cl, 8-8; loss at 100°/1 mm., 4-0. C,,H,,0;N,,HCIO,, 
H,0O requires C, 48-8; H, 5-5; Cl, 8-5; H,O, 45%). 

This salt (0-2 g.) was dissolved in water (25 c.c.), and the solution rendered ammoniacal and 
extracted with chloroform. The residue from the separated and dried extract was crystallised 
from alcoholic solution by concentration at room temperature (0-12 g. of the base) (Found : 
C, 67-6; H, 6-5; Br, 0-0. Calc. for C,,H,,O,N, : C, 68-0; H, 6-7%). Material dried at 100°/10 
mm. had [«]?,°+ 57-3°/d in water. When diketonucidine perchlorate was treated with bromine 
under conditions similar to those used for the base, bromine was not absorbed and the unchanged 
salt was recovered. 

Dihydrostrychnidine-A.—Improved results were obtained when strychnidine (9-9 g.) was 
hydrogenated in acetic acid solution (50 c.c., distilled over potassium permanganate) at 
17°/762 mm. in the presence of Adams’s platinic oxide catalyst (0-1 g.). Hydrogen (830 c.c.; 
theoretical, 822 c.c.) was absorbed in 6 hours. The product (9-2 g.) had m. p. 208—209° after 
one crystallisation, m. p. 213—215° and 215—216° after two and three crystallisations. 

Diketodihydronucidine was obtained by the method of Leuchs and Kréhnke (Joc. cit.) in 

12-6% yield and had the recorded properties. The base (0-45 g.), dissolved in water (18 c.c.) 
at 5°, was treated with bromine water (9-0 c.c. of 0-4N) as in the previously described experiment. 
A considerable yellow flocculent precipitate made its appearance and later passed very slowly 
into a colourless solution. After 7-5 c.c. of the bromine water had been added, the solution was 
neutral and when the rest was added the yellow colour of the bromine was persistent. The 
solution was concentrated at room temperature in a vacuum to 3 c.c. and mixed with perchloric 
acid (1-5 c.c. of 2n). The perchlorate slowly separated as pinkish crystals, and was recrystal- 
lised in the same manner, being obtained as thin plates having [a]?” + 135-4°/d (Leuchs and 
Kroéhnke, loc. cit., give [«]}®* + 136°/d for diketodihydronucidine perchlorate). The yield after 
two crystallisations was 0-32 g. exclusive of further material obtained from the mother-liquors 
(Found: Cl, 9-0. C,,H,,0O,N,,HCIO, requires Cl, 8-8%). Estimation of carbon and hydrogen 
failed as the result of explosive decomposition ; the salt was not analysed by Leuchs and Kroéhnke. 


Grateful acknowledgment is made of the award of a Parker Travelling Fellowship of Har- 
vard University to one of us. All the micro-analyses were carried out by Drs. Weiler and Strauss 


of Oxford. 
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138. 3-Nitro- and 3-Amino-4-hydroxybenzenesulphonamide. 
By WiLi1AM O. KERMACK, WALTER T. SPRAGG, and WALTER TEBRICH. 


Nitration of 4-hydroxybenzenesulphonamide yields a mononitro-derivative, 
from which the corresponding amino-derivative is obtained on reduction. That these 
substituents are in the 3-position is shown by the formation of the same nitrohydroxy- 
benzenesulphonamide from 3-nitro-4-aminobenzenesulphonamide by treatment of the 
latter with boiling sodium hydroxide solution, which readily brings about the replace- 


ment of the amino-group by hydroxyl. 


In order that their chemotherapeutic activities might be investigated (cf. McLeod, 
Biochem. J., 1938, 32, 1770), it became necessary to synthesise 3-mitro- and 3-amino-4- 
hydroxybenzenesulphonamide. By suitable application of the diazo-reaction, 4-amino- 
benzenesulphonamide was converted in good yield into 4-hydroxybenzenesulphonamide, 
which on nitration gave a mononitro-derivative. The structure of the nitro-compound 
was proved by synthesis. -Acetamidobenzenesulphonyl chloride was nitrated to yield 
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the 3-nitro-derivative, which readily reacted with aqueous ammonia to form 3-niiro-4- 
acetamidobenzenesulphonamide. Hydrolysis of this with hydrochloric acid gave 3-nitro- 
4-aminobenzenesulphonamide, m. p. 207°, already synthesised by Fischer (Ber., 1891, 
24, 3785). This observation confirms that the nitration of p-acetamidobenzenesulphon- 
amide does effect substitution in the 3-position, and also that the melting point, 207°, 
given by Fischer for 3-nitro-4-aminobenzenesulphonamide is the correct one and not the 
much lower one of 155° recorded by Goslich (Annalen, 1876, 180, 104). Replacement 
of the amino-group in this compound by hydroxyl could not be effected by diazotisation 
and heating, but was achieved by boiling sodium hydroxide solution; on acidification, 
3-nitro-4-hydroxybenzenesulphonamide separated, identical with the nitro-compound 
prepared as described above. 


EXPERIMENTAL. 


p-Hydroxybenzenesulphonamide.—A solution of p-aminobenzenesulphonamide (34-5 g.) in 
a warm mixture of concentrated sulphuric acid (36 c.c.) and water (600 c.c.) was stirred and 
cooled to — 5°, and diazotised (sodium nitrite, 14 g., in water, 30 c.c.). The orange solution 
was warmed at 70—80° for 1—2 hours, filtered, heated to boiling, and exactly neutralised with 
a hot solution of barium hydroxide (about 200 g.) in water (500 c.c.). After cooling, the barium 
sulphate was removed, and the filtrate evaporated to about 50 c.c.; 22g. of a mixture of p- 
hydroxybenzenesulphonamide and its sodium salt slowly crystallised. Recrystallised from dilute 
acetic acid, p-hydroxybenzenesulphonamide separated in almost colourless, rhombic plates, 
m. p. 178°, soluble in water and alcohol, slightly soluble in benzene, and insoluble in ligroin. 
The sodium salt crystallised from alcohol—water in clusters of colourless needles, m. p. 276° 
(Found: N, 5-9. C,H,O,NSNa,2H,O requires N, 6-0%). 

3-Nitro-4-hydroxybenzenesulphonamide.—To a stirred solution of ~-hydroxybenzenesulphon- 
amide (10-4 g.) in concentrated sulphuric acid (65 c.c.) at — 5°, a mixture of nitric acid (4-2 c.c., 
d 1-42) and sulphuric acid (4-5 c.c.) was added so that the temperature did not rise above 0°. 
After standing at room temperature for 1 hour, the solution was poured onice. The precipitate 
was washed with water, dried on the water-bath (yield, 12-0 g.) and recrystallised from much 
hot alcohol, 3-nitro-4-hydroxybenzenesulphonamide separating in long, yellow, rectangular 
plates, m. p. 210° (Found: N, 12-6. C,H,O;N,S requires N, 12-8%), which gave a red-brown 
colour with alcoholic ferric chloride. 

The sodium salt formed orange rectangular plates, exploding at 330°, insoluble in alcohol and 
moderately soluble in water. The sparingly soluble lead salt crystallised from water in orange 
needles. 

3-A mino-4-hydroxybenzenesulphonamide.—To a solution of 3-nitro-4-hydroxybenzenesulphon- 
amide (2-2 g.) in N-sodium hydroxide (30 c.c.), sodium hyposulphite was added slowly in about 
0-2 g. lots, with addition of sodium hydroxide from time to time. When reduction was com- 
plete, the reaction was adjusted to about neutral, and the mixture kept. Small plates crystal- 
lised; recrystallised from alcohol, white plates, m. p. 202°, of 3-amino-4-hydroxybenzenesulphon- 
amide were obtained (Found: N, 14:7. C,H,O,N,S requires N, 14-9%). These were in- 
soluble in water, soluble in alcohol, and gradually darkened in the air. 

3-Nitro-4-acetamidobenzenesulphonyl | Chloride.—p-Acetamidobenzenesulphonyl _ chloride 
(23-3 g.), dissolved in sulphuric acid (120 c.c.), was nitrated with a mixture of nitric acid (9 c.c., 
d 1-42) and sulphuric acid (10 c.c.) at 4—6°. After 1 hour the mixture was poured on ice. The 
yellow plastic product solidified overnight in contact with water. After being washed and 
dried, it was dissolved in boiling benzene. On cooling, p-acetamidobenzenesulphonyl chloride 
separated. From the mother-liquor, after concentration, 3-nitro-4-acetamidobenzenesulphonyl 
chloride was obtained; it formed very pale yellow needles, m. p. 104°, from ligroin (Found : 
N, 10-4. C,H,O,N,CIS requires N, 10-1%). It was soluble in alcohol, ether, acetone and 

benzene and dissolved in dilute sodium hydroxide solution with an orange colour. 
3-Nitro-4-acetamidobenzenesulphonamide.—3-Nitro-4-acetamidobenzenesulphonyl __ chloride 
(1 g.) was stirred with aqueous ammonia (10 c.c., d 0-94), the mixture being warmed by the heat 
of the hand until reaction set in. The product was filtered off, washed with water, and dried 
on the water-bath. Yield 0-8 g., m. p. 186° (Found: N, 16-0. C,H,O,N;,S requires N, 16-2%). 
3-Nitro-4-acetamidobenzenesulphonamide crystallised from 70% alcohol in fine yellow needles, 
insoluble in ether and benzene, soluble in alcohol, acetone, and dilute sodium hydroxide solution. 
3-Nitro-4-aminobenzenesulphonamide.—The acetyl compound (0-8 g.) was warmed with 
hydrochloric acid (1 c.c., d 1-08) on the water-bath. Solution gradually took place, and rect- 
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angular yellow crystals began to separate from the hot solution; yield, 0-6 g., m. p. 207° (Found : 
N, 19-1. Calc. for C,H,O,N,;S: N, 19-35%). 

Conversion of 3-Nitro-4-aminobenzenesulphonamide into 3-Nitro-4-hydroxybenzenesulphon- 
amide.—The amino-compound (0-5 g.) was added in small portions to a boiling 10% solution 
of sodium hydroxide (5 c.c.). There was an immediate copious evolution of ammonia. 
After 20 minutes the dark red solution was cooled and neutralised with 10% hydrochloric 
acid. A golden-yellow precipitate was obtained, which crystallised from hot alcohol in 
rectangular plates, m. p. 210°, not depressed by 3-nitro-4-hydroxybenzenesulphonamide pre- 
pared from ~-hydroxybenzenesulphonamide, but lowered by 10° by 3-nitro-4-aminobenzene- 


sulphonamide (m. p. 206°). 
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139. The Synthesis of Ditertiary Arsines. meso- and Racemic 
Forms of Bis-4-covalent-arsenic Compounds. 


By JosepH CHATT and FREDERICK G. MANN. 


Ditertiary arsines, in which the arsenic atoms are separated by only two carbon 
atoms, have been synthesised by two methods. In the first, o-aminophenylarsonic 
acid is converted into arsines of general formula o-C,H,(AsR,),, and in the second, 
phenylarsonic acid is converted into arsines of formula C,H,(AsPhR),, R representing 
alkyl or aryl groups. The bis(arsonium picrate) C,H,[AsMeBuPh-O-C,H,(NO,),], 
has been isolated in two forms, the « of m. p. 113—115° and the 8 of m. p. 139-5—140-5°. 


The bis(arsine sulphide), C,H,(BuPhAs-S),, has also been obtained in two forms, « 
m. p. 113—116°, 8 m. p. 121°; the a- is transformed into the 8-form by heating alone 
or in organic solvents. Since both the above compounds contain two asymmetric 
4-covalent arsenic atoms, one form in each case must be the meso- and the other the 


externally compensated isomeride. 


For the investigation of a problem concerning the structure of bridged metallic compounds, 
ditertiary phosphines or arsines having the phosphorus or arsenic atoms separated by only 
two carbon atoms were required. Such compounds had apparently not been prepared 
and the difficulties in synthesising the phosphines were so great that we confined our 
attention to the arsines, for which two methods of preparation were worked out. 

Kalb (Annalen, 1921, 423, 74) prepared o-phenylenediarsonic acid (I) from o-amino- 
phenylarsonic acid, and then, by the action of hydrochloric acid and sulphur dioxide, 
reduced the diarsonic acid to the cyclic diarsine oxychloride (II), but he could not convert 
this into the tetrachloride (III). We find, however, that the tetrachloride can be readily 


Cl 
AsO(OH), AsCl —AsMe 
COAG Or) ; @:-: Cae 
(I.) | (II.) (III.) (IV.) 


prepared by the action of warm thionyl chloride, and subsequently precipitated from the 
reaction mixture with cyclohexane (strong heating with thionyl chloride causes rapid 
decomposition of the tetrachloride). The tetrachloride is extremely reactive, and on 
exposure to damp air soon evolves hydrogen chloride. When it is treated with excess of 
a Grignard reagent, the corresponding ditertiary arsine is readily obtained. In this way 
o-phenylenebis(dimethylarsine) (IV) and o-phenylenebis(di-n-butylarsine) have been prepared. 
These tetra-alkyl diarsines are liquid at room temperature: the former has a pronounced 
odour, but the latter is almost odourless. The bis(dimethylarsine) is readily oxidised on 
exposure to the air, but the butyl compound undergoes very little atmospheric oxidation 
even on long standing, and does not combine with sulphur even in boiling carbon disulphide 
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solution. m-Phenylenebis(dimethylarsine) has been similarly prepared from m-phenylene- 
bis(dichlorarsine) by Steinkopf, Schmidt, and Penz (J. pr. Chem., 1934, 141, 301). 

Similar ditertiary arsines, in which the arsenic atoms are separated by the two carbon 
atoms of an aliphatic group, were also required. Quick and Adams (J. Amer. Chem. Soc., 
1922, 44, 805) found that ethylene dibromide, when boiled with phenyldichloroarsine and 
aqueous sodium hydroxide, gave ethylenebis(phenylarsonic acid) (V); this was obtained 
as an oil, and only after tedious purification was the crystalline arsonic acid isolated. 
By modifying the conditions of this reaction, we readily obtained the solid acid (V) in good 
yield. When an ice-cold solution of the arsonic acid in dilute hydrochloric acid containing 
a trace of potassium iodide is treated with sulphur dioxide, ethylene-«B-bis(phenylchloro- 


CH,*AsPhO(OH) CH,°AsPhCl H,°AsPhBu 
CH,*AsPhO(OH) CH,*AsPhCl CH,°AsPhBu 
(V.) “(vI) (VIL) 


arsine) (VI) results. This compound is remarkably inert, compared with the tetrachloride 
(III) : it is not appreciably hydrolysed by damp air, it can be recrystallised unchanged 
from hot alcohol, and when heated with aqueous sodium hydroxide it melts at first without 
decomposition and then only slowly undergoes hydrolysis. Hot hydrochloric acid, how- 
ever, causes decomposition and formation of phenyldichloroarsine. When the dichloride 
(VI) is treated with excess of phenylmagnesium bromide, the crystalline ethylene-«B- 
bis(diphenylarsine), C,H,(AsPhg),, results. This general synthesis differs from that of 
the o-phenylene series, however, in that diarsines having asymmetric arsenic atoms can 
also be obtained, and the use, e.g., of m-butylmagnesium bromide gives the liquid ethylene- 
a8-bis(phenyl-n-butylarsine) (VII). Both these diarsines show the same comparative 
inertness towards addition of oxygen and sulphur as the o-phenylenebis(di-n-butylarsine) 
of type (IV). 

The compound (VII) combines readily with methyl iodide to give the dimethiodide 
C,H,(AsMeBuPhI),, containing two similar asymmetric 4-covalent arsenic atoms. The 
extreme difficulty experienced in crystallising this compound indicated the probable 
presence of both meso- and racemic forms. It was therefore converted into the corre- 
sponding ethylene-«8-bis(phenylmethyl-n-butylarsonium picrate) (VIII); this crystallised 
readily from alcohol, and repeated recrystallisation separated it into two isomeric forms, 
the more soluble a-form having m. p. 113—115°, and the §-form having m. p. 139-5— 
140-5°, a mixture of the two forms having m. p. 114—123°. No interconversion of the 
two forms in boiling alcoholic solution was detected. It is clear, therefore, that these 


H,-AsMeBuPh t 
— H,-AsBuPh 
(VIII.) I {0-C,H,(NO,)3} CH, (IX.) 
H,-AsMeBuPh pe yee age 
S 


compounds must represent meso- and racemic isomerides, and that one of them should 
therefore be resolvable into optically active forms. No attempt to do so has been made in 
view of the great difficulty of resolving dissymmetric arsonium salts and the comparative 
inaccessibility of the two pure picrates. 

When 2 mols. of bromine were added to ethylenebis(phenyl-n-butylarsine), and the 
resulting bis(arsine dibromide) was treated with sodium sulphide or hydrogen sulphide, 
ethylene-«B-bis(phenyl-n-butylarsine sulphide) (IX) was obtained. Recrystallisation of 
this compound in turn from cyclohexane and ether separated it into isomeric a- and B- 
sulphides, m. p. 113—116° and 121° respectively; a mixture of the two forms had m. p. 

95—103°. It follows, again, that one of these forms must 

CPh,*P(OEt)-O-(OEt)P-CPhs te the meso- and the hee the racemic compound. The con- 
“y version of the «- into the @-sulphide which occurs when the 

(X.) a-sulphide is heated alone or in organic solvents illustrates 

the ready change of configuration which asymmetric 4- 

covalent arsenic atoms undergo. Both forms show an exceptional power of separating 
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from organic solutions with solvent of crystallisation. A similar example of meso- and 
racemic isomerides was obtained by Hatt (J., 1933, 776), who separated ethyl triphenyl- 
methylpyrophosphonate (X) into two forms, m. p. 222—223° and 228—231°. The 
higher-melting isomeride also showed a marked tendency to crystallise from organic 


solutions with solvent of crystallisation. 
EXPERIMENTAL. 


o-Phenylenediarsine Tetrachloride (I11).—Thiony] chloride (8 c.c., 1-75 mols.) was cautiously 
added with efficient cooling to the powdered oxychloride (II; 20 g.), and the mixture heated 
on the water-bath with frequent shaking for 20 mins. In these conditions the thionyl chloride 
does not boil; direct heating with a flame causes decomposition. cycloHexane (50 c.c.) was 
then added, and the mixture cooled in ice-water with stirring. The tetrachloride which 
separated was collected, washed with cyclohexane, and at once placed in a vacuum. This 
product (20 g.) was sufficiently pure for use in the next stage. A portion was, however, 
recrystallised from dioxan containing a small quantity of thionyl chloride: the heating was 
reduced to a minimum, and the temperature not allowed to rise above 60°. The éetrachloride 
with 2 mols. of dioxan of crystallisation separated as colourless plates, m. p. 76—86°; they 
were immediately placed in a vacuum (Found : C, 30-9; H, 3-8; Cl, 26-0. C,H,Cl,As,,2C,H,O, 
requires C, 30-9; H, 3-7; Cl, 26-1%). 

o-Phenylenebis(dimethylarsine) (IV).—The tetrachloride (III) (18 g.) was shaken with ether 
(100 c.c.) and the clear solution was decanted from a small residue and slowly added to a cooled 
(ice-water) stirred Grignard reagent prepared from methyl iodide (41-5 g.; 6 mols.), magnesium 
(7 g.; 6 atoms), and ether (150 c.c.) in an atmosphere of nitrogen, a vigorous reaction ensuing. 
Stirring was continued for 1 hour at room temperature and the product was then hydrolysed by 
a solution of ammonium chloride (60 g.) in water (200 c.c.) with continued ice-cooling. When 
the magnesium hydroxide had dissolved, the ethereal layer was collected and dried (sodium 
sulphate), and the solvent distilled; the residue was distilled under reduced pressure in a 
hydrogen atmosphere, the bis(dimethylarsine) being obtained as a colourless liquid, b. p. 156°/20 
mm. (Found: C, 41-8; H, 5-3. C,,H,,As, requires C, 41-9; H, 5-6%). Yield, 6g. 

o-Phenylenebis(di-n-butylarsine), similarly prepared, was obtained as a colourless liquid, b. p. 
245—247°/20 mm., 168—172°/0-05 mm. (Found: C, 58-6; H, 8-6. CygH As, requires C, 
58-1; H, 89%). The yield, 16 g., was much higher than that of the methyl arsine, owing 
presumably to the greater resistance to oxidation. 

Ethylene-af-bis(phenylarsonic acid) (V) was prepared by the following modification of Quick 
and Adams’s method (Joc. cit.). Phenyldichloroarsine (64 g., 2 mols.) and ethylene dibromide 
(27 g., 1 mol.) were in turn cautiously added to cold 10N-aqueous sodium hydroxide solution 
(120 c.c., 8 mols.) with vigorous stirring, and the mixture then boiled under reflux with continual 
stirring for 5 hours; at the end of each of the first two hours, more'dibromide (7 and 5 c.c. 
respectively) was added. The mixture was cooled, and concentrated hydrochloric acid added 
until the colour of phenolphthalein was completely discharged. Sodium halide and all the 
unchanged phenylarsenoxide separated from the solution, and were removed. Concentrated 
hydrochloric acid was then cautiously added to the well-stirred solution until the latter was 
just acid to Congo-red paper, all the bis(phenylarsonic acid) thus being precipitated as fine 
white crystals (22 g.): rapid addition or excess of hydrochloric acid gave a sticky product 
difficult to manipulate. A small quantity, recrystallised from 50% aqueous alcohol, had m. p. 
210—212°; Quick and Adams give 209—211° (Found : C, 42-6; H,3-9. Calc. for C,,H,,0,As, : 
C, 42:2; H, 40%). 

Ethylene-aB-bis(phenylichloroarsine) (V1).—Concentrated hydrochloric acid (360 c.c.) was 
added to a suspension of the powdered phenylarsonic acid (36 g.) in water (540 c.c.), the mixture 
thoroughly shaken, and water (720 c.c.) at once added, giving an almost clear solution. This 
was filtered, and the filtrate chilled in ice. Potassium iodide (1 g.) dissolved in water (10 c.c.) 
was added, and sulphur dioxide passed through the solution for 14 hours. The yellow oily 
product which separated finally became solid. After standing for 48 hours, the pale yellow crude 
chloroarsine (V1) was collected, washed with dilute hydrochloric acid, and dried (31 g.). This 
material after one recrystallisation from cyclohexane (charcoal) was sufficiently pure for use in 
the next stage; further recrystallifation gave the pure compound as a colourless solid, m. p. 

91—93° (Found: C, 41:3; H, 3-6. C,,H,,Cl,As, requires C, 41-7; H, 3-5%). 

Ethylene-af-bis(phenyliodoarsine).—A suspension of the powdered phenylarsonic acid (2 g.) 

in saturated aqueous potassium iodide (10 c.c.) was diluted with water (10 c.c.), followed by 
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concentrated hydrochloric acid (1 c.c.), cooled in ice, and then sulphur dioxide passed through 
until the solution was decolorised. More hydrochloric acid (1 c.c.) was added, and passage 
of gas continued until the solid product, detached from the walls of the vessel and broken up, 
gave an iodine-free powder. Hydrochloric acid (6 c.c.) was again added, and ultimately much 
fine sulphur was precipitated. The mixture of the iodoarsine and the sulphur was collected, 
dried, and the iodoarsine extracted with warm benzene. Evaporation of the latter gave an 
oil which ultimately solidified; it was recrystallised from cyclohexane, and the iodoarsine 
obtained as yellow crystals, m. p. 82° (Found: C, 28-2; H, 2-4. C,,H,,I,As, requires C, 
28-7; H, 2-4%). 

Ethylene-aB-bis(diphenylarsine).—A reaction occurs between the chloroarsine and ether at 
room temperature, giving a brown product, but not apparently at 0°: hence the use of the 
following benzene solution. A solution of the chloroarsine (20 g.) in benzene (120 c.c.) was 
added very slowly to a Grignard reagent prepared from magnesium (4-2 g.) and bromobenzene 
(27-6 g., 3-5 mols.) in ether (90 c.c.), the mixture being stirred and cooled throughout. It was 
kept for 15 minutes, boiled under reflux for 30 minutes, cooled, and hydrolysed with a solution 
of ammonium chloride (30 g.) in water (200 c.c.), followed by dilute hydrochloric acid (20 c.c.). 
The organic layer was collected and dried, and the solvent removed under reduced pressure 
below 100°; the warm liquid residue was poured into alcohol (100 c.c.) with stirring to precipitate 
the solid bis(diphenylarsine), which on recrystallisation from alcohol gave colourless crystals, 
m. p. 99—102° (Found : C, 64-5; H, 5-0. C,,H,,As, requires C, 64-2; H, 50%). Yield, 15g. 

Ethylene-aB-bis(phenyl-n-butylarsine) (VII).—Butyl bromide (24 g.) was substituted for 
bromobenzene in the above preparation. After hydrolysis, the dried organic layer was distilled 
as before, and the residue heated to 150° at 20 mm. pressure for 30 minutes. It was then finally 
distilled at greatly reduced pressure. The phenylbutylarsine was obtained as a colourless liquid, 
b. p. 184—188°/0-06 mm. (Found: C, 59-1; H, 6-9. C,,H;,As, requires C, 59-15; H, 7-2%). 
Yield 18 g. When distillation was attempted at 20 mm. pressure, decomposition of the arsine 
occurred at ca. 245°. 

a- and 8-Forms of Ethylene-uB-bis(phenylmethyl-n-butylarsonium picrate) (VIII).—When 
the compound (VII) (20 g.) and methyl iodide (103 g., 16 mols.) were mixed in a flask fitted with 
a reflux condenser, the mixture rapidly became warm, and later a cloudy emulsion was formed. 
After 1 hour, when a quantity of a red syrup had separated, more methyl iodide (103 g.) was 
added, and the mixture was boiled under reflux for 1 hour, and then transferred toa basin. When 
cold, the excess of methyl iodide was decanted, and the residual syrup placed in a vacuum 
until it formed a hard, dry, glassy mass. This crude bis(methiodide) became sticky in damp 
air, and could not be satisfactorily crystallised from any of the usual solvents. It was therefore 
dissolved in a warm mixture of alcohol (200 c.c.) and water (120 c.c.), and this was vigorously 
stirred while an excess of a saturated solution of sodium picrate in aqueous alcohol (1:1 by 
vol.) was slowly added. (To prevent the arsonium picrate separating first as an oil, it is 
advisable to perform the preparation in dilute solution on a test-tube scale to obtain the solid 
picrate, and then to seed the main mixture with this material as the sodium picrate is added.) 
The crude yellow picrate was then collected, washed with alcohol and much water, and dried. 
Yield, 40 g. (theoretical, 44 g.). 

The 8-picrate. Ethyl alcohol proved the most satisfactory solvent for the separation of the 
two picrates, but even in it the difference in solubility of the two isomerides was not large. 
The dry mixed picrates (40 g.) were extracted six times with boiling alcohol (500 c.c. each time). 
Each boiling extract was filtered, and successive crops of picrate were collected from the cold 
filtrates: the six crops had m. p.’s 110—115°, 110—116°, 110—118°, 108—118°, 110—123°, 
111—125°. The undissolved residue was then recrystallised from a large volume of alcohol, 
and a crop (8 g.) rich in the less soluble 8-picrate and of m. p. 131—135° thus obtained. This 
was extracted twice more with boiling alcohol, the extracts giving two crops of m. p.’s 124—132° 
and 128—137°, whereas the undissolved residue, again recrystallised from much alcohol, 
gave a fraction of m. p. 138—140°. The latter was finally extracted once more with boiling 
alcohol, the filtrate depositing a fraction of m. p. 135—139°, and the undissolved residue was 
then twice recrystallised from alcohol, the pure $-picrate being thus obtained as bright yellow 
crystals, m. p. 139-5—140-5° (Found : C, 46-2; H, 4:3; N, 9-4. C,,H;,As,,2C,H,O,N, requires 
C, 46-3; H, 4-5; N, 9-1%). 

The a-picrate. This was most satisfactorily isolated by uniting the crops which separated 
from the first four of the above extracts, boiling them with alcohol until only a small proportion 
remained undissolved, and then allowing the hot filtrate to cool spontaneously with stirring to 
40°, the picrate which had then crystallised being collected: cooling to room temperature 
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before filtration appeared to contaminate the product with traces of a more soluble impurity. 
The process was repeated with the fraction so obtained until yellow crystals of pure a-picraie, 
m. p. 113—115°, resulted (Found: C, 46-4; H, 4-2; N, 9-3%). A mixture of equal quantities 
of the «- and the 6-picrate had m. p. 114—123°. 

a- and B-Forms of Ethylene-aB-bis(phenyl-n-butylarsine sulphide) (IX).—The 8-sulphide. 
Bromine (3-6 g., 2 mols.) was cautiously added to a solution of ethylenebis(butylphenylarsine) 
(5 g.) in chloroform (100 c.c.). A few drops of water were added, and a stream of hydrogen 
sulphide, washed with water, was passed through the solution for 17 hours. (The presence of 
water appears to be essential to obtain a crude product rich in the 8-sulphide. If the reagents 
are carefully dried, the product is largely a-sulphide.) Spontaneous evaporation gave an oil 
which was contaminated with hydrogen bromide but rapidly solidified in a vacuum : if complete 
solidification did not occur, the reaction was incomplete, and the product was redissolved in 
chloroform and again treated with hydrogen sulphide. The solid was twice extracted with boiling 
cyclohexane (40 c.c.) and the undissolved residue then recrystallised from cyclohexane (charcoal), 
a product of m. p. 108—115°, consisting mainly of the cyclohexane addition derivative of 
the 6-sulphide, being thus obtained. This product was twice recrystallised from ether, and the 
white crystals were then heated in a vacuum at 110° for 30 mins. to remove ether of crystallisation : 
the pure 6-sulphide, m. p. 120-5—121-5°, was thus obtained (Found: C, 51-5; H, 6-2; M, 
ebullioscopic in 2-02% benzene solution, 512; in 2-06%, 485. C,,H 3,S,As, requires C, 51-7; 
H, 6-3%; M, 510). When the pure §-sulphide was recrystallised from cyclohexane, white crystals 
of the addition product were obtained (Found : C, 53-85; H, 6-9; S, 12-0. 3C,,H3.S,As,,C,H,, 
requires C, 53-5; H, 6-75; S, 119%); this was unaffected by prolonged exposure in a vacuum 
at room temperature; when slowly heated, however, it lost cyclohexane, and the pure 8-sulphide 
remaining had m. p. 120—121°, but the addition product melted immediately when plunged 
into a bath at 114°. When the partly purified product from the above preparation was 
repeatedly recrystallised from cyclohexane, instead of from ether, the same pure addition 
product was ultimately obtained; recrystallisation from ether gave, however, the most rapid 
purification. A small quantity of the more soluble «-sulphide was isolated from the first 
cyclohexane extraction liquor. 

The a-sulphide. A solution of the arsine (3 g.) in chloroform (45 c.c.) was treated as before 
with bromine (0-7 c.c.). A mixture of powdered sodium sulphide nonahydrate (4-8 g., 3 mols.) 
and alcohol (250 c.c.) was warmed until a cloudy solution was obtained, and hydrogen sulphide 
passed through until the temperature had fallen to 25°. The chloroform solution was then 
added, and the mixture kept for at least 3 hours. The filtered solution was concentrated at 15 
mm. pressure to about one-quarter of its original volume, and finally taken to dryness in a 
vacuum. The residue was extracted with cold water, dried, and then recrystallised from cyclo- 
hexane (charcoal), a product of m. p. 88—92° and consisting chiefly of the cyclohexane addition 
product of the «-sulphide being thus obtained. The isolation of the pure a-sulphide from this 
product was ‘difficult, owing to the conversion «->$ which occurs in hot solvents. It was finally 
achieved by rapidly extracting this product with insufficient hot cyclohexane to give a complete 
solution, and then at once cooling the filtrate. The crystals so obtained were then extracted 
with sufficient boiling petrol (b. p. 60—80°) to dissolve about half the material; the filtrate was 
again rapidly cooled, and the product which separated was then finally recrystallised from 
cyclohexane. White acicular crystals of the addition product of the pure a-sulphide and 
cyclohexane, m. p. 87—89°, were thus obtained (Found: C, 52-7; H, 6-5; S, 12-2. 
6C.,H 5.5,AS,,C,H,, requires C, 52-65; H, 6-5; S, 12-2%). 

This addition product was unaffected when heated at 60° in a stream of dry air at 15 mm. 
pressure for 6 hours (Found: C, 52-8; H, 6-6%). The cyclohexane was therefore removed by 
recrystallising the product from ether, the white needles so obtained being then heated at 75°/ 
15 mm. for 1 hour to eliminate ether of crystallisation ; the pure a-sulphide, m. p. 113—116°, was 
thus obtained (Found : C, 51-7; H, 6-45%; M, ebullioscopic in 0-834% benzene solution, 480. 
The a-sulphide was recovered unchanged from the benzene solution and hence no appreciable 
conversion into the 8-form had occurred during the determination). The pure 6-sulphide was 
also isolated in small yield from the cyclohexane residues from the above preparation. 

Success in isolating the pure «a-sulphide in the above preparation depends chiefly upon 
obtaining an initial product rich in the «-isomer, since if the B-form is present in appreciable 
quantities the separation of the a-sulphide becomes very difficult. It was found that if in the 
above preparation the alcoholic sodium sulphide solution was not saturated with hydrogen 
sulphide before use, a crude product containing an appreciably higher proportion of the 6- 
sulphide was obtained. 
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A mixture of approximately equal quantities of the pure «- and B-sulphides had m. p. 95— 
103°. The «- was more soluble than the §-sulphide in all the organic solvents investigated. 

Conversion of the a- into the B-sulphide. A sample of the pure «-sulphide was heated in a 
vacuum at 110° for 45 minutes, and then had m. p. 107—113°, owing to partial conversion into the 
B-sulphide. The latter was then isolated by recrystallising the mixture from ether and drying 
the product at 75°/15 mm. for 1 hour; an almost pure sample of the 6-sulphide, m. p. 119— 
120°, was thus obtained. A mixture of this sample with some pure a-sulphide had m. p. 95— 
108°. 

This thermal conversion of the a- into the B-sulphide at 110° may possibly occur to a slight 
extent during a determination of the m. p. of the former, and may account for the range of 3° 
in the m. p. of pure samples of the «-sulphide. 


The authors gratefully acknowledge grants provided by the Department of Scientific and 
Industrial Research and the Sir Richard Stapley Educational Trust. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, February 4th, 1939.] 





140. Higher Aliphatic Compounds. Part VII. The Binary Systems, 
Palmitamide—Stearamide, Palmitanilide—Stearanilide, and Methyl 
Palmitate—Methyl Stearate. Purification of Palmitic and Stearic 
Acids. 

By J. B. Guy and J. C. Smitu. 


Amides and anilides of palmitic and stearic acids give mixed melting-point curves 
similar to the palmitic acid-stearic acid curve but with less depression of melting 
point. An equimolecular compound is formed in each case. 

Methyl palmitate and stearate are polymorphous, yielding transparent (metastable) 
and opaque crystals; in mixtures the transparent form is stabilised. The binary 
system yields inconclusive evidence on the problem of compound formation between 
methyl esters raised by the X-ray measurements. 

The purification of palmitic and stearic acids is described, and the elimination of 
homologues has been carried further than previously recorded. 


THE survey of the binary systems of derivatives of hexa-, hepta-, and octa-decane is now 
extended to the amides, anilides, and methyl esters of the acids. Amides and anilides 
yield systems similar to those of the acids (see Part VI, J., 1936, 625), eutectic systems of 
ae solid solutions, 1 : 1 compounds being indicated by non-congruent 
R ore points. Anilides are known to be associated in —_ 
O-+>H-N (Auwers, Z. physikal. Chem., 1897, 23, 454) and can be represente 
R-CKN-H<07© kt by a formula (I) similar to that proposed by Sidgwick (Ann. 
R’ (1) Reports, 1933, 80, 115) for the carboxylic acids. (Rodebush and 
; Buswell, J. Physical Chem., 1939, 48, 219, regard‘amides as chain- 
like polymerides.) When two substances exist as double molecules, A—A and B—B 
respectively, 50/50 mixtures of them should yield some of the compond A—B. 

The depressions of melting point in the amide and the anilide systems are smaller than 
in the acid system, and the melting points of homologous amides lie closely together. 
Consequently neither the amide nor the anilide is a very suitable derivative for identifica- 
tion of a long-chain acid. Anilides, probably because of their less compact structure, are 
lower-melting than the corresponding amides. 

Special interest attaches to the methyl esters since it has been inferred from the X-ray 
measurements (Malkin, J., 1931, 2796) that methyl palmitate and stearate crystallise in 
double molecules; the difference from the ethyl esters, which certainly crystallise in single 
molecules, is thought to be due to the greater affinity of the carbomethoxy-group. Actually, 
the X-ray measurements quoted (the d, spacings) merely give the length of the repeating 
units, and afford no information about the arrangement of the carbomethoxy-groups in 
space. It may be that the symmetry of the molecule requires an arrangement with the 
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carbomethoxy-groups adjacent, but on the other hand, the recorded cases of double 
molecules are of substances with fairly reactive end groups: CO,H, CO,Me (but not CO,Et), 
COMe (but not COEt), I, CH,-OH, CH,Ph; this seems to indicate that chemical affinity is 
involved, and makes the methy]l esters an interesting test case. 

Examination of the binary system methyl palmitate-methyl stearate, which might be 
expected to show the presence of double molecules as with acids and amides, has not given 
a really satisfactory answer. These esters, like nearly all other long-chain compounds, 
are polymorphous, but they differ from the acids, amides, and anilides in that the opaque 
form becomes metastable near the middle of the system. Ifa compound existed it would 
more likely be manifested in the opaque crystals than in the transparent ones, which prob- 
ably have rotational freedom. (It is assumed from the similarity of appearance of the 
transparent forms to those of the ethyl esters and the paraffins, and also from their high 
rate of crystallisation, that they have “ vertical” rotating chains; see Aun. Reports, 
1938, 35, 254.) The only evidence of compound formation between the methyl esters came 
from a series of points obtained in a preliminary examination of the system with slightly 
impure esters; these points seemed to indicate a 1 : 1 compound, but the observations could 
not be repeated. When pure esters were used only the transparent crystals could 
be obtained (near the middle of the system); the melting-point curve then showed a dis- 
continuity between 50 and 60% of methyl stearate, owing probably to a slight change in 
the crystal lattice. The greater stability ot the transparent form seems itself to be evidence 
of the weakness of any tendency to form double molecules, and this view is supported by 
the fact that molecular weights of methyl esters in solution are normal. 

More light might be thrown on the problem by a redetermination of the X-ray data of 
films of the pure esters (opaque forms) and also of mixtures (both transparent and opaque 
forms), but for the solution of this problem and many similar ones detailed analysis of single 
crystals would seem to be necessary. 


EXPERIMENTAL. 


= 

Purification of Materials —Palmitic acid. The final stage of the purification of palmitic 
acid involves the elimination of small amounts of stearic acid with which it forms solid solutions. 
A gradual approach to a maximum f. p. would be expected rather than the attainment of con- 
stant f. p. after 13 crystallisations previously observed (Part I; J., 1931, 802). In the present 
investigation, palmitic acid was crystallised 22 times and three solvents were used; the product 
was distilled after each 4—6 crystallisations ; cooling of the solution was slow (at least 6 hours) 
with frequent agitation. 

Palmitic acid (50 g., f. p. 61-0°, m. p. 61-8°, thermometer in the liquid), after 4 crystallisations 
from ethyl alcohol (250—200 c.c. each time), followed by distillation at 0-2 mm., melted at 62-4° 
(28 g.); after 4 crystallisations from benzene (200—150 c.c. each time) this gave 17 g., m. p. 
62-58°. After 6 more crystallisations from benzene there remained 6-7 g., m. p. 62-70°, and a 
further 3 crystallisations from benzene gave 4-0 g., m. p. 62-74°. Three crystallisations from 
acetone gave 2-1 g., m. p. 62-76°, and finally, two crystallisations from acetone left 0-8 g., m. p. 
62-76°, f. p. 62-74°. In Part I (loc. cit.) the specimen had f. p. 62-66°; de Visser (Rec. Trav. chim., 
1898, 17, 182) gave 62-62°; Francis, Collins, and Piper (Proc. Roy. Soc., 1937, A, 158, 707) gave 
f. p. 62-53°; 1% of stearic acid would lower the m. p. by 0-36° (de Visser, Joc. cit.). 

Stearic acid. The “‘ purest ” commercial acid (50 g., f. p. 67-7°, m. p. 68-4°, thermometer in 
the liquid) after 6 crystallisations from alcohol, followed by 4 from benzene, gave 13°g., m. p. 
69-40°; after 4 more crystallisations from benzene there remained 9 g., m. p. 69-47°, and another 
4 crystallisations gave 5-2 g., m. p. 69-56°. Two further crystallisations from benzene failed to 
raise the m. p., but 2 crystallisations from acetone gave 2-9 g., m. p. 69-61°, and finally, 2 more 
crystallisations from acetone gave 1-9 g., m. p. 69-62°, f. p. 69-60°. The specimen described in 
Part I (loc. cit.) had m. p. 69-41°; de Visser (loc. cit.) gave 69-32°; Francis, Collins, and Piper 
(loc. cit.), who purified the acid through the ethyl ester, gave 69-32°. The presence of 1% 
of palmitic acid would lower the m. p. by 0-24° (de Visser, loc. cit.). Thus, after 24 crystallisa- 
tions and 3 distillations the stearic acid seems to have reached a fairly high degree of purity, as is 
indicated by the changes of m. p., but it is quite probable that an improved technique or work 
on a larger scale would yield still higher-melting specimens of stearic and palmitic acids. 

Palmitamide. Palmitic acid (m. p. 62-6°) via the acid chloride gave palmitamide, which, 
after 2 crystallisations from alcohol and 1 from benzene, followed by distillation at 0-2 mm., 
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melted at 105-3° (m. p. in a capillary tube, 105—106°, uncorr.). A second preparation had the 
same m.p. Krafft and Stauffer (Ber., 1882, 15, 1728) gave m. p. 106—107°. 

Stearamide. Stearic acid (m. p. 69-4”) gave the amide, m. p. 107-3°; after 2 crystallisations 
from benzene and 1 from alcohol, followed by distillation, the substance melted at 108-4° 
(capillary tube, m. p. 108—109°, uncorr.). Krafft and Stauffer (loc. cit.) gave m. p. 108-5—109°. 

Palmitanilide. Palmitic acid (m. p. 62-53°) was converted into the acid chloride, which was 
added to ice-cold aniline (f. p. — 6-3°). The product, crystallised from benzene and then twice 
from alcohol and distilled, melted at 90-6° (capillary tube, 91°). Helland Jordanoff (Ber., 1891, 
24, 943) give 90-5°. 





Methy! palmitate — 
Falmitamide — Stearamide Methy! stearate 


Palmitanilide - 
Stearanilide 








+ 





+ a 


0.2 4 00 BO 
Mo/s.,%o, of second constituent. 
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2. 40 6 BO ” 
Mols., %o,0f second constituent. 


Stearanilide.. Prepared from stearic acid, m. p. 69-4°, this was crystallised from benzene and 
then twice fromalcohol. After distillation it melted at 95-05° (capillary tube, 95-5°). Robertson 
(J., 1919, 115, 1210) gives m. p. 94°. 


Stear- Stear- Stear- Stear- 
amide, amide, amide, amide, 
M.p. mols.%. M.p. mols.%. M.p. mols.%. M.p. mols. %. 
108-4° 71-6 102-6° 56-2 101-05° 40-3 100-15° 
108-0 70-1 52-0 101-0 37-45 . 
107-45 66-9 : 48:35 100-8 34-6 
107-15 63-9 : 46:1 100-6 31-75 
103-6 60-0 . 43-1 100-4 26-4 
102-8 


Stear- Stear- 
anilide, anilide, 
M. p. mols.%. M.p. mols.%. M.p. 
95-05° 58-15 , 48-0 86-45° 
93-9 55-0 , 46-3 86-4 
, 91-95 52-1 , 44-8 86-4 
72-25 89-5 49-3 ° 41-0 86-15 


Mixtures of the two amides or of the two anilides crystallised readily and gave sharp 
throughout the systems. 
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Methyl palmitate. Palmitic acid (m. p. 62-6°) and pure methyl alcohol gave the methy] ester, 
which, once crystallised from methyl alcohol, melted at 29-35° (clearing point, thermometer in 
the liquid); after distillation and 3 crystallisations from methyl alcohol, it melted at 29-55° 
(f. p. 29-35°; m. p. in a capillary tube, 29-5—30-5°). The pure ester easily supercools by 1° 
and the temperature rises rather slowly after crystallisation has begun. When the tube is 
placed in the Beckmann apparatus with the bath temperature 1—2° above that of the melt, 
there is a gradual rise of temperature as the opaque solid disappears, but the final clearing point 
is fairly sharp (29-55°). This behaviour is similar to that of ethyl stearate (Part I, loc. cit.) and 
indicates a polymorphic change near them. p. The binary system with methyl stearate reveals 
the existence of a transparent form of f. p. 22° (by extrapolation), but it is doubtful whether the 
existence of this form can explain the behaviour of the ester near 29°. Phillips and Mumford 
(J., 1934, 1662) quote Watts’s “‘ Dictionary of Chemistry,” vol. IV, p. 385, as stating that 
methyl palmitate solidifies at 22° and melts at 28° (capillary tube); these would be the values 
for a specimen of about 90% purity. King and Garner (J., 1936, 1372) give f. p. 29-05°; Adam 
(Proc. Roy. Soc., 1922, A, 101, 516) gives m. p. 30°. - 

Methyl stearate. Stearic acid (m. p. 69-45°) and pure methyl alcohol yielded the ester, which, 
after crystallisation from methyl alcohol, melted at 37-7°. After distillation and 3 more 
crystallisations from methyl alcohol, the ester had clearing point 38-25°, f. p. 37-83°, and m. p. 
in a capillary tube 38-5—40°. King and Garner (loc. cit.) give f. p. 37-78°; Whitby (J., 1926, 
1458) gives m. p. 38-8° (capillary tube). As with methyl palmitate, the liquid supercools 
readily and the almost transparent crystals formed at about 36-8° change at 37-5° into a fine, 
opaque form; on heating, there is a gradual rise of temperature, but a sharp clearing point at 
38-25°. Extrapolation of the curve in the binary system indicates a transparent form of m. p. 
approx. 34—35°. 

Mixtures of Methyl Palmitate and Methyl Stearate—Near the extreme compositions, the mix- 
tures crystallise first in transparent plates which soon become opaque; as the rise to the freezing 
point is slow, it is more convenient to determine clearing points than f. p.’s of the opaque 
form. Mixtures containing 25—90% of methyl palmitate crystallise in transparent needles or 
thin plates; there is little supercooling, and the f. p. is usually within 0-03° of them. p. When 
the transparent crystals are rubbed with the thermometer, they form bunches or lumps and may 
change into the opaque form, so giving twom. p.’s. Several attempts were made to map the 
section where the opaque form melts below the transparent, and with slightly impure esters 
(clearing points 29-3° and 37-9° respectively) the following points were obtained by rather rapid 
heating of the crystals : 

51-2 
27-9° 


47-8 
27-45° 


44-2 
26-85° 


40-95 
26-05° 


38-0 
25-9° 


34-7 
25-8° 


30-8 
25-5° 
59-65 
29-2° 

In the figure these points are marked as full black circles; and in the following table the 
m. p.’s of the transparent and of the opaque form are denoted by (i) and (ii) respectively. The 
thaw-point method of Rheinboldt and Kirscheisen (J. pr. Chem., 1926, 113, 348) was not suitable 
for investigating the mixtures. 


Methyl] M. p. 
stearate, -— . . 
mols. %. (i). (ii). 
—- 29-6° 
28-9 
28-0 


Methyl] stearate, mols. % 
M. 


M. p. 


A 


Methyl M. p. Methyl 

stearate, + * . stearate, - . 

mols. %. (i). (ii). mols. %. (i). (ii). 
34-8 26-25° —- 57-4 28-8—29-05° — 
38-5 26-7 62-25 29-3 32-4° 
40-2 27-0 67-0 30-0 33-25 











22-7°(?) 


27-25 


43-9 


27-4 73-0 


23-3 
23-75 
24-2 
24-7 
25-5 
25:9 


47-3 
49-4 
51-0 
52-8 
54-9 


14-65 
18-2 
21-8 
28-35 
32-0 


26-5 
* 25:8 


27°8 

28-0 
28-1—28-25 
28-3—28-55 
28-2—28-7 


30-55° 
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78-35 
85-4 
89-4 
96-3 
100 


30-8 
31-5(?) 


34:3 
35-3 
36-3 
36-85 
37-7 
38-25 
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141. Studies in Water-in-oil Emulsions. Part II. The Interfacial and 
Surface Activities of Magnesium and Calcium Oleates and the Réle 
played by these Soaps in the Stabilisation of Water-in-oil Emulsions. 


By RicHarp C. PINK. 


The effect of magnesium and calcium oleates on the interfacial tension between 
benzene and water has been measured by the drop-weight method. The marked 
lowering observed is an important factor in the stabilisation of water-in-oil emulsions. 
The effect of these soaps on the surface tensions of benzene and water has also been 
examined, 


It has been established that those oil-soluble soaps which are capable of acting as efficient 
stabilisers for oil-continuous emulsions are precipitated from their solutions in oils when 
a sufficient quantity of water has been added (Wellman and Tartar, J. Physical Chem., 
1930, 34, 379; Pink, J., 1938, 1252; this vol., p. 53). It is this precipitated soap which, 
by virtue of its ability to prevent coalescence of the water globules, acts as a stabiliser for 
water-in-oil emulsions. There is, however, a second factor of importance in the stabili- 
sation of oil-continuous emulsions with oil-soluble soaps. It is generally accepted that 
lowering of interfacial tension and emulsifying power are very closely related (Hillyer, 
J. Amer. Chem. Soc., 1903, 25, 513; White and Marden, J. Physical Chem., 1920, 34, 617), 
and it has been assumed that these soaps lower the oil—water interfacial tension in the same 
manner as the water-soluble soaps. This has not so far been shown experimentally. Mead 
and McCoy (‘‘ Colloid Symposium Monograph,” 1926, 4, 44) attempted to do so, but found 
it impracticable, as they were unable to obtain satisfactory solutions of their soaps in the 
oils which they used. 

Magnesium oleate has already been prepared in the anhydrous form by the author 
(loc. cit.), and the preparation of anhydrous calcium oleate is now described. The effect of 
these soaps on the benzene—water interfacial tension has been measured, and a study has 
also been made of their effect on the surface tensions of benzene and water. 


EXPERIMENTAL. 


Materials.—The oleic acid was obtained from Kahlbaum, and the other chemicals used were 
of “‘ AnalaR ’”’ standard. Benzene (thiophen-free) was rendered anhydrous by standing over 
sodium, and was redistilled immediately before use. All the water used was freshly distilled. 

The anhydrous magnesium oleate was prepared from the hydrated soap obtained by metathe- 
sis of sodium oleate with magnesium chloride by the method already described (Joc. cit.). It 
was recrystallised twice from dry benzene before use. No difficulty was found in preparing 20% 
solutions in benzene, and the soap showed no tendency to form gels even at this high concentra- 
tion. According to Mead and McCoy (loc. cit.), the magnesium oleate prepared by them solvated 
in oil at 100° to give a clear solution, but later attempts to dissolve it were unsuccessful. 

Preparation of calcium oleate. A solution of 50 g. of sodium oleate in 2 1. of water, prepared 
by neutralisation of 46-4 g. of oleic acid with the calculated amount of N-sodium hydroxide, was 
heated to 90°, and a solution of 25 g. of calcium chloride in 200 c.c. of water added drop-wise. 
The white precipitate obtained was filtered off, washed free from chloride, and dried in a desiccator 
over calcium chloride. On being heated at 105° in the air-oven for 45 mins., it was converted 
into a pale yellow, transparent solid [Found : loss, 2-90, 2-93, 2-89. Ca(C,,H;,0,),,H,O requires 
loss, 290%]. As with magnesium oleate, the calcium oleate obtained by metathesis is hydrated. 
Confirmation of this was obtained by ignition of the hydrated soap at a bright red heat for 30 
mins. [Found: CaO, 8-95, 8-98. Ca(C,,H,,0,),,H,O requires CaO, 9-03%]. The anhydrous 
soap was ignited under the same conditions [Found : CaO, 9-24, 9-28. Ca(C,,H;,0,), requires 
CaO, 9-30%]. It was subsequently found that a more satisfactory product was obtained if the 
hydrated soap was dried at 105° under reduced pressure. The anhydrous soap was recrystallised 
from dry benzene and stored in a vacuum desiccator. In contact with the air it was slowly 
converted into the hydrated form. 

An attempt was made to prepare anhydrous zinc oleate. The material obtained by metathe- 
sis of sodium oleate with zinc sulphate was a white powdery substance with a greasy feel. On 
being heated in the air-oven at 110° for 2 hours, it darkened and apparently suffered decompo- 
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sition. It was then heated in a vacuum over phosphoric oxide for 2 hours at 170°, but on cooling 
it melted unchanged at 65—67°, and was found to have undergone no appreciable loss in weight. 
Ignition at a red heat for 30 mins., however, indicated that the salt obtained may have con- 
tained water of hydration [Found: ZnO, 12-63, 12-65. Zn(C,,H3;0,)2,H,O requires ZnO, 
12-60%. Zn(C,,H;,0,), requires ZnO, 12-93%]. It should be noted, however, that analysis of 
the soap dried as far as possible is not by itself a satisfactory method for determining the residual 
water (Lawrence, Trans. Faraday Soc., 1938, 34, 660). 

As zinc oleate was found to be an indifferent emulsifier for benzene—water systems, no inter- 
facial measurements were made with it. 

Interfacial-tension Measurements.—The interfacial tensions between the benzene solutions 
and water were measured by the drop-weight method, a modified form of stalagmometer being 
used. This consisted essentially of a small pipette, the lower extremity of which was sealed to a 
capillary tube having a ground and polished end. Previous workers on interfacial tension with 
this apparatus have shown that the size of the drop depends largely on its time of formation. 
Tate (Phil. Mag., 1864, 27, 176) suggested 40 secs. for each drop-release as the minimum time 
necessary for equilibrium. Lewis (ibid., 1908, 15, 499; 1909, 17, 466) found this unnecessary 
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and suggested 12—15 secs. as the necessary minimum time (see Powney and Addison, Trans. 
Faraday Soc., 1937, 33, 1243). With the apparatus used in these experiments it was found 
that reproducible results were obtained when the time of drop formation exceeded 1 minute. 
A set of fine capillaries which could be joined to the upper end of the pipette was therefore 
used, and by choice of appropriate capillaries a time of 1 minute was maintained throughout 
the experimental work. Precautions were taken to ensure that the polished tip of the lower 
capillary was completely wetted by water before each determination of the drop number, as 
it was found in preliminary experiments that errors in measurement were frequently due to 
a lack of such precautions. Strict control of temperature was maintained by immersing the 
apparatus in a thermostat at 20°. Interfacial tensions were calculated from the drop numbers 
by the use of Harkins and Brown’s correction factors (J. Amer. Chem. Soc., 1919, 41, 499). 
In many cases the measurements made by the method described were checked by using a Du 
Nouy tensiometer adapted for interfacial measurements. The results obtained with mag- 
nesium and calcium oleates are shown in the figure. 

The curves show a rapid fall in interfacial tension with a very small concentration of soap, 
indicating marked adsorption at the interface. Of the two soaps, magnesium oleate gives a 
slightly lower tension at all concentrations, a fact which is paralleled by its more efficient 


emulsifying power. 
Surface-tension Measurements.—The surface tensions were measured with a Du Nouy tensio- 
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meter. The design of this instrument did not permit of accurate control of the temperature of 
the test solution. All measurements, however, were made in a room in which the temperature 
remained within the range 19—21°. The variations in the readings under these conditions were 
not greater than 0-2 dyne/cm. except with the very dilute solutions of calcium oleate in water, 
where variations of 0-5 dyne/cm. were recorded. At least 30 readings were made with each 
solution, and the average value taken. The results with benzene solutions of magnesium and 
calcium oleates are shown below : 

% Magnesium oleate in benzene . 0-50 1-00 2- 3-00 4-00 5-00 
Dynes/cm. 28:90 29:00 29-1 29-10 29-10 29-10 

% Calcium oleate in benzene 0-00 0-50 1-00 2- 3-00 4-00 5-00 
DYMEBPOM ys | occcrciscccsssscccvccesesseddceseste 28:90 28:90 29-00 29-00 29:00 29-00 


The very slight increase in surface tension observed is to be expected from theoretical con- 
siderations, since in such solutions negative adsorption will probably take place. 

The surface tensions of saturated aqueous solutions of magnesium and calcium oleates were 
also determined and found to be 32-3 and 47-8 dynes/cm. These solutions contained 0-231 g./l. 
and 0-045 g./l. respectively. 


Discussion.—In the formation of water-in-oil emulsions with soaps of multivalent 
metals, two factors are of importance. The reduced interfacial tension permits easy sub- 
division of the water in the oil and assists in rendering such a subdivision stable, and the 
film of hydrated soap, precipitated at the interface, effectively prevents coalescence of the 
globules. There is no doubt that globules of water are also simply entangled in the pre- 
cipitated soap. This is particularly true of emulsions stabilised with aluminium palmitate, 
where the precipitate is highly gelatinous (Briggs and Schmidt, J. Physical Chem., 1915, 
19,478). The precipitated soap is much more readily wetted by oil than by water (Wellman 
and Tartar, loc. cit.), and it is this fact which is apparently the type-determining factor. 


I am indebted to Prof. A. W. Stewart and to Dr. H. Graham for their continued advice and 
encouragement. 
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142. The Thickness of Air-formed Oxide Films on Iron. 
By W. H. J. VERNON, F. WorRMWELL, and T. J. NURSE. 


Estimates of the thickness of air-formed oxide films on high-purity iron and on 
mild steel have been derived from the chemical analysis of films stripped from the 
underlying metal by treatment in a solution of iodine in anhydrous methyl alcohol, in 
absence of air. The data, supplemented in certain cases by determination of total 
oxygen in the surface film by Sloman’s vacuum-fusion method, have been correlated with 
gravimetric determinations of oxygen taken up during exposure to air. Specimens 
prepared by abrasion carried, before the initial weighing, 1-5 ug. of oxygen per sq. cm. 
of apparent area. It was concluded that this was present as discontinuous ferric oxide 
in a matrix of iron, the total thickness of heterogeneous material being 140 a. (calcu- 
lated on the apparent area of specimen) or 56. (on the estimated “ real” area). 
Films stripped from specimens heated to the first-order blue (275°) incorporated this 
primary oxide, but from specimens heated to the first-order straw-colour (225°) only 
oxide formed during the period of heating was removed. The following values were 
obtained for total thickness of material—including continuous “ secondary ” film and 
heterogeneous primary layer beneath. First-order straw : 350 a. (apparent area), 140 a. 
(estimated real area). First-order blue: 590 a. (apparent area), -240 a. (estimated 
real area). 


EsTIMATEs of the thickness of very thin oxide films on iron were first attempted by optical 

methods [discussed by Evans, ‘‘ Metallic Corrosion, Passivity and Protection ’’ (Arnold), 

Appendix], ¢.g., the simple comparison of colours produced on heating against ‘“‘ Newton’s 

ring” colours for air (interference phenomena being assumed in the oxide film) as used by 
TT 
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Tammann et al. (Z. anorg. Chem., 1920, 111, 78 et seq.), and the spectrophotometric method 
of Constable (Proc. Roy. Soc., 1927—1928, A, 117, 376, 386). Other considerations apart, 
such methods are limited in their application, since the characteristic colours are produced 
on polycrystalline surfaces only at temperatures exceeding 200° (Vernon, Trans. Faraday 
Soc., 1935, 31, 1668). Evans and Stockdale (J., 1929, 2651) carried out a few determinations 
by estimating the ferric iron content of films stripped anodically from heat-treated iron. 
From the increase in weight due to oxidation, Vernon (loc. cit.) deduced corresponding 
thicknesses for films in both the “ visible ’’ and the “ invisible ’’ range. Miley (Carnegie 
Schol. Mem., 1936, 25, 197; see also discussion, J. Iron Steel Inst., 1937, 135, 407P), in an 
intensive investigation, measured the millicoulombs of electricity required to reduce the 
film after exposure to air at several temperatures; he concluded that the marked discre- 
pancies between thickness values obtained by optical and gravimetric methods were due 
to the presence on abraded specimens of an initial oxide film, of which the subsequent 
weight-increments took no account. Miley suggested that confusion had arisen because 
different meanings had been ascribed to the term “ thickness,” and in his own work he 
defined thickness as “‘ the mean general intercept ’’ or the mean of the intercepts made by 
the film on lines normal to the general plane of the surface. This intercept would be identi- 
cal with the Jocal thickness of the film only on a surface the irregularities of which were 
negligible compared with film thickness. For surfaces mechanically prepared by turning 
or abrading with emery (such as those used by the present authors) this condition does not 
hold, but since the real surface area is not known, Miley’s definition is useful so long as it is 
remembered that the term “ thickness’ is used in an artificial sense. For purposes of 
comparison it is probably still more convenient to express results simply as weight of 
oxygen (as oxide) per sq. cm. of apparent area, and this method is followed in the present 
work. 
From his electrometric method Miley obtained film-thickness values which agreed well 
with those determined optically by Constable (loc. cit.). He concluded that the thickness 
of the primary oxide film (assumed to be Fe,O,) on an iron surface after abrasion with fine 
emery (followed by one day’s exposure to dry air at 25°) was 210 A. (3-3 yg. of oxygen/cm.®), 
which, if Erbacher’s (Z. physikal. Chem., 1933, 163, 215) estimate of 24 is adopted for the 
ratio of real to apparent area, corresponds to a film thickness of the order of 80 A., if cal- 
culated on the real area. Miley believed that this was identical with the ‘‘ homogeneous ”’ 
or outer surface layer of Evans and Stockdale (loc. cit.); as these authors had postulated 
a zone below this surface layer consisting of a mixture of ‘‘ shattered ’’ metal and oxide 
(the ‘“‘ mixed zone ”’), it is clear that Miley’s value corresponds to a still greater thickness 
of total oxide. Special importance has been attached by Miley and others to the agreement 
of results obtained by any given method of film-thickness estimation with Constable’s 
optically-derived values. This criterion would seem, however, to be of doubtful validity, 
inasmuch as the optical method involves in its application a number of assumptions— 
notably that the thin transparent film in intimate association with the metal has both the 
same composition and the same optical properties (particularly refractive index) as massive 
ferric oxide; it also assumes that at the lower reflecting surface there is an abrupt transi- 
tion from a layer with optical properties of the oxide to one having the optical properties 
of the metal. 

As the thickness of the primary oxide film is considered to have an important bearing 
on some of the more fundamental aspects of both atmospheric and immersed corrosion, the 
present work was undertaken with the object of throwing further light on this question. 


EXPERIMENTAL. 


The procedure in the main experiments consisted in the chemical analysis of films stripped 
from specimens after exposure to air at various temperatures (ferric and ferrous iron directly, 
oxygen by calculation), the oxygen taken up during exposure being determined by the increase 
in weight of the specimen. For these experiments, mild-steel sheet (thickness, 0-75 mm. ; 
analysis: C, 0-08; Si, 0-01; Mn, 0-39; S, 0-04; P, 0-035; Cu, 0-10%) was used as in previous 
work on the oxidation of iron (Vernon, Joc. cit.). Similar methods of surface preparation 
(Hubert No. 1 emery paper finally), degreasing, heat-treatment, and of weighing were also 
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employed. Weight-increments were determined normally on specimens measuring 5 x 5 cm. 
from which specimens for stripping (approximately 5 x 2 cm.) were cut. Following Evans 
(J., 1927, 1024; Nature, 1927, 120, 584), in order to ensure freshly-cut edges, this was done 
immediately before immersion in the stripping solution (see below), the precise dimensions 
being determined for each specimen after cutting. An invaluable supplementary method, 
applicable, however, only on a limited scale and only on specimens of high-purity iron, has been 
rendered available through the co-operation of Mr. H. A. Sloman, of the Metallurgy Department, 
National Physical Laboratory, viz., the determination of the total oxygen content of suitable 
specimens (before and after exposure or before and after abrasion) by the vacuum-fusion process 
(Iron and Steel Institute, Seventh Report on Heterogeneity of Steel Ingots, First Oxygen Sub- 
committee Report, 1937, 82), the application of which to the present work is discussed later 
(see also Appendix). 

The method of stripping was developed from the original chemical method of Evans (loc. 
cit., 1927), in which the oxide film was undermined and dislodged from the specimen by immer- 
sion in a saturated solution of iodine in a 10% aqueous solution of potassium iodide (followed 
usually by washing the film with dilute hydrochloric acid to remove ferric hydroxide formed 
during the stripping process). In the technique he has recently described (Iron and Steel 
Institute, Fifth Report of Corrosion Committee, 1938, 225) for the transfer of thin oxide films 
from metal to celluloid, Evans uses a modified form of his anodic stripping method (loc. cit., 
1927; Evans and Stockdale, Joc. cit.). For the purpose of the present work the authors have 
preferred the use of iodine; they have, however, sought to refine the method in such a way 
that the oxide film might be removed quantitatively without risk of augmentation during the 
stripping process. 

A large number of preliminary experiments, both qualitative and quantitative, with the 
aqueous iodine reagent showed that in the presence of traces of dissolved oxygen any initial 
oxide dislodged during treatment is reinforced by a film (probably of hydroxide) precipitated 
from solution. Thus, the thickness of the film stripped from specimens exposed to purified air 
at 25° for periods varying from 1 minute to 7 days was found, within experimental error, to be 
independent of period of exposure, although the thickness of the primary film is known to in- 
crease measurably during that period; the precise value actually exceeded that obtained, by 
the improved method to be described, from specimens carrying the blue interference-colour 
film produced at 275°. Moreover, the thickness of the stripped film increased with the volume 
of iodine solution employed, although the characteristic appearance of the film, showing the 
scratch-lines of the original abraded surface, was not appreciably altered. Confirmation that 
the augmentation of film thickness was due to precipitation was obtained by the stripping of a 
further ‘(‘‘ spurious ”’) film on returning to the solution, without delay, a specimen from which 
the primary film had already been stripped. 

By using an apparatus in which the stripping operation could be conducted with an atmo- 
sphere of nitrogen or argon over the reagent, it was found that for any given initial film the more 
thoroughly oxygen was excluded from the system the smaller became the value obtained for 
film thickness. It was concluded that ‘‘ contamination ”’ of stripped films is due, in general, to 
(i) obviously precipitated ferric hydroxide, readily distinguishable by its colour, due to the 
presence of grosser amounts of oxygen in the aqueous,solution, (ii) transparent, colourless 
oxides that are indistinguishable from, and add to the continuity and thickness of, any film 
initially present on the metal. It became evident that for the elimination of the second type 
of contamination complete exclusion of both oxygen and water was necessary; this was ren- 
dered possible by the use of the reagent employed by Rooney and Stapleton (J. Ivon Steel Inst., 
1935, 181, 249) for the estimation of oxide inclusions in steel, viz., a solution of iodine in anhy- 
drous methyl alcohol. This reagent is capable of dissolving iron completely, without any 
attack even on finely disseminated iron oxide; as in the case of the aqueous solution, however, 
it was unnecessary to dissolve the whole of the underlying iron, since attack by the iodine 
occurs preferentially just below, with consequent loosening of, the film. 

The method finally adopted is carried out as follows: Anhydrous methyl alcohol (a com- 
mercial synthetic product) is refluxed with and distilled from quicklime, and redistilled from 
calcium metal. “ AnalaR ”’ iodine is dried over silica gel in a desiccator for several days, 7 g. 
(sometimes 3-5 g. for very thin films) are dissolved in 60 ml. of the dry alcohol, and the solution 
filtered through Whatman No. 50 filter-paper into flask A (Fig. 1). Flask B contains about 
150 ml. of the dry alcohol. After a preliminary passage of nitrogen, the specimen S is hung 
on the glass hook carried in the rubber bung of the reaction tube R, which is then thoroughly 
swept out with dry oxygen-free nitrogen (commercially “ oxygen-free,” passed over heated 
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copper and phosphoric oxide). This is effected by opening the taps T and V (clips a and b 
- being open, c and d closed, and tap W open to the exit D). Air is removed from flask A by 
closing b and opening d, e, and g (U being open to D), the iodine solution being boiled and cooled 
three times whilst nitrogen is passing through. A similar procedure is employed to de-aerate 
the alcohol in B, f and A being open. The iodine solution is then forced into the tube R (T 
opened to U; g, e, d, b open, W open to exit D) so that the specimen S is completely immersed. 
W and b being closed, the specimen is left until ‘“‘ undermining ” is completed (30—90 mins.) ; 
the film is then characteristically ‘‘ wrinkled,”’ although still clinging to the metal, and the iodine 
solution is largely decolorised. After the liquid has been carefully run out by opening b and c, 
alcohol is slowly forced into R by opening h, f, and d, the process being repeated several times 
until all excess iodine has been washed into C. The specimen is then carefully transferred to a 
dish of dry methyl alcohol, in which, on gentle shaking, the film becomes completely detached, 
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breaking into fragments which usually curl into “ rolls ” (cf. Evans, loc. cit., 1927) as it leaves 
the specimen. All the films that have been produced in this way are transparent (pale brown 
by transmitted light); they exhibit bright metallic reflection and clearly show the original 
scratch-lines of the metal. Under the microscope they appear clean and free from particles 
of metal or other spots of contamination. Photographs of typical specimens are shown as 
follows : 

Fig. 2. ‘‘ Uncontaminated ” film stripped from blue heat-tinted iron by standard method 
(this film happened to leave the specimen before removal from the reaction tube, and is photo- 
graphed through the walls of the tube, to which it is still adhering). 

Fig. 3. Portion of film similar to above, x 50. 

Fig. 4. Portion of “‘ contaminated ’’ (‘‘ augmented ’’) film (x 50) stripped from “ straw ” 
heat-tinted iron in the aqueous reagent (supra). As in Fig. 3, the original (in this case inter- 
secting) scratch-marks are clearly visible. 

Fig. 5. Portion of “‘ spurious ”’ film (x 50) obtained by leaving in the aqueous reagent (in 
contact with air) a specimen from which an augmented air-formed film had already been stripped. 
Naturally, this specimen does not show scratch-marks. 














Stripped film ( from blue heat-tinted iron) in reaction tube. (Legend beneath shows 
transparency of film, except where folded.) (X 1}.) 





Portion of film (supra). ( X50.) 
Fic. 4. 





Portion of ‘‘ contaminated”’ film. (X 50.) Portion of “‘ spurious’” film (see p. 624). (X 50.) 
[To face p. 624, 
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For the purpose of analysis, the fragments of film obtained by the standard method are 
transferred immediately from the dish of methyl alcohol to a sintered-glass filter. In separating 
films from mild steel an appreciable amount of dark magnetic material settles to the bottom of 
the dish. Under the microscope this appears as bright metallic-looking particles, and chemical 
analysis reveals a considerable iron content. As no such material separates when pure iron is 
treated, it probably consists of iron carbide which has escaped attack by the iodine. In carry- 
ing out a determination, this magnetic material is retained by means of a magnet underneath 
the dish, the film fragments being then readily washed on to the filter without contamination. 
They are washed repeatedly with dry methyl alcohol, followed by boiling distilled water, and 
then immediately dissolved in 20 ml. of hot 50% hydrochloric acid (“‘ AnalaR ”’) and the solu- 
tion made up to 100 ml., 10 ml. of which are taken for each colorimetric determination. Ferric 
iron is estimated by the thiocyanate method against a standard iron solution containing the 
same concentration of acid as the sample, ferrous iron by 2: 2’-dipyridyl, a standard containing 
the same amount of ferric iron as the sample being used. (Results agreed, within 10 yug., with 
determinations of total iron by both methods.) 


TaBLEs I—XIII. 
Oxygen Contents of Films (ug./cm.?). 


eee 9) ” 


(“ Oxygen equivalent of Fe and ‘ Oxygen equivalent of total Fe” refer throughout to values 
obtained by chemical examination of the stripped films.) 


I. Mild steel : first-order straw film (150 mins. at 225°). 


From weight-increment . 30 27 27 28 
Oxygen equivalent of Fe’ ...8...........000+ 32 33 32 32 2-9 
Oxygen equivalent of total Fe s 36 42 42 3-2 


II. Mild steel : first-order blue film (75 mins. at 275°). 


From weight-increment 
Oxygen equivalent of Fe™ 
Oxygen equivalent of total Fe 


III, Pure ivon : “ primary film” (abrasion + 1 hour at 25°). 


From vacuum fusion 
Oxygen equivalent of Fe*™ 
Oxygen equivalent of total Fe 


IV. Mild steel: “ primary film” (abrasion + 1 hour at 25°). 


Oxygen equivalent of Fe” . 06 O38 O02 O38 0-7 
Oxygen equivalent of total Fe : 06 O08 O2 O04 O09 


V. Mild steel ; “ thickened primary film” (8 days at 25°). 


From weight-increment m= 0-4 
Oxygen equivalent of Fe 
Oxygen equivalent of total Fe , 0-9 


VI. Pure iron : first-order straw film (96 mins. at 225°) 


From weight-increment (W.I.) 3-2 
From vacuum fusion = flm)+W.JI. 4: 
Oxygen equivalent of Fe*™ 3-2 


Oxygen equivalent of total Fe 


VII. Pure iron : first-order blue film (50 mins. at 275°). 


From weight-increment (W.I.) 

From vacuum fusion oenty film) + W.I. 
Oxygen equivalent of Fe’ 

Oxygen equivalent of total Fe 
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VIII. Mild steel: first order straw film (14 mins. at 275°). 


From weight-increment , 2-8 
Oxygen equivalent of Fe 
Oxygen equivalent of total Fe , 4-6 


IX. Mild steel : first-order blue film (17 hrs. at 225°). 


From weight-increment . 6-4 6-4 
Oxygen equivalent of Fe” ° 55 5-6 
Oxygen equivalent of total Fe . 74 «Fl 


X. Pure ivon: “ advanced” first-order blue film (75 mins. at 275°). 


From weight-increment (W.I.)........s+essse0e. ° 94 89 92 
From vacuum fusion (primary film) + W.I. ‘6 10:9 10-4 10:7 
From vacuum fusion (total film) "2 10-3 

Oxygen equivalent of Fe” 3 12-0 126 11-5 
Oxygen equivalent of total Fe 4 #133 144 13-2 


XI. Mild steel (pre-exposed at 25° for 1262 days) : straw film (96 mins. at 225°). 


From weight-increment at 25° 12:0 12-0 
From weight-increment at 225° 

Oxygen equivalent of Fe” 

Oxygen equivalent of total Fe 


XII. Mild steel (pre-exposed at 26° for 1262 days) : mauve film (50 mins. at 275°). 


From weight-increment at 25° : S ® 
From weight-increment at 275° , 

Oxygen equivalent of Fe” 

Oxygen equivalent of total Fe 


XIII. Mild steel (pre-exposed at 25° for 1262 days) : no subsequent heat-treatment. 


From weight-increment 
Oxygen equivalent of Fe™ 
Oxygen equivalent of total Fe 


RESULTS AND DISCUSSION. 


The data necessary for the computation of film thickness are set out in Tables I—XIII 
in the form of oxygen contents; these are derived, in the main, from the weight-increments 
of the specimen after exposure, and from oxygen equivalent both to ferric iron and to total 
iron in the film. Ferric iron found by analysis is assumed to represent ferric oxide * in 
the film before stripping. Although the total iron has frequently exceeded ferric iron, it 
cannot be assumed that the difference is due to ferrous oxide in the film, since metallic iron 
would be similarly reported. 

Results obtained (Tables I and II) for the first-order straw film (225°) and for the first- 
order blue (275°) show that the difference between total and ferric iron is appreciably 
greater for the blue than for the straw film. In the case of the latter film no distinction 
can be made, within experimental error, between values given by weight-increment and by 
the ferric iron content after stripping; the blue film, however, has given appreciably 
greater values by the stripping method (‘‘ ferric oxygen”) than by weight-increment. 
On the assumption that the abraded surface of the specimen carries a certain amount of 
oxide when the initial weighing is made (p. 622), these results indicate that the blue film, 


* Preston and Bircumshaw (Trans. Faraday Soc., 1935, 31, 1677), from electron-diffraction examin- 
ation of abraded iron surfaces after heating in air, concluded that the surface film consisted of a-ferric 
oxide above 200° and either y-ferric oxide or magnetite below (ca.) 200°. Nelson (J. Chem. Physics, 
1937, 5, 252; 1938, 6, 606), also by electron diffraction, found the a-pattern at temperatures as low 
as 130° provided sufficient time was allowed; at and above 193°, however, the first-order blue inter- 
ference colour was characterised by a new and more coarsely crystalline a-Fe,O, having a different 
type of preferred orientation. At lower temperatures than the above, ‘‘ mixed patterns ”’ (showing the 
presence of metallic iron together with oxide) were observed in the early stages of exposure. 
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when stripped from the metal, incorporates at least some of the primary oxide,* whereas 
none of this is included in the detached straw film. 

The ‘“‘ vacuum-fusion method ’”’ as developed by Sloman (loc. cit.) offered a means of 
determining with precision the amount of oxide in the freshly-abraded surface, provided 
the necessary area/weight ratio could be realised. As this was possible only for highly 
pure iron, a new series of experiments was carried out with material of the highest purity, 
prepared in the Metallurgy Department of the National Physical Laboratory. Satis- 
factory agreement between the vacuum-fusion tests and gravimetric results, under condi- 
tions within which they are directly comparable, was first established, as shown in Table X 
(also Appendix, p. 631) to which reference will be made later. In the authors’ view the 
former method affords, where applicable, the most satisfactory and unequivocal basis for 
estimating the total amount of oxygen in surface films; in the present work it has been 
used as the criterion against which results obtained more conveniently by other methods 
have been checked. 

The determination of oxygen introduced into the surface as oxide during abrasion, 
together with any formed by an hour’s subsequent exposure to air (a period approximately 
equal to that which normally occurs between abrasion and weighing), is described in the 
Appendix; the value given by closely agreeing duplicate experiments was 1-5 ug./cm.?. 
These experiments were conducted on the high-purity iron; attempts to obtain comparable 
values both on the pure iron and on the mild steel by the stripping-analysis method yielded 
results shown in Tables III andIV. The agreement between these values strongly suggests 
that the primary oxide behaves similarly both on pure iron and on mild steel. In the case 
of pure iron, however, the vacuum-fusion value is nearly 3 times that given by stripping, 
indicating that only a portion of the primary oxide is capable of removal in this way. 
The absence (within experimental error) of ferrous iron in each case will be noted.. 

Results obtained from the stripping of the film formed on mild steel after 8 days’ 
exposure to purified air of 10% relative humidity at 25° (the “ thickened primary film ’’) 
are shown in Table V. On the assumption that the amount of primary oxide on mild 
steel is similar to that on pure iron, the results of Table V confirm those of Table III in that 
a portion only of the primary oxide, after being augmented by exposure at 25°, is removable 
by stripping. 

Values for coloured films on pure iron, corresponding with those of Tables I and II for 
mild steel, are shown in Tables VI and VII. It is remarkable that to produce a given 
change in colour shorter periods of exposure at the same temperature are required for pure 
iron than for mild steel, notwithstanding that the corresponding weight-increments are the 
same. The reason for this is not fully understood, although supplementary experiments 
have shown that the 0-1% of copper present in the steel is at least partly responsible. 
As in the case of mild steel, the ferrous iron content of the stripped film is greater for the 
blue than for the straw, whilst ferric iron again agrees with that given by weight-increment 
for the straw and exceeds that value for the blue film. Now, however, the sum of the 
values given by vacuum-fusion and weight-increment (which must include the whole of 
the oxygen present in the surface, including both the superficial continuous oxide and any 
“‘ mixed zone ’’ below) exceeds the “‘ ferric oxygen ’”’ in the stripped straw film but shows 
approximate agreement with the “‘ ferric oxygen ”’ in the blue film. It follows, therefore, 
that the stripping operation removes the whole of the surface oxide constituting the blue 
film but only a portion of this oxide (the portion corresponding to weight-increment) in 
the case of the straw film (cf. results for mild steel; p. 626). 


* “‘ Primary oxide ” here refers to any oxide incorporated in the surface during the initial prepar- 
ation of the specimen, together with any formed by simple contact with air during the first hour, this 
being the earliest time from which quantitative data are available for rate of oxidation (Vernon, loc. cit.). 
The term “ primary oxide film ’’ has been used by Vernon (loc. cit.) and Nelson (loc. cit.) to denote 
any invisible film formed during the early stages of exposure at ordinary temperatures (cf. ‘‘ air-formed 
film ” of Evans), but in the light of the present results it is doubtful whether the word “ film,” in the 
sense of a continuous entity, is correctly applied in this connection. The term “ secondary film ’’ (or 
“ weight-increment film ”’) is used in the text to denote the film formed, by heating or otherwise, subse- 
quent to the initial weighing of the specimen. 
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In order to decide whether this phenomenon is a function simply of the thickness of the 
respective films, or whether it is determined by temperature, experiments were carried out 
with the thinner (straw) film produced at the higher temperature (Table VIII) and the 
thicker (blue) film produced at the lower temperature (Table IX). In each case only the 
‘‘ weight-increment portion ”’ of the film was removed; hence, film thickness alone cannot 
control the “‘ incorporation” of primary oxide, since this takes place only at the higher 
temperature and then only provided that sufficient time be allowed. On the other hand, 
the reproduction of a given colour is determined by the thickness of the secondary film, 
and is unaffected by the incorporation or otherwise of the underlying primary oxide. The 
penetration of iron into the film at constant temperature (this being assumed to be re- 
sponsible for the excess of total over ferric iron) appears to be favoured by time (cf. Tables 
I and IX, 225°; VIII and II, VII and X, 275°). 

Table X shows the results obtained by heating pure iron at 275° for the same time as 
the mild steel in Table II (as already noted, this gives a more advanced blue, with corre- 
sponding greater weight-increment). This table includes vacuum-fusion values for the 
total surface oxygen after heat-treatment; these show satisfactory agreement with the 
values obtained by adding to the “‘ weight-increment oxygen” the oxygen found by 
vacuum-fusion in the primary film. The oxygen equivalent to Fe’ as found by analysis, 
although slightly in excess,* confirms the foregoing conclusion that the stripped film 
includes the whole of the primary oxide under these conditions. 

The influence of much thicker (invisible) films formed at low temperatures by the thick- 
ening of the primary film (cf. Table V) was further investigated by using specimens that 
had been exposed for 1262 days at 25° to purified air of 10% relative humidity, giving 
weight-increments equivalent approximately to an oxygen content of 12 yg./cm.?. Two 
of the specimens were heated in air for 96 mins. at 225° (Table XI) whereby a straw-coloured 
film was obtained, and two for 50 mins. at 275° (Table XII) with the production of a mauve 
film, intermediate in the usual colour sequence between straw and blue. Notwithstanding 
the relatively heavy films carried initially, these colours and also the weight-increments 
on heating were much the same as those produced on heating freshly-abraded specimens 
at the same temperatures and for the same times, except that the colours were not quite 
so uniform or pure. These results suggest that the films responsible for the colours are 
formed outside the film produced at 25°. Attempts to isolate this long-period film resulted 
(Table XIII) in the isolation of only a small fraction of the film. 

However, the difference between the value so obtained (“‘ ferric oxygen ”’ figure) and the 
corresponding value for the film stripped after heating at 225° (Table XI) shows close agree- 
ment with the weight-increment, viz., 2-0 ug./cm.?. On the other hand, the difference in 
the case of the film produced at 275° (Table XII) is greater than the corresponding weight- 
increment, confirming the conclusion already reached that the higher temperature favours 
the incorporation of primary oxide into the film removed by stripping. The remarkable 
result now emerges, however, that the maximum amount so incorporated is not greatly 
affected even when the thickness of the primary film has been increased many times by 
long pre-exposure to air. This is shown by the close agreement in the appropriate data 
for freshly-abraded (Tables I and II) and pre-exposed specimens (Tables XI and XII). 

The complete data (mean values from Tables I—XIII) are summarised in Table XIV. 

Conclusions.—The foregoing results may be used to estimate (1) the thickness of the 
‘primary film,” produced by abrasion followed by one hour’s exposure to purified air at 
25°; (2) the thickness of the ‘‘ temper-colour film ” formed as the result of exposure to air 
at the appropriate temperature. 

(1) Although the vacuum-fusion results give accurately the total amount of oxygen 
in the surface film, its distribution is largely a matter of conjecture. On the basis adopted 
by Miley (loc. cit.), i.e., assuming a uniform and homogeneous film of ferric oxide and a sur- 
face area equivalent to the nominal or apparent area, the oxygen content of 1-5 ug./cm.? 
corresponds to a thickness of 95 A. (or 40 A. according to Erbacher’s estimate of real area). 
This value includes the whole of the surface oxygen (cf. Miley’s value of 210 a., which 


* The slight excess of ferric iron found in some of the experiments may be due to oxidation of 
ferrous iron during the separation and dissolution of the film. 
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TABLE XIV. 


Summary of Results : Oxygen Contents of Films (ug. per sq. cm.). 


Films formed at ordinary 
temperature. Films formed on heating. 





¢ 


* Invisible.” — Straw colour. Blue colour. 





“Iron. Mild steel. ' Iron. Mild steel. “ata Iron. Mild steel. 


225°. 225°. 275°. 225°. 275°. 275°. 275°. 225°. 275°, 
8 1260 96 150 14 96 50 75 75 17 50 

Values obtained by 1hr. lhr. days. days. mins. mins. mins. mins. mins. mins. mins. hrs. mins. 
Weight-increment _ — 04 4116 29 28 28 20* 69 86¢ 65 64 4-3* 
Vacuum-fusion . — _ —- aa — — -— — 103 
Vacuum-fusion (primary 

film) + weight-incre- 

ment — — (1-9)f (13-1) (4:3) (43) — 84 10-1 (80) (7:9) — 
Oxygen equivalent to 

Fe*’’ in stripped film 06 04 06 #£1-0 32 30 26 79 118 %75 %&&8 17:3 
Oxygen equivalent to 

total Fe in stripped 

film 








05 +089 13 32 37 $446 32 98 136 94 74 8&1 
IV V XxiIll vi I VIII Xx VII XxX II IX XII 


* Values obtained by heat-tinting specimens after long pre-exposure to air at “‘ ordinary temperature” (col. 13) 

t ‘‘ Advanced ” blue colour. 

t Values in parentheses (mild steel) assume same amount of oxygen in primary film as obtained by vacuum- 
fusion for iron. 


included only the ‘‘ homogeneous ”’ surface layer and excluded the ‘‘ mixed zone ”’ presumed 
to lie beneath) but clearly it represents the lower limit of possible film thickness. The 
upper limit is derived by assuming that the content of oxygen is distributed in such a way 
that there is a gradual transition from ferric oxide at the outer surface to iron at a lower, 
ill-defined interface, where the oxide-carrying layer merges into unoxidised metal. On this 
basis, a thickness of 140 A. is obtained (‘‘ nominal area ”’ is assumed in this and the follow- 
ing examples). A further alternative, which, on physical grounds, appears to be the most 
probable, assumes that ‘ granules”’ of ferric oxide are incorporated sporadically in a 
matrix of iron. The thickness corresponding to this distribution is not likely to differ 
materially from the second derived value (140 A.), but this higher value now carries the 
implication that the “‘ primary oxide film ”’ is discontinuous and heterogeneous, 

(2) It has previously been shown (Vernon, /oc. cit.) that each characteristic colour is 
associated with a definite weight-increment. In the case of the thinner coloured films 
produced at the lower temperatures (e.g., the straw film at 225°) considerable evidence is 
now adduced that the ‘ weight-increment film’’ (‘‘ secondary film’’), if not entirely 
responsible for the colour, is structurally independent of the “‘ primary film’’ beneath, 
from which it is readily separated by stripping. In the light of available electron-diffrac- 
tion evidence it is reasonable to conclude that this secondary film consists predominantly 
of ferric oxide. The present results indicate, however, that there is also associated with 
the film a certain amount of metallic iron, the estimated contribution of which, in terms of 
thickness, is shown in Table XV (i). 


TABLE XV. 


Estimation of Film Thickness (Means of Values for Pure Iron and Mild Steel). 

(i) “ Straw ” film. (ii) “‘ Blue ” film. 
Calc. on Calc. on Calc. on Calc. on 
apparent estimated apparent estimated 
area of “‘ real” area of “‘ real ”’ 

- Specimen, A. area, A, pg./cm.*. specimen, A. area, A. 

Secondary Fe,O, 190 76 22-3 

Secondary ~ 17 . 

Total secondary 207 

Primary Fe,O, 95 

Primary Fe , 45 

Total primary 140 

Min. total thickness ... 290 

Max, total thickness ... 350 








¢ 
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Although the underlying primary oxide is structurally independent, the authors believe, 
with Miley (loc. cit.), that it contributes to the colour brought about by the presence of the 
overlying film. It seems unlikely, on general grounds, that refraction of incident light will 
be confined entirely to the outer film; further penetration into the altered iron surface 
beneath is to be expected, reflection finally taking place at the surface of unchanged metal. 
A further reason for bracketing the primary with the secondary film in assessing the total 
thickness of material responsible for the colour follows the discussion of the blue film 
(below). Combining the maximum and minimum values (with or without associated iron) 
for the primary and secondary films, we obtain maximum and minimum values of 350 a. 
and 290 A. (calculated on apparent area of specimen) for the “‘ complete ”’ straw film. 

In the case of the thicker films at the higher temperatures (e.g., the blue film at 275°), 
interpenetration of the primary and secondary components is indicated by the complete 
removal of both, on stripping, as a single film. For convenience, however, the two com- 
ponents are reckoned separately [Table XV (ii)] in computing film thickness. As before, 
a certain proportion of metallic iron is included as a possible component, the justification 
for which is based on the excess of total over ferric iron found in the film analysis. This 
procedure rejects the alternative interpretation (p. 626) that the excess iron represents 
ferrous oxide in the film, for which there appears to be no supporting evidence. On the 
other hand, the interpretation of excess metallic iron is in harmony with the views of 
Wagner (Z. physikal. Chem., 1933, B, 21, 25; see also Price, Chem. and Ind., 1937, 56, 
769; Hoar and Price, Trans. Faraday Soc., 1938, 34, 867), according to which iron ions may 
diffuse outwards through the film under a potential gradient. Supporting experimental 
evidence had been previously supplied by Pfeil (J. Iron Steel Inst., 1929, 119, 501) for the 
oxidation of iron at much higher temperatures; it is also suggested by the recent work of 
Nelson (loc. cit.) and by the results described on p.628. Of the alternative film thicknesses 
reported in Table XV, the authors attach greater weight to the “‘maximum”’ values, 
since the evidence appears to justify the view that metallic iron is associated with the 
ferric oxide in both the primary and the secondary films. The values of 350 A. and 590 a. 
(calculated on the apparent area of the specimen) obtained for the straw and for the blue 
films may be compared with the corresponding values of 460 A. and 720 A. derived optically 
by Constable. The divergences may be readily explained on the basis of the invalidity of 
the assumptions referred to on p. 622. Thus, it has been shown above that the film re- 
sponsible for the characteristic colours cannot, as a whole, have the composition of massive 
ferric oxide; neither, or at least extremely improbably, can the lower reflecting “‘ surface ”’ 
correspond with a sharply defined interface between stoicheiometric ferric oxide and 
metallic iron; much more probably there is a gradual transition between metal and oxide. 
The most important single factor, however, is refractive index. Constable (loc. cit.), in 
calculating thicknesses from his carefully derived photometric data, employed Kundt’s 
values (Ann. Physik, 1888, 34, 484) for blue and red light (1-85 for blue film and 2-3 for 
straw film), although Kundt gave no details of the preparation of his oxides except to state 
that they were obtained by heating an iron prism in air. Tronstad and Héverstad (Z. 
physikal. Chem., 1934, A, 170, 172) give 3-5 as the refractive index of the “ natural ”’ oxide 
film on iron, and other values in the literature are 3-22 (Lange, ‘‘ Handbook of Chemistry,” 
2nd edtn., 1937), 2-74 at 2 = 7000 a. (Sosman and Hostetter, J. Amer. Chem. Soc., 1916, 
38, 807), and for hematite from 2-7 to 3-2 (Mellor, ‘‘ Comprehensive Treatise, etc.,’’ Vol. 
XIII, 796, 797). Since magnetite has refractive index 2-42 (A = 7000 a.) (Sosman and 
Hostetter, loc. cit.), it seems probable that Kundt’s values were obtained on that oxide. 
If values of 3-03 (straw film) and 2-26 (blue film) are substituted for Kundt’s values in 
Constable’s calculations, then the optical values for thickness agree with the estimates of 
the present authors, i.e., 350 A. for the straw, and 590 A. for the blue film. This agreement, 
and particularly the identity of the ratios for the two thicknesses as obtained by the present 
and by the optical method, confirms the validity of the assumption (see above) that the 
“straw film”’ (i.e., the total thickness of material responsible for the straw colour) 
incorporates the “ primary film,” notwithstanding that the latter cleaves to the metal 
when the over-lying surface film is detached in the stripping process. 

The results reported in Tables XI and XII, in which it was shown that the characteristic 
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colours are produced at the appropriate temperatures and times even on the outside of an 
augmented primary film greatly exceeding in thickness that of the colour film itself, are not 
fully understood. It is clear, however, that the mechanism must involve (i) the transport 
of iron ions through the massive primary film with the production of a film of normal 
dimensions outside, (ii) the incorporation into this latter film of a fraction of the ‘ aug- 
mented ” primary film approximately equal in magnitude to the amount of the normal 
primary film on freshly-abraded specimens. This confirms that the colour of films produced 
on heating iron in air at temperatures above 200° is dictated primarily by the thickness of 
the film measurable by weight-increment (Vernon, Joc. cit.); a certain amount of under- 
lying oxidised material is utilised optically, but provided that this exceeds a very small 
minimum, its precise dimensions appear to be immaterial. 
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APPENDIX. 


Sloman’s Vacuum-fusion Method.—Details of the vacuum-fusion technique, of which 
this note gives only the briefest outline, have been published by Sloman (lec. cit.). For 
the determination of total oxygen in massive iron or steel, cylindrical specimens (1—3 
cm. long, 1 cm. in diam.) are used. After suitable preparation they are introduced into a 
side tube of the apparatus (which is then evacuated) preparatory to transference, electro- 
magnetically, into a graphite crucible in which they are melted by high-frequency induction 
(temperature 1550°, pressure immediately before fusion 5 x 10-°* mm. of mercury). Oxy- 
gen contained in the sample is converted completely into carbon monoxide, the evolved 
gas, which is continuously pumped away, being collected in a suitable burette and examined 
in a gas-analysis apparatus of the Ambler type. The results obtained with a wide range of 
materials have yielded a high order of reproducibility. 

The experiments that Mr. Sloman has carried out for the present work have involved 
the determination of the increase in total oxygen content of specimens, the oxidation of 
which is confined to an excessively thin layer of the surface. For this purpose it was 
necessary (i) that the material employed should have a uniform and preferably low initial 
content of oxygen, and (ii) that the surface area should be very large compared with the 
volume of the specimen. The high-purity iron (O, 0-0003; C, 0-017; S, 0-001; P, 0-001; 
Al, 0-004; Ni, 0-022%; Mn, trace; Cu, trace) prepared by Mr. C. A. Bristow in the Metal- 
lurgy Department of the National Physical Laboratory, besides meeting the first require- 
ment, also enabled the second to be satisfied by reason of its high ductility. Sections 
measuring 1}” x 14” x }” were cut from a bar of the massive metal and rolled, without 
any annealing heat-treatment, into strip having a thickness of 0-08—0-1 mm. (width 2-5 
—3-0 cm.); less pure material would have required intervening heat-treatments in which 
oxidation, sufficient to vitiate the experiments, would have been difficult, if not impossible, 
to avoid. By employing suitably small reductions during the cold-rolling (for which 
carefully cleaned jeweller’s rolls were used), the temperature did not rise by more than a few 
degrees; the strip, moreover, was kept covered with high-grade vacuum-pump oil, so that 
low-temperature oxidation during rolling [see (a), below] was also severely restricted. For 
each vacuum-fusion experiment, three 20-cm. lengths of strip after heat-oxidation (six 
lengths in the case of invisible films formed at ordinary temperature) were each loosely 
coiled into a cylindrical spiral, 1 cm. in diam. (length 2-5—3-0 cm.). The total surface 





632 The Thickness of Air-formed Oxide Films on Iron. 


area so obtained was 500—1000 sq. cm. (weight of strips 20—40 g.) as compared with 
12 sq. cm. for the usual massive specimen weighing ca. 18 g. 

-The experiments were carried out on the following: (a) Strips rolled and degreased 
but not abraded, for determination of oxygen introduced during rolling. (0) Strips 
abraded with Hubert No. 1 emery paper [following treatment (a)] and subsequently 
degreased, for determination of oxygen taken up during abrasion (For reasons explained 
in the text, a period of about an hour was allowed to elapse between abrasion and vacuum 
fusion, the specimen, meanwhile, being kept in a desiccator in presence of air.) (c) Strips 
heated in air at appropriate temperature (abrasion and degreasing as above), for determina- 
tion of oxygen taken up during the standard heat-treatment described in the text. These 
strips were weighed before and after éxposure. 

The results obtained may be summarised as follows : 


(a) Oxygen in massive metal, per 100 g. = (i) 0-0003,) wane 
(ii) 0-0003, a &: 
Oxygen in rolled strip, per 100g. = 0-0017 g. 
Oxygen added during rolling = 0-0014 g. per 100 g. = 0-56 ug./cm.?. 
(Surface area of rolled strip = 2460 cm.? per 100 g.) 


The oxide corresponding to this small amount of surface oxygen is probably entirely 
removed in the subsequent abrasion; this assumption is necessary if the subsequent value 
(approximately 3 times greater) is accepted as corresponding exactly to the amount of 
oxide forced into the surface in the act of abrasion. 


(b) O, added by (rolling and) 
O, in rolled Surface area of abrasion : 





O, in massive abraded strip, rolled strip, ¢ . 
metal, per 100 g. per 100 g. cm.? per 100g. per 100g. pg./cm.*, 
(i) 0-0003, (mean) 0-0042 2459 0-0039 1-57 \ Mean 

(ii) 0-0003,( ,, ) 0-0040 2493 0-0037 1-48 J 1-52 
i) 0-0014 


(iii) 0- 0-0049 2312 0-0035 1-51 


Experiments (i) and (ii) were carried out with the N.P.L. “ pure iron’’; for experiment 
(iii) carbonyl iron (a high-purity iron supplied by I.G, Farbenindustrie A.G.) was employed. 
It is clear that the figure of 1-5 ug./cm.? may be safely accepted as representing the total 
increase in surface oxygen resulting from the standard method of abrasion. 
(c) Results of heat-oxidation experiments were obtained from both carbonyl iron and 


N.P.L. iron, as follows : 

Increase in surface 

oxygen due to heating 
O, in massive O,instrip Surface area (ug./cm.?). 
Temp. and metal before after of rolled t A 

time of heating, heating, strip, By vacuum By 
heating. per 100 g. per 100g. cm.?/100 g. fusion. weighing. 

0-0003, (i) 0-0250 2413 8-69 8-69 

(ii) 0-0247 2361 8-81 8-80 

0-0014 0-0110 2312 2-64 2-72 





These data (see also Sloman, Iron and Steel Inst., Eighth Report on Heterogeneity of 
Steel Ingots, Second Oxygen Sub-committee Report, 1939) illustrate the accuracy and 
reproducibility of the vacuum-fusion results, the significance of which in relation to the 
present inquiry is discussed in the text. 
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143. The Optical Rotatory Powers of (+)-y-Methyl-n-heptane. 
By J. Kenyon and B. C. Pratt. 


The specific rotatory power of (+-)~y-methyl-n-heptane [(+-)-methylethyl-n-butyl- 
methane] in the homogeneous state remains practically constant with change of 
temperature; on the other hand, it changes considerably when determined in non- 
polar solvents. 


FRoM a survey of the accumulated data bearing on the influence of temperature on liquid 
optically active compounds in the homogeneous state, and of the effect of solvents on 
optically active compounds in solution, the following main generalisations of a qualitative 
character can be drawn: (i) For compounds of the same type, e.g., saturated aliphatic 
alcohols or ethers, the influence of temperature is greater the smaller the molecular weight. 
(ii) The presence of unsaturated groups or of aromatic radicals generally increases, often 
to a very marked degree, the influence of temperature on rotatory power and rotatory 
dispersion : a carbalkoxyl group generally exerts a similar influence. (iii) The influence of 
polar solvents is generally directly proportional to their dipole moments (as is shown by the 
extensive measurements of, inter alia, Rule and his co-workers). (iv) The influence of 
non-polar solvents on the rotatory power of many types of compounds is often considerable. 

It therefore seemed desirable to study a case in which as many as possible of these 
disturbing influences should be absent or reduced to a minimum: a saturated aliphatic 
hydrocarbon of low molecular weight fulfils most of these requirements, for it possesses 
little or no dipole moment and its power of associating either with itself or with a solvent 
must be very low. 

Accordingly, (+-)~y-methyl-n-heptane was prepared, and its rotatory powers for light 
of various wave-lengths in the. visible spectrum determined, both in the homogeneous 
condition at different temperatures and in various solvents at room temperature. 

Over a range of 31° the specific rotatory powers of the hydrocarbon remained almost 
constant, supporting the view that the substance is not associated to any marked degree 
and that the alteration in observed rotatory power follows pari passu the alteration in 
density as the temperature changes. 

On the other hand, the specific rotatory powers of the hydrocarbon suffered considerable 
alteration when they were determined in methylene chloride and the non-polar solvents 
benzene- and carbon disulphide. Even in the same solvent—carbon disulphide—the 
specific rotatory power underwent a 10% alteration in value when the concentration of the 
solute was changed from 4:4% to 2:2%. It is thus clearly established that even under 
the most favourable conditions for the avoidance of polar influences a solvent does not act 
as a mere inert diluent for the solute. 

Although the dipole moment of y-methyl-n-heptane has not been determined, strong 
support for presuming it to be zero is found in the observations of Smyth and Stoops (/J. 
Amer. Chem. Soc., 1928, 50, 1883), who record that nine isomeric heptanes—including in 
particular, 8-methyl-v-hexane—all possess zero dipole moments. 

The (+)-y-methyl-n-heptane was prepared by the following reactions : 


CHEtBu*-CO,H > CHEtBu’CO,H > CHEtBu-CO,Et > CHEtBu-CH,°OH > 
(di-) (+) (+) (+) 
(I.) (II.) (III) (IV.) 
CHEtBu:-CH,I > CHEtBu-CH, 
(+) (+) 
(V.) (V1.) 
Numerous attempts were made to resolve dl-$-ethyl-n-hexanol (as IV), but although 
crystalline alkaloidal salts of its hydrogen phthalate and hydrogen 3-nitrophthalate were 


readily obtained, repeated crystallisation of these from various solvents failed to yield the 
alcohol with more than 5% of its maximum rotatory power. 
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t. dy. 
14° 0-9112 
20 0-9064 
31 0-8975 
48 0-8840 
68 0-8678 
90 0-8500 
15* 0-9104 
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Solvent t. 
BRD . ccicconcccncess 20° 
= Ee 20 
CUA schescouness 20 
1 : 4-Dioxan ...... 21 
CCI, ccvccccevececes 20 
> SNe 19 
Gl cnsdqnesuenaces 18 










t. Gessa- 
a” — 9-74° 
24 = 
29-5 9-68 
59 9-34 
89 8-90 
18* 9-86 








[a]\” 


[a]” 





Kenyon and Platt: 


[a]éase- 

+ 7-65° 
7-34 
7-38 
7-43 
7-14 


— 7-25 





c. 
5-008 
4-990 
5-079 
5-043 
5-087 
5-075 
5-127 
4-994 







2s5e03- 
— 11-76° 
11-72 
11-62 
11-40 
11-11 
11-76 





+ 12°15 





TABLE I. 


Temperatures. 
[a}éa0s. [a]sre0. 
+ 9-00° + 9-47° 
8-95 9-43 
8-89 9-37 — 
8-78 9-22 
8-71 9-17 
8-61 9-18 
8-92 9-43 


* Recooled. 


Corresponding (—)Acid. 


— 8-75 — 914 





TABLE II. 


Solvents (1 = 2). 


[a]éase-  [alseos. 
— 8-59° — 9-88° — 
6-91 8-62 
5-12 7-88 
6-45 6-94 
6-29 7-08 
— 6-60 
4-29 5-66 


4-01 5-01 





TABLE III. 


25780° 
— 12-28° 


12-21 


11-88 
12-23 


* Recooled. 


Corresponding (+-)Ester. 


+ 12-83 








[a}Ss61- 
+ 10-64° 
10-62 
10-56 
10-38 
10-28 
10-21 
10-64 


— 10-32 


These rotatory powers are accurately expressed by the equation 
2-923 /(a2 — 0-0230), whence 29 = 1516 A., 
and those of the corresponding ethyl ester (Table III) by the equation 
— 2-173/(a2 — 0-0273), whence 4 = 1662 A. 


[a}5r00. 
10-30° 
9-12 
8-17 


RAHI 
RS3z 


+ 
~ 





“5461° 
— 13-86° 


13-72 
13-43 
13-03 
13-81 


+ 14-42 





An alternative method of preparing y-methyl-n-heptane (Duveen and Kenyon, Bull. 
Soc. chim., 1938, 5, 1120) by the attempted complete resolution of y-methylheptan-8-ol, 
CHMeEt-CHPr*-OH, proved unsatisfactory, for it was found, after conversion of the group 
—CH(OH)Pr into —CH,Pr, whereby one centre of asymmetry is destroyed, that the 
optical activity of the resultant hydrocarbon was less than 10% of its maximum value. 






Specific Rotatory Powers (1 = 2) and Densities of (+-)-n-Heptane~y-carboxylic Acid at Various 


[a}S08e- [a}‘iss8. 
+ 12-43° + 18-19° 
— 17-50 
12-25 17-55 
— 16-74 
12-26 14-81 
12-20 — 
12-33 17-36 


— 12-04 











— 17-13 











Specific Rotatory Powers of (—)-n-Heptane-y-carboxylic Acid ([«]§{, — 10-32°) in Various 


[a}Sse1- [alsoss- [alasss- 

12-28° — 14-87° — 18-37° 
9-41 11-42 16-43 
8-86 10-14 13-98 
8-64 9-92 12-60 
7-67 9-04 12-78 
7-39 8-28 11-22 
6-24 7-31 9-85 
6-11 7-0 10-0 


2s086- 
— 16-15° 
16-03 
16-01 
15-59 
15-53 
16-23 








Observed Rotatory Powers of Ethyl (—)-n-Heptane~y-carboxylate at Various Temperatures 
(l = 2) 


G4g358- 
— 23-10° 


22-70 
22-10 


22-56 
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TABLE IV. 


Specific Rotatory Powers of Ethyl (—)-n-Heptane-y-carboxylate (aki, — 13-86; 1= 2) in 
Various Solvents (1 = 2). 


Solvent. 


[a}éass. 


[a}éeos- [alereo-  [alsecr. [a]soss. [a asse- 


— 694° —7-73° — 853° —9-62° —11:20° — 138° 


6-27 
6-49 


6-15 
5-34 


4-47 
3-85 


7-16 7-36 8-26 . 13-3 
6-79 7-29 8-39 — 
6-66 7-16 7-76 . 13-0 
6-45 6-55 7-34 : 11-3 
6-13 6-13 6-83 P 10-8 
5-92 6-61 7-30 . 11-0 
4-17 5-26 . 8-34 


4-05 4:15 4-74 | j 7-60 


TABLE V. 


Observed Rotatory Powers and Densities of (+-)-8-Ethyl-n-hexanol at Various Temperatures 


de. 
0-8342 
0-8611 
0-8205 
0-8150 
0-7770 
0-8334 


ease- 
+ 5-92 
5-85 
5-68 
5-61 
5-01 
5-80 


° 


(l = 2). 


2s5s93- 25780° 25461° 2s5086- 
+ 7°10° + 7-53° + 8-48° + 9-82° 
6-94 7-27 8-20 9-68 
6-89 7-17 8-09 9-46 
6-76 7-09 8-04 9-34 
6-10 6-40 7-19 8-41 
7-12 7-56 8-49 9-84 


* Recooled. 


TABLE VI. 


Specific Rotatory Powers of (+-)-8-Ethyl-n-hexanol in Various Solvents (1 = 2). 


Solvent. 


c. 
5-069 
5 049 
5-002 
4-926 
4-951 
4-975 
5-060 


[a] 6438° 


[a] sags- [2] 5780 [a] 5461° [a] 5086- [2] gsse- 


+ 346° + 493° +5-92° +651° +691° + 9-97° 


2-40 
2-36 


3-47 4-26 4-86 5-15 8-32 
3-60 —_ 4-30 5-00 5-70 
3-05 3-16 4-04 4-24 6-6 
3°17 — 3-76 4-16 6-95 
3-42 _ 3-62 4-52 5-53 
2-57 _— 3-16 4-35 7-12 


TABLE VII. 


Specific Rotatory Powers and Densities of (+-)-y-Methyl-n-heptane at Various 
Temperatures (1 = 0-5). 


de. 


0:7075 + 5-18° + 6 


0-7014 
0-6948 
0-6827 
0-7066 


[a]éass- [a]e03- 


“70° 


6-62 
6-71 
6-71 


[a] 5780. [a}Ss61- [a]508e- [a]ésse-  O435e/%gg03- 

+ 7-10° + 7-95° + 933° + 12-6° 1-60 
— 7-87 9-32 12-9 1-63 
7-00 7-89 9-21 12-6 1-60 
6-94 7°74 9-17 —_ — 
6-97 7-93 oo 12-8 1-61 


* Recooled. 


Refractive indices, ny. 


1-3990 1-4002 


1-4009 1-4024 


TABLE VIII. 


Specific Rotatory Powers of (+)-y-Methyl-n-heptane in Various Solvents (1 = 1). 


c. 
4-842 
4-476 
4-359 
2-179 


[a]6ase- 


[a]éeos- [alsve. [alesse [alsoes- [alasse. 


+ 4-13° — + 599° + 682° + 805° + 12-2° 


+ 5-36° 5-36 5-59 7-82 11-8 
4-36 4-59 5-51 6-43 — 
4-59 — 5-05 5-60 — 
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Note on the Reduction of Esters of n-Heptane-y-carboxylic Acid to B-Ethyl-n-hexanol.— 
Since the standard method of reducing the ethyl ester by means of sodium and ethyl 
alcohol (Bouveault and Blanc, Compt. rend., 1903, 136, 1676) failed to produce §-ethyl-n- 
hexanol in yields of more than 15—30%, various modifications of procedure which have, 
from time to time, been suggested were tried. The ethyl ester was reduced by means of 
sodium and n-butyl or tsoamyl alcohol; the n-butyl, isoamyl and phenyl esters were reduced 
with sodium and -butyl, tsoamyl, and ethyl alcohols respectively (Rupe and Lauger, 
Helv. Chim. Acta, 1920, 3, 272); the ethyl ester in toluene solution was reduced with 
powdered sodium and specially dried ethyl alcohol (Ford and Marvel, “‘ Organic Syntheses,” 
Vol. X, 62). The various yields obtained are given below. 


Ester. Alcohol. Yield, %. Ester. Alcohol. Yield, %. 
Bthryl  ...ccc0s0 Ethyl 99% 25 n-Butyl ......... n-Butyl 23 
oe aeealiadllt » _ (specially dried) + 23 isoAmy] ......... isoAmyl 30 
C,H, or PhMe WENGE wésesnvss Ethyl 38 
enevadias n-Butyl 60 
pyeseenes isoAmyl 37 


Unfortunately, when the reduction of ethyl (—)-n-heptane-y-carboxylate was effected 
by means of sodium and -butyl alcohol, the resultant (—)-8-ethyl-n-hexanol possessed a 
rotatory power only 20% of that of the alcohol produced by an alternative method of 
reduction. 

This extensive racemisation suggests that, during the reduction of carboxylic esters by 
means of sodium and alcohol, the following reaction must occur to a considerable extent : 


R H R ONa 
D4 Ms eK 4+ R’OH 
R,“ CO,R R/ R 


Support for this view was provided by the following experimental results: Ethyl (—)-n- 
heptane-y-carboxylate was heated under reflux for 3 hours with sodium u-butoxide in n- 
butyl alcohol and the recovered (—)acid possessed only 20% of its original optical activity ; 
(—)-6-ethyl-n-hexanol, after being heated under reflux for 3 hours with a solution of 
sodium -butoxide in n-butyl alcohol, retained 80% of its original optical activity. 

It thus appeared desirable to effect the reduction of the optically active ester in a non- 
alkaline medium, and accordingly Prins’s method (Rec. Trav. chim., 1923, 42, 1050) of using 
sodium and cold, very dilute acetic acid in the presence of sodium acetate-was adopted. 


EXPERIMENTAL. 


dl-n-Heptane-y-carboxylic Acid.—(a) Potassium permanganate (340 g.) in water (3000 c.c.) 
was added to a well-stirred mixture of commercial §-ethyl-n-hexanol (130 g.) and sodium 
hydroxide (30 g.) dissolved in water (250c.c.). After 12 hours’ stirring, the mixture was acidified 
with sulphuric acid and sulphur dioxide, and extracted with ether; this yielded n-heptane-y- 
carboxylic acid (107 g. = 74%); b. p. 119—121°/14 mm., b. p. 218°/760 mm., m}®° 1-4255. 

(b) Potassium permanganate (150 g.) in water (2500 c.c.) was added to a well-stirred mixture 
of a-ethyl-n-hexanal (a commercial specimen, b. p. 158—160°, 128 g.), anhydrous sodium 
carbonate (23 g.), and water (300 c.c.). After 7 hours’ stirring, n-heptane-~y-carboxylic acid 
(113 g. = 78%) was obtained. 4 

(—)-n-Heptane-y-carboxylic Acid.—Quinine (324 g.) was dissolved in a hot solution of the 
dl-acid (144 g.) in 50% aqueous acetone (1500 c.c.), and the salt which separated overnight was 
recrystallised six times from aqueous acetone. The resulting quinine (—)-n-heptane-y- 
carboxylate (140 g.) had m. p. 64—65°; [a]sg93 —112-0°, [a] 54g. — 136-0°, [a]s53 — 270° (c, 
5-084; | = 2, in ethyl alcohol); on decomposition it yielded the (—)acid, b. p. 218—220°, the 
rotatory powers of which are recorded in Tables I and ITI. 

(+)-n-Heptane-y-carboxylic Acid.—The dextrorotatory acid (80 g.), obtained by decompos- 
ition of the more soluble fractions of the quinine salt described above, was combined with 
cinchonidine (161 g.) in aqueous-acetone solution; the resulting salt after four recrystallisations 
from aqueous acetone yielded the cinchonidine salt of (+-)-n-heptane~y-carboxylic acid (135 g.), 
m. p. 67—69°; [a]se93 — 74°8°, [a]sse. — 89°1°, [a]essg — 165-5° (c, 4-646; 7 = 2, in ethyl 
alcohol). The (+)acid obtained from this salt had b. p. 218—220°, df" 0-9064; its rotatory 
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powers are included in Table I. Its ethyl ester, prepared in excellent yield by the Fischer- 
Speier method, had b. p. 96—97°/35.mm., nj” 1-4185, dil’ 0-8641; its rotatory powers are given 
in Table ITI. 

(+)-8-Ethyl-n-hexanol was prepared according to Prins’s method (loc. cit.) : ethyl (+)-n- 
heptane~y-carboxylate (34 g.) in ether (100 c.c.) was mixed with a solution of sodium acetate 
(28 g.) in water (30 c.c.), and sodium (25 g.) in small pieces was added from time to time 
during 5 days, the reaction mixture being kept at 0° and maintained slightly acid by additions 
of 80% acetic acid. Several such experiments were carried out, and the combined products 
worked up; two main fractions were obtained, b. p. 84—92°/18 mm. (80 g.) and b. p. 117— 
137°/3 mm, (23 g.). Saponification of the former with alcoholic sodium hydroxide (150 c.c. of 
3n) yielded (+-)-6-ethyl-n-hexanol (15 g.), b. p. 92—94°/22 mm., nj” 1-4325; its rotatory powers 
are given in Tables V and VI. Acidification of the sodium hydroxide solution yielded (+ )-n- 
heptane-y-carboxylic acid (52 g.), the rotatory powers of which were 97% of that of the original 
acid. 

(+)-8-Ethyl-n-hexyl iodide, obtained by heating a mixture of (+-)-8-ethyl-n-hexanol (18 g.), 
red phosphorus (1-5 g.), and iodine (17-6 g.) at 150° for 3 hours, had b. p. 100—103°/18 mm., 
ny 1-4938, and afgss + 3-13°, aff + 3-27° (1, 0-5). [Levene, Rothen, and Meyer, J. Biol. 
Chem., 1936, 115, 412, give for the (—) iodide: nj" 1-4897, a285, — 3-46° (i, 1-0).] 

(+)-y-Methyl-n-heptane.—Zinc dust (27 g.) was added to a solution of the (+)iodide 
(18 g.) in glacial acetic acid (150 c.c.), and the mixture heated on the steam-bath until the zinc 
was almost completely dissolved (7 hours). On working up, there was obtained (+)~y-methyl- 
n-heptane, b. p. 115—122°, a}, + 1-21°, af§, + 136° (J, 0-25). After being heated at 100° for 
3 hours in the presence of sodium, this had b. p. 115—118° (3 g.), n}® 1-4000 (Smittenburg, Hoog, 
and Henkes, J. Amer. Chem. Soc., 1938, 60, 18, give n>” 1-3988; and Levene, J. Biol. Chem., 
1922, 54, 351, gives nz” 1-3980), and almost unaltered rotatory powers (see Table VII) (Found: 
C, 84:3; H, 15-8. Calc.: C, 84-2; H, 15-8%). 

n-Butyl dl-n-heptane~y-carboxylate, prepared by the Fischer-Speier method in 82% yield, 
has b. p. 110—111°/18 mm., nj" 1-4225 (Found: C, 71-9; H, 12-0. C,,H,,O, requires C, 72-0; 
H, 12-0%); the isoamyl ester, prepared similarly in 84% yield, has b. p. 120—121°/16 mm., 
nie” 1-4247 (Found: C, 72-8; H, 12-2. C,,;H,,O0, requires C, 72-8; H, 12-2%); and the phenyl 
ester, prepared by the action of the acid chloride on a solution of phenol in pyridine (yield 70%), 
has b. p. 188—141°/12 mm., ~}* 1-4818 (Found : C, 76-7; H, 9-2. C,,H,O, requires C, 76-4; 
H, 9-1%). 

po Resolution of dl-8-Ethyl-n-hexanol.—The commercial alcohol (b. p. 180—181°, 
65 g.) was heated for 2} hours on the steam-bath with a suspension of phthalic anhydride (74 g.) 
in pyridine (40 g.); dl-f-ethyl-n-hexyl hydrogen phthalate (140 g.) was obtained as a crystalline 
mass, m. p. 14—16° (Found: C, 68-7; H, 8-1; M, 283, by titration with NaOH. C,,H,,0, 
requires C, 69-0; H, 8-0%; M, 278). Ina similar manner the hydrogen 3-nitrophthalic ester, 
m. p. 108—110°, was prepared and, by the usual method, the p-xenylurethane, m. p. 81—82°. 
For the last two compounds m. p.’s 107—108° and 80°, respectively, are recorded by Morgan, 
Hardy, and Procter (J. Soc. Chem. Ind., 1932, 51, 7). 

Decomposition of brucine 6-ethyl-n-hexyl phthalate which had been recrystallised five times 
from acetone yielded a hydrogen phthalic ester with [a]5.4¢, + 1-73° (c, 5-0; 1 = 2, in carbon 
disulphide), which on hydrolysis gave (—)-f-ethyl-n-hexanol, b. p. 178—179°, with «f%, — 0-11°, 
353 — 0°27° (1, 0-5). 
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144. The Resolution of Inactive Alcohols by Means of their Esters 
with Tartranilic Acid. 


By F. Barrow and R. G. ATKINSON. 


The optical resolution of inactive alcohols has been accomplished by the crystal- 
lisation of their (+-)-tartranilic esters, which are prepared by the interaction of the 
alcohols with (+)-tartranil in the presence of sulphuric acid. 


ALTHOUGH the possibility of resolving inactive alcohols by the crystallisation of their 
esters with an optically active acid was suggested over forty years ago by Frankland 
(Pasteur Memorial Lecture, 1897, 696), the first successful application of the method was 
not described until Pickard and Littlebury (J., 1906, 89, 467) resolved «-phenyl-a-4-hydr- 
oxyphenylethane and ac-tetrahydro-8-naphthol (ibid., p. 1254) by means of the (—)-menthyl 
carbamates prepared by the direct combination of the alcohols with (—)-menthylcarbimide. 
The method received no further attention until Read and Grubb (J., 1931, 188) effected 
a complete resolution of inactive menthol by the crystallisation of its esters with (+)- 
and (—)-camphor-19-sulphonic acids. A considerable improvement in the method was 
the introduction of (+)- and (—)-menthoxyacetic acids, the esters of which differ from 
those of camphor-10-sulphonic acid in being readily hydrolysed by alkali. By means of 
these acids the complete resolution of inactive menthol (Read and Grubb, J. Soc. Chem. 
Ind., 1932, 51, 329T) and neomenthol (Read and Grubb, J., 1933, 167) has been effected. 
More recently, Fujise and Nagasaki (Ber., 1936, 69, 1893) have employed (—)-menthoxy- 
acetic acid for the resolution of demethoxymatteucinol and 7-hydroxyflavanone. The 
resolution of inactive menthol has also been accomplished by means of its ester with 
(—)-menthylglycine (Clark and Read, J., 1934, 1775), the free ester yielding the 
(+-)-alcohol, and the sulphate of the ester, the (—)-alcohol. 

Methyl and ethyl (+)-tartranilates, prepared some years ago by one of the authors 
by Casale’s method (Gazzetta, 1917, 47, 373), were well-defined solids which crystallised 


CH(OH)-C CH(OH)-CO-NHPh 
CH(OH)-C CH(OH):CO,R 


readily from the common solvents. The possibility therefore suggested itself of utilising 
the esters of tartranilic acid for the resolution of inactive alcohols. ®-n-Octyl alcohol 
was accordingly converted into its (+-)-tartranilate by heating with (+)-tartranil and 
sulphuric acid; crystallisation of the ester from isopropyl alcohol furnished (—)-f-n-octyl 
(+-)-tartranilate in a pure condition, from which (—)-f-n-octyl alcohol, having the full 
activity, was obtained by hydrolysis. 

(—)-6-n-Amyl alcohol, (—)-6-n-hexyl alcohol, and (—)-menthol were isolated in a pure 
condition by the same method: the dextrorotatory forms of the first two alcohols were 
prepared by Pickard and Kenyon (J., 1911, 99, 45). Complete resolution of the tartranil- 
ates of sec.-butyl and §-methyl-n-butyl alcohols failed on account of the formation of 
mixed crystals of the diastereoisomeric esters; ¢.g., 6-methyl-n-butyl alcohol gave a 
tartranilate which, on crystallisation, had a constant rotation, but the alcohol obtained from 
it by hydrolysis had [«]:§, only + 3-6°, whereas the pure lzvo-alcohol has [a]%%,— 5-9°. 

Attempts to prepare the tartranilates of a-terpineol and «-phenylethyl alcohol were 
unsuccessful owing to the readiness with which the alcohols underwent dehydration. 


H,SO, 
O>NPh + ROH —> 


EXPERIMENTAL. 


Preparation of (+-)-Tartranil.—Aniline (1860 g.) was slowly stirred into an almost saturated, 
hot aqueous solution of (+)-tartaric acid (3000 g.) : when cold, the aniline hydrogen tartrate 
was broken up, air-dried, and heated for 8 hours at 140°. Crystallisation from glacial acetic 
acid furnished 2700 g. of (+)-tartranil in yellowish plates, m. p. 257° (decomp.), having 
[]2855 + 130° (c = 1-580, / = 2) in methyl alcohol (cf. Casale, loc. cit.). 

Resolution of 8-n-Amyl Alcohol.—(+)-Tartranil (100 g.) was heated with a solution of 
concentrated sulphuric acid (3 c.c.) in B-”-amyl alcohol (200 c.c.) on the steam-bath with 
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mechanical stirring: after 16 hours, the greater part of the tartranil had dissolved. Light 
petroleum (100 c.c.; b. p. 40—60°) was added to the cooled mixture and after 1 hour the 
precipitate of unchanged tartranil and a small amount of the tartranilic ester was collected 
and extracted twice with boiling benzene (100 c.c.), in which the tartranil was insoluble. The 
benzene extracts and petroleum filtrate were combined and the solvents, together with the 
excess of the alcohol, were removed by distillation under diminished pressure. The ester was 
precipitated from the residue by the gradual addition of light petroleum (2 1.), and after three 
crystallisations from isopropyl alcohol gave (—)-f-n-amyl (+-)-tartranilate (11-5 g.) in rosettes 
of slender needles, m. p. 114°, [o]2%, + 92-4°, [a]28, + 76-9° (c = 2-003, / = 2) in alcohol, 
this value remaining unchanged on further crystallisation (Found: N, 4:8. C,;H,,0,;N 
requires N, 49%). The ester was heated on the steam-bath for 1 hour with aqueous 
potassium hydroxide (35 c.c. of 20%). An ethereal solution of the product, after being 
washed with dilute hydrochloric acid in order to remove aniline formed in the hydrolysis, and 
dried over potassium carbonate, furnished, on distillation, (—)-f-n-amyl alcohol (2-6 g.), b. p. 
119—120°, di” 0-814, [a]}5g, — 15-53°, [a]iSs — 13-4° (cfSg, 12-64°, ofS, 10-99°; 2 = 1). 
Pickard and Kenyon (loc. cit.) give for the (+-)-alcohol [«]3?%, + 13-7°. 

Resolution of B-n-Hexyl Alcohol.—The inactive alcohol (b. p. 1835—136°) was obtained in 
66% yield by slowly adding acetaldehyde (60 g.) to a mechanically stirred Grignard solution 
prepared from u-butyl bromide (140 g.) and ether (400 c.c.); after being heated for 20 
minutes, the solution was decomposed with dilute sulphuric acid. Pickard and Kenyon (loc. 
cit.), using n-butyl iodide, record a yield of only 10%, but give no experimental details. The 
product obtained by heating (+-)-tartranil (70 g.) with the alcohol (100 g.) in the presence of 
concentrated sulphuric acid (1-5 c.c.) for 3 hours at 120° was diluted with light petroleum 
(200 c.c.; b. p. 40—60°) and, after 30 minutes, the precipitate, consisting mainly of unchanged 
tartranil, was removed by filtration. The ester was precipitated from the filtrate by the 
gradual addition of light petroleum (3 1.), combined with that obtained by extracting the 
tartranil with benzene, and fractionally crystallised first from benzene and finally from iso- 
propyl alcohol. The less soluble fractions yielded (—)-B-n-hexyl (+-)-tartranilate (9-5 g.) in 
pearly plates, m. p. 124°, [a]}%j, + 93°3°, [a]%so + 81-6° (c = 2-052, 7 = 2) in alcohol (Found : 
N, 4:7. C,,H,;0;N requires N, 45%). On hydrolysis with aqueous potassium hydroxide, 
the ester yielded (—)-8-n-hexyl alcohol, b. p. 136—137°, d}®° 0-8178, a8, — 11-02°, a}8, — 9-85°, 
[a] $51 — 13-48°, [x] foo — 12-04° (2 = 1). Pickard and Kenyon (loc. cit.) give [«]}%, + 11-6° 
for the (+-)-alcohol. 

Resolution of B-n-Octyl Alcohol.—(+-)-Tartranil (100 g.), B-n-octyl alcohol (200 c.c.), and 
concentrated sulphuric acid (3 c.c.) were heated on the steam-bath for 24 hours, and the 
product worked up in the same manner as the B-u-amy]l ester; the yield of crude ester was 66 
g. and 39 g. of tartranil were recovered. After three crystallisations from isopropyl] alcohol, 
(—)-B-n-octyl (+-)-tartranilate (15 g.) was obtained in lustrous plates, m. p. 126°, having 
constant rotations of [«]?%j, + 85-3° and [a]2{, + 70-9° (c = 2, J = 1) in alcohol (Found: C, 
64-0; H, 8-0; N, 43. C,,H,,O,;N requires C, 64-1; H, 8-0; N, 4:2%). 

The ester was heated for 30 minutes on the steam-bath with aqueous potassium hydroxide 
(30 c.c. of 20%); an ethereal extract of the product, after removal of aniline by shaking with 
dilute hydrochloric acid, furnished (—)-f-n-octyl alcohol (3-2 g.), b. p. 95°/25 mm., di%* 0-825, 
(o]285, — 11-5°, [x]#85, — 9-7°. 

Resolution of dl-Menthol_—A mixture of (+-)-tartranil (70 g.), inactive menthol (100 g.), 
and sulphuric acid (1 c.c.) was heated on the water-bath for 24 hours. The precipitate 
obtained by the addition of light petroleum gave, on extraction with benzene, 46 g. of 
unchanged tartranil and 7 g. of the tartranilic ester. The filtrate, on further dilution with 
light petroleum (3-5 1.), deposited 18 g. of the ester. Fractional crystallisation of the combined 
crops from isopropyl alcohol furnished (—)-menthyl (+-)-tartranilate (7 g.) in needles, m. p. 
131°, [a]24g, + 33-16°, [a]3f93 + 29-85° (c = 1-96, 2 = 2) in alcohol (Found: N, 4-0. C,,H,,O;N 
requires N, 3-9%). The (—)-menthol isolated from the ester by hydrolysis had b. p. 89°/2 
mm., m. p. 43°, [«]§f, — 58-7°, [aJ}i§, — 51-4° (c = 1-976, J = 2) in alcohol. 

Experiments with B-Methyl-n-butyl Alcohol._—The interaction of (+-)-tartranil (100 g.) with 
the alcohol (200 c.c.) and sulphuric acid (6 c.c.) was carried out at 120° for 45 minutes. After 
removal of unchanged tartranil by the addition of benzene (500 c.c.) the solution was freed 
from acid by washing with water, dried, and evaporated under diminished pressure. The 
residue, crystallised twice from benzene containing a little alcohol (5%), furnished B-methyl-n- 
butyl (+)-tartranilate (45 g.) in long slender needles, m. p. 123—124°, [a]fig, + 111-2° (c = 
2-308, 7 = 2) in alcchol, the rotation being unchanged by further crystallisation (Found: C, 
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60-9; H, 7-3. C,,H,,0,;N requires C, 61:1; H, 7:1%). On hydrolysis, the ester yielded a 


partially active (+)-§-methyl-n-butyl alcohol, b. p. 130°, dj 0-816, [aJi%. + 3-75°, [a]}%i0 
+ 3-63°; the optically pure (—)-alcohol has [«]}§{,, — 5-90° (Marckwald and McKenzie, Ber., 
1901, 34, 485). 

Gradual addition of bromine (10 g.) to a well-cooled solution of the original crude ester 
(20 g.) in glacial acetic acid (100 c.c.), followed by dilution with water, yielded B-methyl-n-butyl 
(+-)-p-bromotartranilate, which, after two crystallisations from isopropyl alcohol, formed pearly 
plates, m. p. 144°, having a constant rotation [a]}%, + 95°6° (c = 2-06, J = 2) in alcohol 
(Found: N, 3-9; Br, 21:3. C,,;H,,O;NBr requires N, 3-8; Br, 21-4%). The ester contaiged 
a slight preponderance of the ~-bromotartranilate of the (—)-alcohol, and, on hydrolysis, gave 
p-bromoaniline (m. p. and mixed m. p. 66°) together with (—)-8-methyl-n-butyl alcohol, b. p. 
130°, «215, — 1:31° (i= 1). The ester isolated from the more soluble fractions had [«]}%, + 90-4° 
(c = 2-02, ] = 2) in alcohol and gave a dextrorotatory $-methyl-n-butyl alcohol, «3%, ++ 1-50° 
(2 = 1). 

Experiments with B-n-Butyl Alcohol.—A mixture of the inactive alcohol (100 c.c.), (+)- 
tartranil (70 g.), and sulphuric acid (5 c.c.), after being heated for 24 hours on the steam-bath, 
furnished 62 g. of 6-n-butyl (+-)-tariranilate, m. p. 128°, which showed a constant rotation 
[a}381 + 119-7° (c = 2-005, 1 = 2) in alcohol after two crystallisations from benzene containing 
a little alcohol (Found: N, 5-2. C,,H,,0;N requires N, 5-0%). On hydrolysis, the ester 
gave a feebly active 6-butyl alcohol, d?” 0-806, [a]#%,, — 0-27° (J = 1). 

(+)-8-Butyl (+-)-tartranilate was prepared in the usual manner from optically pure (+-)-f- 
butyl alcohol, [«]?%, + 15-82°, [a]#% + 14-07°, dj 0-806, obtained by the resolution of the 
hydrogen phthalate of the inactive alcohol by means of its brucine salt (Pickard and Kenyon, 
J., 1913, 108, 1923). It crystallised from benzene in pearly plates, m. p. 128°, and had a 
much higher rotation, []2%, + 134-3°, [a]2so + 117-6° (c = 2-006, J = 2) in alcohol, than any 
of the fractions obtained in the crystallisation of the tartranilate prepared from the inactive 
alcohol (Found: N, 5-1. C,H gO,;N requires N, 5-0%). 


BIRKBECK COLLEGE, Lonpon, E.C. 4. [Received, February 17th, 1939.) 








145. The Dissociation Constants of the Isomeric Halogenobenzoic and 
Nitrobenzoic Acids. 


By H. O. JENKINS. 


A linear relation has been found between the logarithm of the dissociation constant 
and the electric intensity due to the substituent dipole in each halogenobenzoic acid 
series and in the nitrobenzoic acids. The o-acids are now considered, in the light of 
the above relation, to have quite normal dissociation constants, and the co-ordinate- 
bond hypothesis is not needed in these equilibrium studies. The slope of the line 
connecting electric potential and logarithm of the dissociation constant has been 
evaluated, with good agreement between theory and experiment. An approximate 
equation has been suggested for the dissociation constant of a halogen- or nitro-substi- 
tuted benzoic acid in terms of various constants and the variable potential. 


THE introduction of a substituent into an organic acid produces a change in the acidity as 
measured by the dissociation constant, and attempts have been made to correlate such 
changes with the polar properties of the substituted atom or group. For example, Dippy and 
Watson (Chem. and Ind., 1935, 54, 735; J., 1936, 436), following Nathan and Watson 
(J., 1933, 890), showed that for m-substituted benzoic and phenylacetic acids 
log K, = log K, — x(u + ap”) 

where K, and K, are the dissociation constants of substituted and unsubstituted acids, 
x and a are constants for a series, and p is the electric dipole moment in Debye units of the 
corresponding monosubstituted benzene. These relations apply to thermodynamic 
dissociation constants, 7.e., Ostwald constants corrected for activities and mobilities, and 
vapour values of dipole moments. 

Another correlation has been suggested by Dippy (Nature, 1937, 139, 591), viz., that a 
linear relation exists between the dipole moments of the appropriate monosubstituted 
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benzenes and the dissociation constants of m-substituted benzoic, phenylacetic, and 
8-phenylpropionic acids. m-Acids are used in these correlations to avoid complicating 
factors, if any exist, such as electromeric and steric effects. 

Relations such as these have many advantages. It is conceivable that prediction of 
one property from another may be possible in cases where measurement presents difficulty. 
Again, a clue may be given to the underlying physical phenomena. This paper suggests 
further correlations. 

From the method of plotting used by Watson and his co-workers it is clear that they 
did not intend their relation to include o- and #-derivatives with their m-isomers. On such 
graphs the abscissa would be the same for the three isomers, unless some correction is 
made for distance and direction, and the ordinates vastly different. It is emphasised that 
no satisfactory relation is on record between the dissociation constants of unsubstituted 
and the three isomeric substituted acids with some function of the group moment of the 
substituent. That such a relation should be found is most important for many reasons, one 
being in counexion with the so-called ortho-effect. It is often stated that the strengths of 
o-substituted benzoic acids are abnormally high, and a chelation process has been suggested 
(Dippy, Evans, Gordon, Lewis, and Watson, J., 1937, 1421) to account for the abnormality. 
However, the grounds upon which abnormality is ascribed are not clear. o0-Toluic acid 
obviously has an abnormally high dissociation constant, since this is almost twice as great 
as that of the unsubstituted acid and the methyl group in the m- and #-positions normally 
depresses the acidity. Whether o-chlorobenzoic acid (K,/K, = 18-2) has an abnormally 
high constant does not seem self-evident, since there are no means of predicting the normal 
value. 

Some time ago Wynne-Jones (Chem. and Ind., 1933, 52, 273) suggested that organic acids 
of the same type did not show the same order of strengths in all solvents. One criticism 
made was that o-substituted acids were compared with their m- and #-isomers, whereas 
they should be omitted in a general discussion. The validity of this objection is now 
examined. 

Smallwood (J. Amer. Chem. Soc., 1932, 54, 3048) has elaborated an electrostatic theory in 
an attempt to account for dissociation-constant changes. However, his calculations 
require a knowledge of the extent to which free rotation of the acid group takes place with 
respect to the rest of the molecule in, say, o-nitrobenzoic acid. Restricting ourselves to the 
halogen- and nitro-substituted benzoic acids, a simpler method than that used by Small- 
wood is to consider the carbon atom to which the carboxyl group is attached as the impor- 
tant centre determining the free energy of ionisation. This is equivalent to regarding the 
C-CO,H system as a more or less perfect conductor or equipotential surface, and our 
difficulties regarding free rotation in the benzoic series vanish. 

Now the field intensity in a vacuum at this carbon atom due to a small dipole whose 
centre is y cm. away and whose axis is inclined at an angle @ to 7 is 


F = u(l + 3 cos? 6)#/r3 


In a medium of dielectric constant e we should have to divide by «, but this is not essential 
for the present purpose. This field, which varies with the nature and position of the sub- 
stituent, will alter both the strength of the O-H bond and the internuclear distance (Badger’s 
rule) and thus facilitate or inhibit ionisation. Now, for the groups considered, if no secondary 
influence is at work, or if the inductive effect of the dipole is predominant, some relation 
should exist between F and the dissociation constant, which is, of course, related to the free 
energy of ionisation. To see whether this supposition is justified, values of F have been 
calculated for the acids by using the latest vapour values of dipole moments, due to Groves 
and Sugden and others, and values of 7 are taken from Pauling and Huggins’s table of 
interatomic distances (Z. Krist., 1934, 87, 205) and from Brockway (Ann. Reports, 1937, 
84, 197) ; 6 in each case has been calculated trigonometrically. The dipole has been assumed 
to be located half-way between the carbon atom of the ring and the first substituent atom. 
Table I gives the results of calculation for unsubstituted benzoic acid and the three bromo- 
substituted acids, and Fig. 1 shows them graphically. Similar results for the iodo- and 
nitro-acids are included in the figure. The C—Br internuclear distance has been taken as 
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1-88 A., and von, as 1-71 D. The dissociation constants, which are thermodynamic, have 
been taken from a table prepared by Dr. J. F. J. Dippy, to be published shortly. 


TABLE I. 


Substituent. 10° K. log K. F. Substituent. 105 K. log K. F. 
(H) 6-27 5-7973 +0-000 m-Br 15-4 4-1875 —0-092 
o-Br 140 53-1461 —0-344 p-Br 10-7 74-0294 — 0-065 


For all the mono-halogeno- and -nitro-benzoic acids, good straight lines are obtained on 
plotting F against 5 + log K, and each line goes through the point for the o-acid, so the 
dissociation constant of any one of these o-acids can be calculated from the constants of 
its two isomers. Better linearity would be obtained if the dissociation constant of the 
p-fluoro-acid were a little higher and that for the #-nitro-acid a little lower. This may be 
correlated with their opposed mesomeric effects, but it is clear that in the cases studied, the 
o-effect is non-existent and the inductive effect of the dipole through space is the predomi- 
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nant factor. The equations to the lines, after conversion of common into Napierian 
logarithms, are given by In K, = In K, — @F, where 6 has the following values : 

DD ONIOTE 00 cscccincccenecesesccutensens F Cl Br I NO, 

ID  siapssswinthantisiancnsinielapiamadiaies 4-99 7-47 8-97 10-81 4-5 
For the halogen acids, the slopes increase gradually from the fluoro- to the iodo-acid. 
Since distances have been expressed in A., and electric moments in D., the absolute value 
of the slope for, say, the iodobenzoic acids is 10-81 x 10. Because the ionisation constant 
varies with temperature, Hammett (J. Chem. Physics, 1936, 4, 613) has suggested that 
entropy and heat-capacity changes may invalidate the comparison of dissociation constants 
of related acids at a fixed temperature. Wynne-Jones (loc. cit.) has argued similarly. There 
may be cases in which these objections have point, but the regularities now presented indi- 
cate that, in our examples, they are second-order effects. Since the o-acids are not now 
believed to be abnormally strong, the co-ordinate-bond hypothesis is not needed to account 
for these equilibrium data, and, of course, it cannot be used for o-fluorobenzoic acid, since 
fluorine cannot expand its valency group of electrons. This must not, however, be taken to 
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prejudice the use of the chelation idea when applied to hydroxy-acids, or even to an activated 
complex to account for some anomalous reaction rates. In the case of the methyl-sub- 
stituted benzoic acids, we are faced with a different situation. The dipole moment of the 
C-CH, link is very small, and the magnitude and sign of F do not play the major part 
in determining the dissociation constant. Inclined groups such as O-H and O-CH, have 
been ignored in this investigation on account of difficulties in calculation. 

Reaction velocity measurements have been made by Williams and Hinshelwood (J., 
1934, 1079), Ingold and Nathan (J., 1936, 222), Evans, Gordon, and Watson (J., 1937, 1430) 
and others to throw light on the inductive effects of groups. Changes in velocity as a 
substituent is changed, say, in the alkaline hydrolysis of benzoic esters, are attributed to 
variations in E or in P, or in both, in the equation k = PZe-*/®", If the preceding ideas 
are correct, we should expect a definite systematic variation of the energy of activation in 
any one reaction as F alters owing to change of substituent or change of position of the 
same substituent. Ingold and Nathan (loc. cit.) find this when the substituent is changed. 
Evans, Gordon, and Watson (loc. cit.) find only slightly lower values for E for o-substityted 
esters than for their m- and p-isomerides. The difference, however, is in the right direction, 
and until a quantitative theory is forthcoming further discussion is unprofitable. j 

There is another instructive method of plotting, for, instead of using the field intensify 
along 7, we can plot the electrostatic potential % = p cos 0/r? at the same carbon atom due to 
the dipole in its various o-, m-, and ~-positions. The relevant data for the chlorobenzoic 
acids are given in Table II, and are plotted in Fig. 2; C-Cl has beén taken as 1-70 a., and 
40,H,01 4S 1-73 D. 


TABLE II, 


Substituent. 10°K.° log K. p. Substituent. 105 K. log K. . 
(H) 6-27 5-7973 0-000 m-Cl 14-8 4-1703 —0-158 
o-Cl 114 3-0569 — 0-355 p-Cl 10-5 4-0232 —0-130 
This type of graph has the following characteristics. All the acids dealt witlt give good 
straight lines going through the points for o-, m-, and p-isomers, but each line does not go 
through the point for the unsubstituted compound. The line for the chlorobenzoic acids 
is represented by the equation 
In K, = In K, — 6-9 — 10-12% 
and the appearance of the constant is to be expected on account of the relation between 
F and yf, viz., 4 = — | F.dr. When electric moments are expressed in electrostatic units 
and distances in cm., the absolute value of the above slope is 10-12 x 10%. Asin the graphs 
of intensity, no ortho-anomaly is found. It is to be specially noticed that for every acid 
the experimental slopes of the lines for potential plotted against Napierian logarithm of the 
dissociation constant are between 10% and 10. Now, since the electric potential is defined 
as the work done to bring up a hydrogen ion from infinity against the field of the dipole, 
and since, in going from ore isomeric compound to another, we can assume entropy and 
work terms to cancel, we would expect the potential slope to approximate to Ne/RT, 
where N is the Avogadro number (6-06 x 10%), e the electronic charge (4:77 x 107° 
e.s.u.), R the gas constant (83 x 10°), and T is the absolute temperature. Evaluation gives 
Ne/RT = 1-1 x 104 at 25°, and this agrees reasonably well with the experimental slopes. 
Approximately, then, we have for the acids 
In K, = In K, — « — (Ne/RT) 
or In K, = In K, — « — (u cos 0/r*)(Ne/RT) 


Dr. H. B. Watson and Dr. J. F. J. Dippy have both read this manuscript and made valuable 
suggestions. 


Tue TECHNICAL COLLEGE, CARDIFF. [Received, February 22nd, 1939.] 
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146. Reactions of Tertiary Bases with Polyhalogeno-paraffins. 
By W. CuLe Davies, (Miss) ELAINE B. Evans, and H. R. WHITEHEAD. 


The densities, refractive indices, and viscosities of binary mixtures of dimethyl- 
aniline and methylene dichloride or chloroform show little departure from ideal 
behaviour. Trimethylamine and triethylamine in the presence of air or oxygen react 
readily with bromoform in ethereal or xylene solution, giving the hydrobromide of the 
base and formaldehyde or acetaldehyde, respectively, as main products. Chloroform 
does not react with trimethylamine under these conditions. 


NUMEROUS physicochemical investigations have shown that chloroform and other poly- 
halogeno-paraffins form complexes with ethers. The structures given by Earp and 
Glasstone (J., 1935, 1709) for the compounds of ether with chloroform and carbon tetra- 
chloride are R,O->H-CCl, and R,O+>CI-CCl,. On the other hand, a compound of ether 
with, e.g., methyl chloride, would probably be given an oxonium salt structure. In an 
attempt to obtain further information on these structures, we commenced a study of the 
systems formed between tertiary amines and polyhalogeno-paraffins, since tertiary amines 
have greater donor power than ethers, and the number of possible compounds would be 
less, as the amine has only one lone pair of electrons. The results obtained were unexpected 
and the work has been abandoned, but in view of recent papers by Zellhoefer, Copley, and 
Marvel (J. Amer. Chem. Soc., 1938, 60, 1337) and by Hammick, Norris, and anne tes 
1938, 1755), our results are recorded. 

Determinations of the densities, refractive indices, and viscosities of binary intunes of 
dimethylaniline with methylene dichloride or chloroform at several temperatures showed 
that there was little departure from ideal behaviour. Deviations in the viscosity measure- 
ments could be explained by association. Similarly, cryoscopic and ebullioscopic measure- 
ments gave no indications of unusual behaviour. 

Trimethylamine and triethylamine, however, in the presence of air or oxygen, reacted 


readily with bromoform in ethereal or xylene solution at room temperature, the main 
products being the hydrobromide of the base and formaldehyde or acetaldehyde, respectively. 
Chloroform and carbon tetrachloride, on the other hand, were unaffected under these 
conditions. Again, carbon tetrabromide reacted with trimethylamine with production 
of an unidentified crystalline solid and formaldehyde. It is noteworthy that triethyl- 
phosphine reacts with chloroform and carbon tetrachloride, giving quaternary phosphonium 
salts, e.g., CCI[P(C,H,)sCl], (Hantzsch and Hibbert, Ber., 1907, 40, 1508). 


EXPERIMENTAL. 


Methylene dichloride, chloroform, and bromoform were thoroughly washed with water, 
dried over calcium chloride, and fractionally distilled (bromoform under diminished pressure). 
They were kept in the dark, and were only used if they gave no indication of free hydrogen 
halide. Dimethylaniline, purified by treatment with acetic anhydride, was fractionated. 
Liquid trimethylamine was distilled through a tube containing solid potassium hydroxide into 
the reaction vessel. 

The mixtures of the organo-chlorides and dimethylaniline were made up by weighing. 
Densities are corrected for buoyancy of the air, and were determined in a 10-c.c., glass-capped, 
Ostwald pyknometer. Refractive indices were taken in a Zeiss—Pulfrich refractometer. Vis- 
cosities were determined in a U-tube viscometer for pipette filling, No. 0 (British Standards 
Institution, No. 188, 1937), standardised with water. The kinetic-energy correction was applied, 
and the results are expressed in centipoises. 

The densities and refractive indices of the methylene dichloride—- and chloroform—dimethy]l- 
aniline mixtures, when plotted against the volume % of methylene dichloride or chloroform, 
fall accurately on a straight line. When the viscosities of the methylene dichloride—dimethyl- 
aniline mixtures are plotted against the volume % of the former, there is considerable departure 
from linearity, but plotting against g.-mols. % gives a linear relation, though there is a slight 
deviation at the lower temperature. With chloroform—dimethylaniline mixtures the deviation 
in the volume % plot is smaller than with methylene dichloride, though when the results are 
plotted against weight % the deviations are very small. The graph of log y against volume % 
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is very closely linear in this case. The deviations can be explained by association of one or both 
of the constituents. 


Dimethylaniline and methylene dichloride at 25°. 
12-85 26-37 37-92 49-68 59-00 68°78 76-78 84-12 92:30 100 


0-9886 1-0250 1-0614 1-1019 1-1359 1-1739 1-2073 1-2401 1-2790 1-3181 
1-090 0-935 0-815 0-712 0-641 0-578 0-532 0-491 — 0-414 
1-5419 1-5276 1-5138 1-4992 1-4868 1-4726 1-4615 1-4493 1-4356 1-4220 


Dimethylaniline and methylene dichloride at 0°. 


18-48 37-67 57-33 79°83 100 


1-0246 1-0864 1-1598 1-2579 1-3620 
1-562 1-167 0-893 0-675 0-531 
1-5484 1-5266 1-5017 1-4697 1-4361 


Dimethylaniline and chloroform at 25°. 
15-35 29-11 40-40 52-00 60-09 69-28 78:06 85-59 92:89 100 


1-0065 1-0610 1-1114 1-1677 1-2108 1-2637 1-3186 1-3689 1-4234 1-4794 
1195 1-093 1-006 0-914 0-848 0-775 — 0-645 0-590 0-537 


1-5442 1-5323 1-5218 1-5097 1-5005 1-4896 1-4780 1-4669 1-4556 1-4437 


Dimethylaniline and chloroform at 40°. 


14:39 33-75 50-24 64:17 77:50 89:35 100 


0-9894 1-0660 1-1412 1-2140 1-2929 1-3715 1-4501 
0-966 0-861 0-765 0-682 0-602 0-528 0-465 


15385 1-5217 1-5053 1-4894 1-4720 1-4538 1-4357 


Measurements by Weissenberger, Schuster, and Lielacher (Sitzungsber. Akad. Wiss. Wien, 
1925, 184, Abt. 2B Chemie, 301) of the vapour pressures of mixtures of chloroform and dimethyl- 
aniline were considered to indicate the formation of a 1:1 molecular compound. The high 
solubility of dichlorofluoromethane in dimethylaniline suggests the formation of a hydrogen 
bond (C—H~<-N) according to Zellhoefer, Copley, and Marvel (loc. cit.). 

Most substances behave abnormally in freezing dimethylaniline, and the cryoscopic constant 
apparently decreases with increasing concentration in a range of from 8 to 3 (Ampola and 
Rimatori, Gazzetta, 1897, I, 27, 51). The mean value of K = 5-8 given by these authors is, 
therefore, subject toconsiderable uncertainty. Using pure chlorobenzene as solute, we found that 
extrapolation of the K values, obtained for a series of concentrations, to zero depression gave a 
value of K = 7-0 as the cryoscopic constant of dimethylaniline. This value was supported by 
the results of some preliminary measurements of the latent heat of fusion of dimethylaniline, 
from which a value of K = 6-8—7-2 was calculated. The value K = 5-8 must be taken as low. 
There is, however, some difficulty in obtaining constant freezing points with dimethylaniline 
solutions, With the cryoscopic constant, K = 7-0, methylene dichloride, chloroform, and 
bromoform appear to be associated in freezing dimethylaniline : Found: average values of M, 
130, 162, 281. Calc.: 85, 119, 253, respectively. 

The behaviour of dimethylaniline (M = 121) in boiling methylene dichloride (K = 2-6; 
Walden, Bull. Acad. Imp. Sci. Petrograd, 1915, 9, 1485) and chloroform (K = 3-8; Centnerszwer 
and Lazniewski, Z. physikal. Chem., 1932, A, 160, 257) was found to be almost normal. 


7-679 13-90 25-19 36-25 
0-145° 0-288° 0-508° 0-772° 
125-5 128-9 122-1 
9-886 24-06 32-41 
0-328° 0-780° 1-040° 
114-5 117-2 118-4 


When trimethylamine (0-14 g.-mol./l.) was mixed with chloroform (large excess) in 90% 
acetone, there was a slight fall in the concentration of the base (determined by titration with 
standard hydrochloric acid), but subsequent readings remained constant. No precipitate 
appeared even after 1 month in a mixture of trimethylamine and excess of chloroform in ether. 
There was still no precipitate when oxygen was bubbled through. Chloroform and trimethyl- 
amine, therefore, do not react under these conditions. 

Trimethylamine in 90% acetone (25 c.c.; 0-2819 g.-mol./l.) was mixed with a solution (25 
c.c.) of bromoform (6-25 g.) in 90% acetone. Initially, 6-08 c.c. of this mixture would require 
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17-1 c.c. of n/20-hydrochloric acid; after 10 minutes, 5 c.c. of acid were required, and a 
corresponding amount of halide ion was produced. 

When trimethylamine (2-5 g.) and bromoform (8 g.) were mixed with 265 c.c. of ether in an 
open flask, there was an immediate precipitate (2 g.), which, crystallised from alchol, had m. p. 
243° (decomp.; partial sublimation at about 200°) (Found: Br, 57-3. Calc. for NMe;,HBr : 
Br, 57-1%). The main crystalline product is, therefore, trimethylamine hydrobromide. The 
filtrate from the reaction was distilled. The ethereal fraction contained formaldehyde (gallic 
acid—sulphuric acid test; Fenton, J., 1907, 91, 690) ; the liquid remaining was bromoform. There 
was no indication of a fraction boiling higher than bromoform (e.g., tetrabromoethylene). If dry 
trimethylamine vapour was passed into a dry ethereal solution of bromoform in an atmosphere 
of nitrogen, there was no salt precipitation. As soon as oxygen was admitted, precipitation 
commenced and continued rapidly, and there was a considerable evolution of heat. Water 
was added, and the mixture gently warmed. A little carbon dioxide was evolved, showing that 
carbonyl bromide, if produced at all, was only a minor product. With xylene as solvent, 
similar results were obtained. We have failed to find dimethylamine hydrobromide among the 
products. 

Similarly, a mixture of triethylamine (1-4 c.c.) and bromoform (1 c.c.) in ether (25 c.c.) gave 
on admission of oxygen an immediate precipitate of triethylamine hydrobromide. The ethereal 
filtrate was distilled. The first runnings contained acetaldehyde, but did not give the test for 
formaldehyde. 

An ice-cold mixture of trimethylamine (2 g.), carbon tetrabromide (5 g.), and ether (25 c.c.) 
through which oxygen was passed gave after several hours 2-4 g. of precipitate, and the filtrate 
gave the usual test for formaldehyde. The precipitate, m. p. 209—210° (decomp.), is readily 
recrystallised from ethyl alcohol, but has not been identified. 

Crystals of dimethylamine hydrobromide (m. p. 133° from alcohol-ether) slowly appear in a 
mixture of bromoform (5 c.c.), dimethylamine (3 g.), and ether (20 c.c.). The filtrate does not 
give the gallic acid test for formaldehyde. 
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147. Isomorphous Replacement in Hydrated Salis. Part I. The 
Systems CoCl,—CuCl,-H,O; CdCl,—NiCl,-H,0; CdCl,—CoCl,—H,0. 


By Henry Bassett, Jos—EpH H. HENSHALL, GEORGE A. SERGEANT, 
and Rotanp H. SHIPLEY. 


The system CoCl,—CuCl,—H,O at 25° shows only the two simple hydrates CoCl,,6H,O 
and CuCl,,2H,O. The system CdCl,—NiCl,-H,O is very complex at 25° with three 
hydrates of simple salts and six double salts of which two at least must be regarded 
as representing series of solid solutions. The system CdCl,-CoCl,-H,O is generally 
similar to the corresponding nickel system but only three of the types of double salt 
found in that system could be obtained at 25° in the cobalt system; a fourth is obtain- 
able with the help of sodium chloride (see following paper). 


THE system CoCl,-CuCl,-H,O has not been examined previously. We have studied it 
in case it might throw any light on the cobalt chloride colour change. The results are 
given in Table I and show that the only solid phases to occur at 25° are CoCl,,6H,O and 
CuCl,,2H,O. The system CdCl,-CoCl,H,O was examined for the same reason, and 
also because Benfath’s results for this system (Z. anorg. Chem., 1927, 163, 396) were 
so different from those of Bassett and Croucher (J., 1930, 1796) for the system 
ZnCl,-CoCl,-H,O, to which some similarity might be expected, as to make a re-examination 
necessary. The system CdCl,-NiCl,-H,O has now been examined for the first time, as 
we found this essential in order to understand properly the system CdCl,-CoCl,—H,0. 

In both these systems CdCl,,2-5H,O and CdCl,,H,O are found at 25°, but the mono- 
hydrate is metastable towards the 2-5 hydrate over most of the range in which it can 
occur as solid phase. The hydrates CoCl,,6H,O and NiCl,,6H,0 are found in the appropriate 
systems. The double salts which also occur are of great interest. In the nickel system 
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the compounds 4CdCl,,NiCl,,10H,O; 2CdCl,,NiCl,,12H,O; 2CdCl,,NiCl,,6H,O; and 
3CdCl,,2NiCl,,14H,O appear to have an invariable composition. 

In addition to these there are two series of solid solutions. One of these has almost 
exactly the composition required by the formula CdCl,,2NiCl,,12H,O over the extensive 
range in which it occurs as the stable solid phase. When it is followed into the region 
of solutions containing a larger proportion of cadmium chloride, where it is metastable, 
it becomes progressively richer in cadmium. This does not mean that CdCl,,2NiCl,,12H,O 
is one member of a series of solid solutions of which 2CdCl,,NiCl,,12H,O is the other mem- 
ber, for the latter compound has an entirely different crystalline form and the two solubility 
curves cut each other sharply. This matter is discussed in the following paper. 

The second series of solid solutions is more difficult to define for, unlike the one just 
considered, its composition varies throughout the range over which we have been able to 
study it. The method of residues by itself is thus unable to give a definite solution to 
the problem, so we have used two other methods to supplement it. Mercuric chloride 
has been added as an indicator substance, as the mercuric ion was unlikely to replace 
either nickel or cadmium in the solid phase. On this assumption, the amount of mercury 
found in the equilibrium solution and moist solid enabled the amount of solution present 
in the latter to be calculated, and hence the composition of the dry solid. This method 
suffers from the disadvantage that the result obtained is very sensitive to small analytical 
errors. 

The nitrate ion also was tried as an indicator (see following paper), but this too was not 
very satisfactory, and no really satisfactory indicator has been found. 

The best method of all is to obtain the solid phase in a dry state and analyse it in that 
condition. The solid in question crystallises in hexagonal plates and, in spite of the fact 
that it is always in a metastable condition at 25°, it was possible to obtain it in plates 
of several mm. diameter. These were too thin and small, however, to be obtained quite 
dry by means of filter papers, but they could be dried, without decomposition or precipita- 
tion of solid from adhering mother-liquor, by washing with alcohol, or, better, acetone. 
All the above methods agreed in indicating that the hexagonal series of solid solutions 
could be represented as (Cd,Ni)Cl,,2-5H,O, in which there was an average of 2-5 water 
molecules for each atom of metal. The ordinary hydrate of cadmium chloride, CdCl,,2-5H,O, 
is not one constituent of this series of solid solutions, however, as it is crystallographically 
entirely different. The above conclusion is abundantly confirmed by the results ob- 
tained for the solid solutions which contained sodium chloride in addition (see following 
paper). 

It is reasonable to suppose that in the system CdCl,-CoCl,-H,0, double salts correspond- 
ing to all the above nickel salts should be obtainable. It would seem, however, that some 
of them are too unstable at 25° for this to be possible. The two compounds 
4CdCl,,CoCl,,10H,O and 2CdCl,,CoCl,,12H,O have definite ranges of stable existence at 
25°, whereas CdCl,,2CoCl,,12H,O was obtained as a very metastable form by inoculation 
with CdCl,,2NiCl,,12H,O, but it was not possible to decide whether this was to be regarded, 
like the nickel compound, as an end number of a series of solid solutions. 

The investigation of the CdCl,-CoCl,-H,O system was started before that of the nickel 
system, and we were greatly puzzled by the erratic way in which, over a certain range 
of concentrations, a substance separated which crystallised in hexagonal plates. It was 
noticed that it could only be obtained when a certain sample of anhydrous cadmium 
chloride was used in making up the mixtures. It was then found that this sample con- 
tained 1-3% of sodium chloride, and that the presence of a small amount of the latter 
is essential for the formation of the red hexagonal plates which contain sodium chloride. 
The nature of these could not be cleared up satisfactorily until the CdCl,-NiCl,-H,O 
system had been studied, but the investigation of that system and the work described in 
the following paper show that the red hexagonal plates consist of a solid solution 
(Cd,Co)Cl,,2-5H,O in which some of the cobalt has been replaced by sodium. In the 
case of nickel, the pure solid solution (Cd,Ni)Cl,,2-5H,O, free from sodium, can be obtained, 
but this does not appear to be possible in the cobalt series. The results for the systems 
CdCl,-NiCl,-H,O and CdCl,-CoCl,-H,O are shown in Tables II and III and Figs. 1 and 2. 
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The region in which the red hexagonal plates of (Cd,Co)Cl,,2-5H,O were first obtained in 
presence of very small amounts of sodium chloride is included within the oval dotted line 
in Fig. 2. The compound 2CdCl,,CoCl,,12H,O had been obtained by von Hauer 
(Sitzungsber. Akad. Wien, 1855, 17, 331) and by Benrath (loc. cit.). 

The crystallographic examination of the solid phases is extremely important when 
dealing with such complex systems as CdCl,-NiCl,-H,O and CdCl,-CoCl,-H,O. Such 
examinations have been made in all cases, and have been most useful both in distinguishing 
different compounds and in recognising similar compounds in the two systems. 


EXPERIMENTAL. 


Amounts of the various chlorides were weighed out and dissolved in sufficient water by 
heating to give, on subsequent cooling to 25°, about 1—2 g. of solid to 10 g. of solution. The 
mixtures were placed in hard-glass bottles which were closed by corks soaked in paraffin wax 
and finally sealed by applying the melted wax. The bottles were rotated mechanically in 
an electrically controlled thermostat for a few hours to allow equilibrium between solid phase 
and solution to be established. In cases where the solid phase was metastable, it was usually 
advisable to replace mechanical shaking of the bottle by occasional hand shaking over a period 
of time the length of which depended upon the degree of metastability of the solid. 

Cadmium chloride monohydrate persists very tenaciously under conditions where it is 
metastable with respect to the 2-5 hydrate, so inoculation with the latter was often necessary. 
Once the main outlines of the phase-rule diagram had been settled and samples of the various 
solid phases secured, much time could be saved in filling in the details by inoculation of suitably 
chosen solutions with the appropriate solid. This applies, of course, to all phase-rule investiga- 
tions of the type described in this paper. 

The contents of the solubility bottles, when ready for analysis, were filtered with the aid of 
the pump in a jacketed filter-tube through an asbestos pad. Liquid was expressed as com- 
pletely as possible from the moist solid whilst still in the jacketed tube by means of a flattened 
glass rod, and samples of solution and moist solid were weighed out for analysis. It is important 
that only one lot of material should be weighed out for the analysis of the moist solid, since 
the proportion of solid and solution may vary widely in different lots. The one lot is diluted 
to a suitable volume, and portions taken for the several estimations which have to be made. 
Of the materials used in preparing the mixtures, CoCl,,6H,O was “ nickel and iron free ”’; 
NiCl,,6H,O was “‘ cobalt and iron free’’; CuCl,,2H,O and HgCl, were A.R. products, and 
CdCl,,2-5H,O, the purest obtainable, was shown to be free from sodium. As an additional 
precaution to ensure absence of sodium, the CdCl,,2-5H,O and NiCl,,6H,O were recrystallised 
before use. 

Analytical Methods.—Chloride was weighed as silver salt after precipitation from nitric acid 
solution. 

Copper was precipitated as sulphide by means of sodium thiosulphate from solutions strongly 
acidified with sulphuric acid. It was weighed as cuprous sulphide after ignition in hydrogen. 

Cobalt was usually weighed as Co,O, after precipitation by means of «-nitroso-8-naphthol, 
but in the analyses for the system CoCl,—-CuCl,-H,O it was estimated electrolytically, in the 
manner described for nickel, in the filtrate from the copper sulphide. The filtrate was first 
concentrated to the stage at which fumes of sulphuric acid appeared. It was then cooled, 
diluted with water, and filtered from sulphur which had separated owing to decomposition 
of polythionates. After the removal of the electrodes at the conclusion of the electrolysis, the 
electrolyte was treated with a few drops of ammonium sulphide, and any precipitated cobalt 
sulphide filtered off, ignited, the residue dissolved in aqua regia, evaporated to dryness with 
sulphuric acid and weighed as cobalt sulphate, the appropriate correction being applied to the 
weight of metallic cobalt. The cobalt deposit, unlike that of nickel, was invariably dark, and 
sometimes incoherent, so the method cannot be recommended. 

Nickel. The separation and estimation of nickel by the dimethylglyoxime method is, 
in our experience, liable to give low results for various reasons (see Nuka, Z. anal. Chem., 1932, 
91, 29), and we found the electrolytic method to be much more reliable. The filtrate from 
the cadmium sulphide, containing not more than 0-1 g. of nickel, was evaporated with sulphuric 
acid to remove hydrogen chloride. 1G. of ammonium sulphate was added to the residue, which 
was made up to 120 c.c. with water. After addition of 40 c.c. of concentrated ammonia, the 
solution was electrolysed overnight with platinum electrodes at a potential difference of about 
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2-5 volts. This method gave a hard deposit which showed no tendency to flake when being 
washed with water and alcohol prior to weighing. 

Cadmium was separated from nickel or cobalt by precipitation as sulphide from acid solution. 
The solution containing 0-1—0-2 g. of cadmium was diluted to 100 c.c., 2 c.c. of concentrated 
sulphuric acid were added, and hydrogen sulphide passed through until precipitation of 
cadmium sulphide was:complete. The sulphide was filtered off, washed with water, dissolved 
in concentrated hydrochloric acid, and the solution evaporated to a small bulk with 0-5 c.c. of 
concentrated sulphuric acid. The concentrated liquid was transferred to a large porcelain 
crucible in which the evaporation was continued till the bulk was reduced to about 2c.c. To 
avoid sputtering, the evaporation was completed by heating the rim of the crucible with a 
ring burner. The last traces of acid were removed by heating to constant weight just below 
redness, the cadmium being weighed as sulphate. As this is hygroscopic, weighing must be 
done expeditiously. 

An alternative method, estimation as CANH,PO,,H,O, was sometimes used. This, though 
more rapid than the above, has the disadvantage of requiring a solubility correction. It was 
carried out as follows. The hydrochloric acid solution of the cadmium sulphide was boiled 
to remove hydrogen sulphide, neutralised with ammonia, and diluted to about 100 c.c. (if 
not more than 0-15 g. of cadmium was present). 2G. of ammonium chloride were added, the 
solution heated to boiling, and 10 c.c of 20% diammonium hydrogen phosphate solution added 
with stirring. On standing overnight the flocculent precipitate became completely crystalline, 
and was then filtered off on a Gooch crucible. It was washed with 50 c.c. of water saturated 
with respect to CANH,PO,,H,O, followed by 10 c.c. of absolute alcohol, dried for 1 hour at 
100°, and weighed. It was found necessary to estimate the cadmium still present in the filtrate 
(without the washings) by precipitation as sulphide, which was converted into and weighed as 
sulphate. 

Optical Properties of the Double Salts and Solid Solutions found in the Systems CdCl,—NiCl,-H,O 
and CdCl,-CoCl,-H,O.—4CdCl,,NiCl,,10H,O forms pale green monoclinic needles which are 
optically negative and have an optic axial angle of about 60°. The optic axial plane is in- 
clined at an angle of 7° to the direction of elongation. 

2CdCl,,NiCl,,12H,O crystallises in pale green needles, elongated in the direction of slow 
vibration, which are orthorhombic and positive with a large optic axial angle.* 

2CdCl,,NiCl,,6H,O forms pale green, tabular, orthorhombic crystals which are negative 
and have an optic axial angle of about 45°. 

3CdCl,,2NiCl,,14H,O forms pale green monoclinic needles which are negative and have 
an optic axial angle of about 60°. The optic axial plane is inclined at an angle of 17° to the 


direction of elongation. 


TABLE I.—The System CoCl,-CuCl,-H,0. 


Solution. Moist solid. - 








¢ 


CoCl,, % CoCh, % CoCl,, % CoClh, % 
CuCl,, %. (direct). (by diff.).* CuCl, %. (direct). (by diff.).* Solid phase. 
44-0 f nil nil — — —_ CuCl,,2H,O 
39-29 4-34 3-95 63-24 2-06 1-49 
34-00 8-99 8-97 70-30 2-26 1-88 
30-33 — 12-66 60-75 — 4-34 
25-62 — 17-48 62-37 5-70 5-56 
18-01 26-06 26-17 44-17f 21-53 
15-08 —- 27-48 3-93 —_ 
9-99 30-50 30-33 2-49 f 49-53 —_ ne 
5:34 33-19 32-90 1-29 51-40 50-98 - 
nil 35-87 a oe — a 
* Calculated from total chlorine and copper estimations. 
+ From Seidell’s “‘ Solubilities of Inorganic and Organic Substances,” 1911, p. 124. 
t Calculated from total chlorine and cobalt estimations. 


— CuCl 2H, 0 and CoCl,,6H,O 
48-43 CoCl,,6H,O 


The solid solution of which one end member is CdCl,,2NiCl,,12H,O forms dark green 
hexagonal crystals, optically positive, which are not markedly extended in any direction. 

The solid solution (Cd,Ni)Cl,,2-5H,O crystallises in thin, pale green plates which are 
hexagonal and optically negative. 


* The compound 2CdCl,,MgCl,,12H,O is also stated to be rhombic (Rimbach, Ber., 1897, 30, 3073). 
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4CdCl,,CoCl,,10H,O forms fine pink needles, elongated in the direction of slow vibration, 
which are orthorhombic (or possibly monoclinic) and negative with an optic axial angle of 
about 60°. The corresponding nickel compound is monoclinic. The two differ only in so far 
as the acute bisectrix section of the nickel compound shows oblique extinction. The angle is 
7°, which does not indicate any fundamental difference between the two compounds, in view of 
the indefinite extinction of that section of the cobalt compound (it is probably straight but 


is imperfect). 
2CdCl,,CoCl,,12H,O crystallises in red needles elongated in the slow direction, which are 
orthorhombic and positive and have an optic axial angle of 65—75°. Grailich (Sitzungsber. 


Akad. Wien, 1858, 27, 13) states that this compound is rhombic (see footnote, p. 650). 


TABLE II.—The System CdCl,-NiCl,-H,0. 
Solution. Moist solid. 


CdCl,, % * CaCl, % CdCl,, %* CdCl, % Solid 
(by diff. } (direct). NiCl,, %. (by diff.). (direct). NiCl,, %. phase. 
nil 39-58 —_ _ 
_— 37°39 1-50 49-20 
—_ 35-73 2-07 49-91 
— 35-56 14-40 —_ 43-26 
2-47 43-31 19-63 : 40-97 
34-91 25-50 38-73 
28-55 27-42 38-79 
25-93 29-24 34-36 
25-72 28-96 36-96 
25-01 38-00 —_ 26-76 
25-02 — p 30-69 
24-47 32-93 , 30-45 
23-55 35-19 , 29-66 
24-04 42-03 ‘ 25-46 
34-50 40-23 28-43 
31-82 42-90 27-12 
31-11 44-36 26-56 
29-23 52-45 23-74 
29-10 51-91 23-40 
25-96 55-38 21-75 
24-85 42-80 23-74 
- 23-91 48-10 21-05 
24-23 45-56 20-23 
22-3 —_— _ 
21-69 47-71 18-97 
19-13 45-80 18-55 
23-18 55-52 16-74 
18-09 58-01 14-45 
16-83 52-81 17-45 
13-99 61-36 13-07 
13-26 59-24 12-78 
12-7 —_— —_ 
29-13 — 23-90 
22-68 48-96 19-67 
20-41 61-23 15-30 
19-00 51-55 16-85 
17-52 61-60 14-31 
11-84 76-91 3-52 
11-37 — 3-72 
8-56 — 1-89 
3-97 80-91 1-10 
nil -- --- oo 
46-98 7-61 — 76-65 1-20 
54-62 nil — —_— — 
Value obtained by Benrath (Z. anorg. Chem., 1932, 205, 417). 
Metastable. 


Values estimated from the diagram. 
NiCl,,6H,O. . 4CdCl,,NiCl,,10H,O. 


CdCl, 2NiCl,, 12H . (Cd,NijCl,,2°5H,O solid solution. 
3CdCl,,2NiCi,, 1441.0. . CdCl, H,0. 
2CdCl,, NiCl,,6H. i. CdCl,,2-5H,O. 

2CaCl,, NiCl,, 13H,0. 

* Calculated from total chlorine and nickel estimations. 

1 In these cases cadmium was weighed as CANH,PO,,H,0, and in all other cases as CdSQ,. 








oe 


- 


moO 


(JX) 
QO 
© to oo | 
~ 
momo mo momomomomon mam) 


w 
a 
[->) 
~ 
iei°} 


| | 
BARABOO 
mm oR 


PIDEEEI RIES 


m 
m 
m 
m 
m 
m 
m 
m 
E 

m 
m 
m 


eo ce 
on 
ao 
~] 
© 
Oo 
kh kh Rh Rh Ph PhO OO OO O 


oI li aeelllIlitiit 
II t 
= 


oe 

=109 
a 
ro 
eo 
to 


rere iiig 
alo & to 
oOo oo 


L111] 


Is] 
aa 
eS 


BREBB BBBBSBR 
o 
| Se 
J 


meme bt bt p09 09 09 09 09 
ee 


PF AOSP Sw 





652 Isomorphous Replacement in Hydrated Salts. Part I. 


CdCl,,2CoCl,,12H,O crystallises in thick, red, six-sided plates which are optically positive 
and belong to the hexagonal system. 

The solid solution (Cd,Co)Cl,,2-5H,O (only obtainable in the cobalt series with a small 
sodium content) crystallises in thin, red, six-sided plates which are optically negative and belong 
to the hexagonal system. 

The two compounds 4CdCl,,NiCl,,10H,O and 3CdCl,,2NiCl,,14H,O are optically very 
similar and not easily distinguished under the microscope. The regions of the equilibrium dia- 
gram in which they occur, are, fortunately, well separated. 

It should be especially noted that, both in the nickel and in the cobalt series, there are two 
compounds crystallising in six-sided plates belonging to the hexagonal system. These are 
readily distinguished by a determination of the optical sign. 

The sizes of the optic axial angles were estimated either from the curvature of the isogyres 
in the axial interference figures or from the distance between the melatopes in acute bisectrix 
figures, both methods giving a possible error of about 20% with the equipment available. 

In the system CoCl,—CuCl,—H,O, the CoCl, percentages obtained by difference (Table I) are 
regarded as the more trustworthy and give excellent results when plotted in a triangular diagram. 
The cobalt estimations by the electrolytic method were not very satisfactory especially with 
small amounts of cobalt, probably on account of oxidation of the electro-deposit. 

Notes on Table II.—The absence of a figure for CdCl, in the column headed “ by diff.” 
means that no chloride estimation was made, usually because of shortage of material. 

The data for ‘“‘ CdCl,,% (by diff.) ’” have been plotted in Fig. 1 when available. They can 
be regarded as more reliable than the “ direct ”’ figures owing to the rather troublesome nature 
of the cadmium estimations. Some “ moist solid’’ points and tie lines have been omitted 
from the figure so as to avoid congestion. 

CdCl,,2NiCl,,12H,O is the only one of the double salts b—g which can form a stable 
congruent solution at 25°. 

The Composition of the Dry Solid Phase (Cd,Ni)Cl,,2-5H,O, which crystallises in Optically 
Negative Hexagons.—Analysis of crystals obtained free from mother-liquor by washing with 
alcohol gave CdCl,, 65-46; NiCl,, 13-87%, which corresponds very closely to a hydrate 
(Cd,Ni)Cl,,2-5H,O. 


TABLE III.—The System CdCl,-CoCl,-H,0. 


Solution. Moist solid. Solution, Moist solid. 
eee, ( pe ¢ ~ .) c 2 
CoCl,, CdCl,, CoCl,, Solid CdCl,, CoCl,, CdCl,, 
%. %. %. phase. %. %. %. 





35-8 = pane m 29-82 28-63 56-86 
34-06 0-83 50-10 m 33-24 2400 658-74 
32-45 ; 50-25 m 34:51 22-43 57-64 
31-00 ; 51-67 m35-10 21-62 60-75 
28-66 49-31 m 37-07 19-72 61-39 
27-75 , 35-06 m41-30 1601 60-46 
37-11 37-96 42-43 15:16 60-63 
42-57 15-02 60-14 
31-96 é 35-99 43-95 14-01 62-89 
44-25 13-74 66-00 
25-00 ; 19-62 45-20 12:23 78-35 
24-33 18-81 m 47-36 9:30 78-50 
22-33 ,; 19-84 m 49-66 6-77 69-71 , 
19-26 ; 18-65 m 51-78 4-71 80-60 1-31 
17-71 18-20 m 58-10 nil yin om 
15-80 13-92 .d 45-40 11-71 177-70 0-95 
48-73 7:38 72-07 1-95 
54-62 nil tno = 
d. 4CdCl,,CoCl,,10H,0. 
CoCl,,6H,O. e. CdCl, H,0. 
CdCl,,2CoCl,, 1 2H,0. f. CdCl,,2-5H,O. 
2CdClq,CoCl,, 12H,0. 


a 


© 


rhrmhrh Oo 0 0 OO 


The data in Table III are plotted in Fig. 2. They are based on estimations of total chloride 
and cobalt (as Co,O,), the cadmium being obtained by difference. Only in the case of the two 
mixtures where CdCl,,2CoCl,,12H,O was the solid phase were cadmium estimations carried out. 
The results of the direct estimations are shown in parentheses below the values obtained in- 
directly. In these two experiments cadmium was separated as sulphide and weighed as 
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CdNH,PO,,H,O, and the cobalt was determined electrolytically in the filtrate from the cadmium 
sulphide. 

Renrath’s results (loc. cit.) recalculated to our units are indicated by small crosses in 
Fig. 2. They are stated by Benrath to correspond to the three solid phases CoCl,,6H,O, 
2CdCl,,CoCl,,12H,O, and CdCl,,2-5H,O. No analyses of moist solids are given and no in- 
formation about the appearance of the double salt except that it is red. His double-salt region 
really covers that of the two compounds 2CdCl,,CoCl,,12H,O and 4CdCl,,CoCl,,10H,O. His 
values for the concentrations are in every case considerably higher than those found by us. 
Neither of the double salts can give a stable congruent solution at 25°, although 
2CdCl,,CoCl,,12H,O only just fails to do so. 


THE UNIVERSITY, READING [Received, February 1st, 1939.] 





148. Isomorphous Replacement in Hydrated Salts. Part II. The 
System NaCl-CdCl,—H,O and the Formation of Solid Solutions in the 
Systems NaCl-CdCl,—NiCl,-H,0 and NaCl-—CdCl,—CoCl,—H,0. 


By Henry Bassett, JOSEPH H. HENSHALL, and GEORGE A. SERGEANT. 


One of the solid phases occurring in the system CdCl,—NiCl,—H,O is a series of 
solid solutions which may be written (Cd,Ni)Cl,,2-5H,O. Large amounts of sodium 
chloride can enter isomorphously into these solid solutions until all the nickel and 
some of the cadmium have been replaced. There is a steady decrease in the water 
content of the solids as this replacement proceeds. The final result is the compound 
2NaCl,CdCl,,3H,O, which is found as a double salt in the system NaCl-CdCl,-H,O. 
A similar state of affairs holds in the system CdCl,-CoCl,-H,O, but the pure sodium- 
free solid solutions (Cd,Co)Cl,,2-5H,O seem to be unobtainable. 

The solid solutions have been examined chemically and in other ways, and much 
evidence brought forward to support the view that the compound 2NaCl,CdCl,,3H,O 
has the structure [Na,(H,O),]"[Cd,(H,O),]°°°°Cl, and that solid-solution formation is 
due to replacement of [Na,(H,O),]*° by [Ni(H,O),]", [Co(H,O),]**, or [Cd(H,O),]”. 
The system NaCl-CdCl,-H,O has been studied at 25°. Two double salts occur, 
2NaCl,CdCl,,3H,O, which has been recorded before, and 3NaCl,4CdCl,,14H,O, which 
has not. 

The numerous double salts occurring in the system CdCl,—NiCl,—H,O are discussed 
with special reference to their probable structure and their capacity to form solid 
solutions. 


A SERIES of solid solutions, (Cd, Ni)Cl,,2-5H,O, crystallising in optically negative hexagons 
is readily obtainable, in the system CdCl,-NiCl,-H,O, although metastable at 25°. In 
the corresponding cobalt system a similar series of solid solutions is only formed in 
presence of a small amount of sodium salt, most of which passes into the solid phase (see 
preceding paper, p. 647). 

This surprising observation led to the discovery that the nickel series of solid solutions 
(Cd,Ni)Cl,,2-5H,O could also take up sodium chloride, and in large amounts, without 
the external form of the crystals, or their optical sign, being influenced. The stability 
of the solid solution was greatly enhanced by the introduction of sodium, just as that of 
the cobalt series of solid solutions had been. As the nickel solid solutions containing 
sodium seemed to be more stable than the corresponding cobalt preparations, and the 
crystals were also less fragile, they have been specially selected for detailed study. It 
appeared probable that a particularly striking case had been found of the process by 
which, in certain types of hydrated salts, the ion [M(H,O),]" can be replaced by the ion 
[Na,(H,O),]" (Bassett, Bedwell, and Hutchinson, J., 1936, 1412). Further examination 
seems to have thoroughly confirmed this view. 


EXPERIMENTAL. 
The cobalt, nickel, and cadmium salts used in the investigations now described were 
prepared as noted in the preceding paper, and the sodium chloride was A.R. As it was likely 
XX 
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that Sddiumi was replacing nickel rather than cadmium, the system NaCl-CdCl,-H,O was 
first investigated, and it was found that there was a double salt 2NaCl,CdCl,,3H,O which 
crystallised in optically negative hexagons and which all the facts suggested should be closely 
related to the solid solution (Cd,Ni)Cl,,2-5H,O. 

It has now been shown that 2NaCl,CdCl,,3H,O is the end member of a continuous series 
of solid solutions derived from (Cd,Ni)Cl,,2-5H,O by replacement of all the nickel and some 
of the cadmium by sodium. The four-component, sodium-bearing series of solid solutions 
has been examined to determine the composition of various members of the series by a number 
of methods similar to those employed in dealing with the sodium-free series (see preceding 
paper). The most satisfactory, and the simplest, method was to dry the moist solid by washing 
with acetone, followed by air-drying at a low temperature. Attempts were also made to dry 
larger crystals, obtained by slow crystallisation, between filter papers, but it was not possible 
to remove mother-liquor completely in this way, chiefly because of the thinness and fragility 
of the crystals. The indicator method using mercuric chloride was also used in one experiment, 
but the complexity of the analysis makes this method even less reliable than when dealing 
with the solid solutions that contain no sodium. 


TABLE I. 

CdCl, %. NiCl,, %. NaCl, %. 

A. B. Cc. A. B. B. 
— 61-67 20-04 — 15-80 
56-93 18-34 17-00 17-00 

57-08 18-28 15-94 15-90 

56-31 17-88 15-47 15-40 

56-76 17-81 14-32 14-14 

55-13 16-96 14:89 14-79 

53-72 16-22 15-05 14-95 

53-34 16-69 15-87 15-75 

64-11 17-11 12-92 12-92 

54-31 17-17 12-83 12-80 

53-63 17-04 10-37 10-34 

54-51 17-17 721 867-25 

53-31 17-39 3-90 3-89 
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TABLE II. 
Indicator Method. 


Solution. Moist solid. Mother-liquor in Dry solid. 

ey en as moist solid, - A 
B. A. B. %. A. B. 

22-64 34:44 34-42 -- 53-19 53-33 

19-71 16:93 16-92 61-58 12-42 12-44 


(from A ) 
2-61 6-12 6-12 — 11-73 11-74 
4-46 2-75 2-75 61-66 — -- 
(from B) 


Notes to Tables I and II. 


A. Results of direct determination of metals, in wt. %. 

B. Percentages of metal chlorides adjusted so that total base is equivalent to total determined 
chloride. 

C. Molecular percentages calculated from B. 

D. H,O obtained by difference from B. 

E. H,O determined directly. 

F. Solid (about 2 g.) filtered off in Buchner funnel and washed with 10 c.c. of 90% acetone, followed 
by 10—15 c.c. of “ rectified ’ acetone, and finally with pure dry ether, and dried at about 25° for 4 hour. 
if the sodium content of the solution was low, the preliminary washing with dilute acetone could be 
omitted without danger of precipitating solid from the mother-liquor. 

G. Solid washed first with 80% alcohol, then 90% and finally absolute alcohol, and air-dried. 

H. Larger crystals dried between filter-paper. 

Analytical methods (see this vol., p. 649). Mercury, where present, was removed as metal by 
reduction with hydrazine and weighed as sulphide. Cadmium was removed as sulphide and weighed 
as CANH,PO,,H,0 [in (5), (6), and 7), or as CdSO, (in all other cases except (1)]. Nickel was determined 
electrolyticall in the filtrate from cadmium sulphide, and sodium as sodium zinc uranyl acetate in a 
— portion of the original solution. Mercury was removed as above before determination of 
chloride. Water was determined by loss of weight in } hour at 200°. In (1) the percentages of cadmium 
and nickel chlorides were calculated from estimations of total chloride, sodium, and water. 
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The solids were all crystallised by cooling hot saturated solutions which contained 
approximately equimolecular proportions of cadmium and nickel chlorides together with 
various proportions of sodium chloride. Except for the indicator experiment, no attempt 
was made to ensure isothermal equilibrium by use of the thermostat. The results appear in 
Tables I and II and are shown graphically in molecular percentages in Fig. 1, which shows 
plainly how there is a continuous transition from the pure nickel-free compound 
2NaCl,CdCl,,3H,O to the sodium-free solid solution (Cd,Ni)Cl,,2-5H,O. 

In Fig. 1 the sum of the molecular percentages of cadmium chloride and nickel chloride is 
one co-ordinate, so the amount of each salt separately is not shown. Inspection of Table I 
shows that, although with increasing sodium chloride the percentages of both the foregoing 
salts decrease, they do so in a somewhat irregular way. This shows that, although, for a given 
molecular percentage of sodium chloride, the sum of the molecular percentages of cadmium 
and nickel chlorides is fixed, their proportions can vary to some extent. Variation of this 
kind has been kept within small limits by a roughly standardised method of preparation. 


Fic. 1. 





(Cd, Ni) Clp, 2-5H20 
30 











CdClp, 2NalCl,3H,0 





© Solid acetone- or alcohol-washed. 
VW Solid dried by filter-paper. 
L\ By indicator method. 


Points enclosed by oval dotted line refer to the corresponding cobalt system. 


Had the proportions of these two chlorides used in the preparations differed more widely from 
equimolecular there can be little doubt that the individual ratios NaCl: CdCl, and NaCl: NiCl, 
would have differed somewhat from those shown in Table I. We cannot say what the extent 
of such variation might be. It will, of course, be limited by the fact that in the four- 
component system NaClI-CdCl,—-NiCl,-H,O, only solutions containing certain proportions of 
cadmium and nickel chlorides will be able to furnish crystals of the optically negative 
hexagonal solid solution. Whatever the actual proportions of the three chlorides present in 
the solid phase might be, it would be found that, when they are plotted in the manner of 
Fig. 1, a straight line in exactly the same position as in that figure would be obtained. 

The optically negative hexagonal solid solution found in the system NaCl-CdCl,—CoCl,-H,O 
is in every way analogous to the nickel compound except that it is rather less stable. By 
slow evaporation at room temperature, hexagonal plates as large as 1 cm. in diameter have 
been obtained, but these were excessively thin and fragile so they could not be completely 
dried by means of filter-paper. Several analyses of the dried solids and the corresponding 
mother-liquor are shown in Table III. 

One experiment was made in which sodium nitrate was added to act as an indicator sub- 
stance so that, on the assumption that nitrate did not enter into the composition of the solid 
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phase, the amount of solution in the moist solid could be determined, and hence the com- 
position of the dry solid. The results obtained by these methods, though not very satisfactory, 
fell into line with the numerous results obtained with the solid solutions of the nickel series. 
They are shown on Fig. 1 enclosed within the oval dotted line. 

These experiments with the cobalt series were carried out before those with the nickel 
series, and the relationship of the solid solutions to the compound 2NaCl,CdCl,,3H,O was not 
known then, so that a much narrower range of mixtures was examined. 


TABLE III. 


G.-equiv. per 100 g. of 
solid (S) or liquid (L.). Weight, %. Mols. %. 











Cl (dir.). Cl (ind.). CdCl,. CoCl,. NaCl. CdCl,. CoC],. 
0-7085 0-7095 32-92 22-26 0-49 — — 
0-9492 0-9527 56-70 15-26 5-85 17-58 6-67 
0-6828 0-6908 31-60 20-78 1-56 — — 
0-9490 0-9543 56-30 1469 - 6-71 17-31 6-38 
0-6780 0-6794 30-28 21-25 1-24 — — 
0-9475 0-9459 55-55 14-78 6-73 16-78 6-30 
0-6863 _— 33-22 19-63 1-29 _— —e 
0-9465 0-9455 56-32 14-47 6-36 17-11 6-20 
0-6610 0-6648 27-46 21-82 1-82 — — 
0-9365 0-9389 54-06 14-76 7-16 15°81 6-09 


OPO NrYORrOS 


Experiment with nitrate as indicator. 
G.-equiv. per 100 g. of solution (L) or filter-paper-dried 
solid (S). 


a 


“CL Cd. Co. Na. NO,. 
L 0-6199 0-3165 0-3461 0-0261 0-0552 
S 0-9265 0-5970 0-2244 0-1081 0-0060 
These figures correspond to the dry solid content of CdCl,, 57-92; CoCl,, 13-61; NaCl, 6-92%, or 
18-31, 6-07, and 6-85 mols. % respectively. 





In the experiments recorded in Table III all the elements have been estimated. The 
figures for the three chlorides are based on determinations of the three metals; ‘‘ Cl (dir.) ’’ is 
the direct chloride determination, and “‘ Cl (ind.) ”’ gives the chlorine equivalent to the total 
metals found. 

Cadmium was weighed as sulphate after separation as sulphide. Cobalt was weighed as 
Co,O, after separation with «-nitroso-8-naphthol. Sodium was weighed as sodium zinc uranyl 
acetate. Nitrate was reduced with Devarda’s alloy, and the ammonia distilled off and 
determined colorimetrically with Nessler’s reagent. The nitrate so found was subject to an 
error of at least 5%. 

The System NaCl-CdCl,-H,O.—A compound 2NaCl,CdCl,,3H,O was recorded by Croft 
(Phil. Mag., 1842, 21, 257); and Sudhaus made a phase-rule examination of this system 
between 19° and 55° (Neues Jahrb. Min., B.-B., 1914, 37, 1), but the conclusions were 
erroneous owing to the inadequacy of the analytical data. 

Our work has shown that two double salts occur in this system, but the solubility curves 
when plotted on a triangular diagram might easily be mistaken for only one curve if insufficient 
measurements were made and if only a few moist solids were analysed. It is not easy to say 
just what Sudhaus did. She gives a long discussion of the various methods available for 
determining the formula of a double salt occurring in a three-component system, and the 
context rather suggests that she used the method of residues, but probably with only two 
tie-lines based on analyses of only two moist solids. In the paper 2NaCl,CdCl,,3H,O is 
accepted as the correct formula for the double salt, but no analyses of moist solids are given, 
or any statement that the formula has been confirmed by any of the methods discussed. 

Owing to insufficient data, the second double salt was missed, although it had been 
expected. In addition to the invariant points, only two points on the double-salt curve are 
given for the 19-3° isothermal, four points on the same curve for the 29-7° isothermal, and 
only one each for the 40-1° and 54-5° isothermals. 

Sudhaus describes 2NaCl,CdCl,,3H,O as usually occurring in wart-like masses, which she 
regarded as aggregates of needles. She was probably led to this erroneous conclusion by 
confusing the needles of 3NaCl,4CdCl,,14H,O with the supposed constituents of the aggregates. 
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As a matter of fact, the “‘ wart-like "’ masses when disintegrated may be seen to be composed 
of thin irregular plates which occasionally show hexagonal outlines. In the early stages of 
growth or when slowly formed, the hexagonal form is often shown very clearly in crystals 
which are separate and not intergrown at all. 

Sodium chloride, CdCl,,2-5H,O and CdCl,,H,O can also occur as solid phases in this 
system at 25° in addition to the two above-mentioned double salts. CdCl,,H,O is entirely 
metastable at this temperature. 

Our results for the system NaCl-CdCl,-H,O at 25° are shown in Table IV and Fig. 2. It 
should be particularly noticed that, at the cadmium chloride end of the range of the compound 
2NaCl,CdCl,,3H,O, and especially when it is followed into the metastable region, there is 
definite evidence that some replacement of sodium by cadmium is occurring. This is of con- 
siderable importance in connection with the solid solutions formed between 2NaCl,CdCl,,3H,O 
and (Cd,Ni)Cl,,2-5H,O. In other words, even in the system NaCl-CdCl,—H,O, in absence of 


TABLE IV. 
System NaCl-CdCl,-H,0 at 25°. 


Solution. Moist solid. 


A 
‘ 





A. 





CdCl,, % CdCl,, % CdCl,, % CdCl,, % Solid 
NaCl, %. (dir.). (diff.). NaCl, %. (dir.). (diff.). phase. 
26-43 nil nil — — — 
25-90 os 2-60 86-22 —- 0-03 
25-50 5-25 5-53 31-39 29-32 29-56 
23-14 8-62 8-56 27-30 27-76 27-78 
19-95 14-42 14-65 27-40 38-62 39-04 
18-36 17-37 17-59 25-61 35-34 35-24 
16-97 22-26 22-26 25-07 39-20 39-29 
15-37 27-34 27-52 21-83 36-69 36-75 
14-46 30-55 30-61 24-30 42-86 42-89 
13-78 31-76 32-31 18-32 44-13 44-76 
12-62 37-94 37-65 17-22 42-10 41-21 
12-82 33-32 33-70 14-07 52-58 53-06 
8-65 40-75 41-06 12-13 53-30 53-69 
6-72 45-09 45-21 9-39 50-81 51-10 
4-68 50-93 50-67 7°85 54-88 54-70 
3-95 53-71 —s« 3-55 8-36 58-68 58-53 
3-44 55-52 55-66 5-28 63-84 64-40 
2-61 53-55 53-50 0-56 74-96 74-92 
nil 54-62 — — — = 
2-18 55-93 56-42 1-15 72-74 72-83 
nil 58-10 — — —_— == 


Analyses of dry solids. 


CdCl, %  CdCl,% H,O,%  H,O,% Solid 
NaCl, %. (dir.). (diff.). (dir.). (diff.). phase. 
* 32-42 53-02 52-63 14-95 15-35 b 
33-02 51-74 pis 15-24 Calle. for b. 
t 15-02 63-90 63-64 21-34 21-43 
15-12 63-17 —_ 21-71 Calc. for c. 


om 


er tAASPoooorreorerop ED 
on ° 


Notes to Table IV.— 
a. NaCl. d. CdCl,,2-5H,O. 


b. 2NaCl,CdCl,,3H,O. e. CdCl,,H,O. 
c. 3NaCl,4CdCl,,14H,O. m. Metastable. 
s. From Seidell’s “‘ Solubilities of Inorganic and Organic Substances,” 1911, p. 299. 
* Solid was alcohol-washed and air-dried. 
Tt Solid was acetone-washed (about 1 g. of solid washed with 5 c.c. of 90% acetone, then 5 c.c. of 
rectified acetone, followed by dry ether) and dried at about 25° for 20 minutes. 
_ Cadmium was separated and weighed as H,PO,,H,0O in all cases except experiment marked §, 
in which it was separated as sulphide and weighed as sulphate; “‘ Cd (diff.) ” figures are calculated from 
the total chloride and sodium estimations. 
Sodium was determined as sodium zinc uranyl acetate in a separate portion of solution. 


nickel (or cobalt), the compound 2NaCl,CdCl,,3H,O may be presumed to be one limit of a 
series of solid solutions of which the other end member would be an optically negative, 
hexagonal form of CdCl,,2-5H,O. No indication has been obtained of any variability in the 
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composition of the other double salt 3NaCl,4CdCl,,14H,O. The crystallising mixtures were all 
shaken mechanically in the 25° thermostat, usually for about 12 hours. The one mixture 
giving 2NaCl,CdCl,,3H,O in the metastable region was shaken by hand for 15 minutes before 
filtration. 

We have separated for analysis dry samples of the two double salts by the acetone- or 
alcohol-washing method both to confirm the results given by the method of residues and to 
show that this method was reliable, as it was chiefly used for determining the composition of 
the solid solutions in the system NaCl-CdCl,—NiCl,-H,O. As mentioned above, the compound 
2NaCl,CdCl,,3H,O forms six-sided plates which are optically negative and belong to the 
hexagonal system. The new compound, 3NaCl,4CdCl,,14H,O, forms short, flattened, pointed 
needles which generally show longitudinal striation and are elongated in the slow direction. 
The crystals are biaxial and negative and belong to the orthorhombic system, the b and c axes 
coinciding with the optic normal and obtuse bisectrix respectively. 













Fic. 2. 




























7 AedCly, 3NaCl, 40 
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CdCl, 





Reason for the Replacement of Nickel and Cadmium by Sodium in the Solid Solutions.— 
Fig. 1 shows that as the bivalent metals are replaced by sodium there is a large fall in 
the water content of the solid solution. It is evident, therefore, that the replacement 
is not simply that of Cd” or Ni* by 2Na’*. All the experimental observations are, in 
fact, consistent with the theory of replacement mentioned on p. 653. According 
to this theory, the compound 2NaCl,CdCl,,3H,O contains both metals in the kationic 
condition and can be written in the form [Na,(H,O),],[Cd,(H,O),|Cl, or, perhaps, 
[Na,(H,O),][(CdH,O]Cl,, although we consider that the former structure is the more likely. 

Owing to sufficient similarity of form and volume the [Na,(H,O),]" ion is replaceable 
4 by [M(H,0),]”, where M may be Cd”, Co”, Ni™, etc., and it is in this way that the solid 
i solutions [Cd,Ni]Cl,,2-5H,O and [Cd,Co]Cl,,2-5H,O originate, although the latter appears 
to be too unstable to exist unless a small amount of the [Na,(H,O),]” ion is present. 
These solid solutions are thus to be regarded as [(Cd,Ni)(H,O),],[Cd,(H,O),]Cl,, where 
(Cd,Ni) indicates that these two metals are replacing one another isomorphously. 
Complete replacement of [Na,(H,O),]" by [Ni(H,O),] would lead to the simple compound 
[Ni(H,O),].[Cd,(H,O),]Cl, or CdCl,,NiCl,,5H,O, which has not been obtained because 
replacement of [Na,(H,O),] by both [Cd(H,O),] and [Ni(H,O),] occurs simultaneously. 
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This is due, presumably, to a relatively high concentration of [Cd(H,O),]" ions in spite 
of the fact that when solid cadmium chloride separates at 25° it does so as CdCl,,2-5H,O 
or CdCl,,H,O. The hydrate CdCl,,4H,O, 1.e., [Cd(H,O),]Cl,, is only stable below — 5° in 
the system CdCl,-H,O, although it will separate as a metastable form up to at least 
+ 15° (Seidell, op. cit., p. 73). 

Since nickel tends to be much more hydrated in its compounds than cadmium, it is 
unlikely that under the conditions where (Cd,Ni)Cl,,2-5H,O separates any of the nickel 
is in the [Cd,(H,O),]"" constituent. 

X-Ray powder photographs have been taken of the compound 2NaCl,CdCl,,3H,O and 
of several of the solid solutions spaced over the range from the pure sodium compound 
to the sodium-free (Cd,Ni)Cl,,25H,O. The majority of the lines of the pure sodium 
compound occur in all the photographs, but certain lines get fainter and fainter with 
decreasing contents of NaCl and new lines appear, not very far away, and these get 
stronger as (Cd,Ni)Cl,,2-5H,O is approached. All the preparations used for the examin- 
ation consisted of moderately large crystals which, according to ordinary crystallographic 
standards, appeared to be perfectly clear and homogeneous. The X-ray evidence in no 
way suggests that ordinary mixtures are involved, nor is it opposed to the views put 
forward as to the structure and origin of these curious solid solutions. We are com- 
mencing a complete X-ray structural examination of 2NaCl,CdCl,,3H,O and its derived 


solid solutions. If the planar | H, 0¢N2 S0H | can be replaced by [Ni(H,0),]”, the 


latter must presumably be planar also. According to Pauling’s arguments (J. Amer. 
Chem. Soc., 1931, 58, 1367) planar quadricovalent nickel should be diamagnetic, but a 
sample of the solid solution material was found to be paramagnetic to the degree 
calculated from the known value for paramagnetic nickel. There are reasons for con- 
sidering that planar [Ni(H,O),] may be present in spite of this result. The tendency 
to form large, excessively thin, plates, which is a characteristic feature of the solid 
solutions [Cd,NiJCl,,2-5H,O, is in excellent agreement with the view that all the 
constituent kations are planar (for [Cd,(H,O),]° would be planar just like 
[Na,(H,O),]"). CdCl,,2NiCl,,12H,O is also hexagonal but does not seem to have nearly as 
good a cleavage parallel to the base of the hexagonal prism, and this may be because all 
the kations are not planar (see the constitution suggested for it on p. 660). 

Although our evidence for structures is still very incomplete, we consider that it is 
sufficient to justify the following discussion of the nature of the double salts shown by 
us to exist in the systems CdCl,-NiCl,-H,O and CdCl,—CoCl,—H,0. 

In the system NaCl-CdCl, -H 20 it has been shown that the compound 2NaCl,CdCl,,3H,O 
can contain more cadmium than corresponds to this formula. This is because of replace- 
ment of [Na,(H,O),]" by [Cd(H,O),]" as the concentration of sodium relative to cadmium 
falls off. No replacement of [Cd,(H,O),] by sodium is possible, so at the sodium end 
of the series the composition of the compound is fixed. 

Complete replacement of [Na,(H,O),] by [Cd(H,O),]” never occurs, either because 
some entirely different solid phase becomes the stable solid, e.g., 3NaCl,4CdCl,,14H,O, or 
else because the requisite concentrations of the two ions [Cd(H,O),] and [Cd,(H,O),]"°” 
are never reached. Since the pure, optically negative, hexagonal [Cd(H,O),],[Cd,(H,O),]Cl, 
has never been recorded, one may conclude that for some reason an alternative structure 
is more stable, such as [Cd(H,O),][Cd(H,O),],Cl,, which may correspond to the well- 
known CdCl,,2-5H,O. This is only one of several possibilities, and since there is not the 
same disparity in the degree of hydration of the two kinds of cadmium kations as in the 
other structure, it seems more likely to be stable. The case is altered, however, as soon 
as one is dealing with solutions containing both cadmium and nickel ions with very 
different hydration tendencies, so that [(Cd,Ni)(H 20)a]a[Cd, (H,O),]Cl, becomes a relatively 
stable structure, since a deficiency of [Cd(H,O),]" in the nickel-free solutions is com- 
pensated for by plenty of [Ni(H,O),]” in the mixed solutions. 

It is to be noted that if the ordinary CdCl,,2-5H,O does have the structure 
[Cd(H,O),][Cd(H,O),],Cl, some replacement of [Cd(H,O),]” by [Na,(H,O),]° should be 
possible. The range of existence of CdCl,,2-5H,O in the system NaCl-CdCl,-H,O is so 
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small, however, that one cannot expect such replacement to be detectable. The 
alternative structure [(H,O),Cd(H,O),Cd(H,O),][Cd(H,O).],Cl, would not permit of any 
replacement by sodium. 

It is noteworthy that, of the numerous double salts in the system CdCl,-NiCl,-H,O, 
only (Cd,Ni)Cl,,2-5H,O and CdCl,,2NiCl,,12H,O appear to belong to series of solid 
solutions. There must ‘be some reason for this, and we attribute it to the large difference 
in the degree of hydration of the constituent nickel and cadmium kations in most of the 
double salts. This results in the ions which would be needed if solid solutions were to 
be formed being present in insufficient concentration in the liquid solutions to enter into 
the solid phase. Only in the few instances where the corresponding ions of the two 
metals are present in comparabie amounts can solid solutions be formed. 

A structure [Cd(H,O),][Ni(H,O),][Ni(H,O),]Cl, would account for all the facts observed 
with the double salt CdCl,,2NiCl,,12H,O. At the nickel end of the system, the presence 
of [Ni(H,O),] and [Ni(H,O),]”, both in large amount, is reasonable and likely, but it is 
not likely that there is any appreciable amount of [Ni(H,O),]. Hence at this end of the 
region, over which this double salt can separate at 25°, it behaves as a definite compound, 
but as one goes over towards the cadmium side the proportion of [Cd(H,O),]” ions in 
solution relative to [Ni(H,O),]” increases so that some replacement occurs in the solid 
phase. It is unlikely that sufficient [Cd(H,O),]” is present in the solution for any 
replacement of [Ni(H,O),]” by this ion to occur. Should this replacement of [Ni(H,O),] 
by [Cd(H,O),] be able to go to completion under any circumstances it would yield a 
hexagonal form of 2CdCl,,NiCl,,12H,O as the other end member of this series of solid 
solutions. 

Experience in the system CdSO,-CoSO,-H,O (Bassett and Sanderson, J., 1934, 1116) 
makes it practically certain that any hydrated cadmium kation which may be present 
in any of the double chlorides under discussion could be replaced isomorphously by the 
corresponding nickel or cobalt kation if present in sufficient concentration. All the 
double salts which occur must therefore be regarded as end members of possible series of 
solid solutions which might be formed at some other temperature or in some other 
circumstances. 

Since 2CdCl,,NiCl,,12H,O is not isomorphous with CdCl,,2NiCl,,12H,O and does not 
form solid solutions over the region in which it occurs, it cannot very well have the same 
constitution. The structure [(H,O),Cd(H,O),Cd(H,O),][Ni(H,O),]Cl, for this compound 
seems not unlikely, and would explain the facts as at present known. The lower hydrate 
2CdCl,,NiCl,,6H,O would then be [Cd(H,O),Cd][Ni(H,O),]Cl, in all probability. Obvious 
possibilities for the remaining double salts are [Cd(H,O),],[{Ni(H,O),],Cl,, for 
3CdCl,,2NiCl,,14H,O, and [Cd(H 20).Cd],[Ni(H,O)¢]Clj> for 4CdCl,,NiCl,,10H,O. In both 
these cases it is unlikely that corresponding ions of the second metal would be present 
in sufficient concentration to produce any measurable solid solution effect. 

Finally, it may be pointed out that, since cadmium, nickel, and cobalt can all be 
replaced by sodium in these double salts, one is fully justified in assuming that these 
metals are present entirely in the kationic condition. 


The authors thank Dr. C. A. Beevers for his kindness in taking the X-ray powder photo- 
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THE UNIVERSITY, READING. [Received, February 1st, 1939.] 





149. The Osmotic Pressure of Solutions of Polysaccharide Derivatives. 
Part I. A New Form of Osmometer. 
By SypNEY R. CARTER and Basit R. RECORD. 


An osmometer has been designed for the investigation of polysaccharide derivatives 
of molecular weights between 3000 and 1,000,000 in solutions of organic solvents. 
Semipermeable membranes are described whose permeability may be controlled over a 
wide range down to complete impermeability. 
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RECENT studies on the structure of the polysaccharides have emphasised the need for 
physical methods suitable for the direct determination of their molecular or particle weights. 
Polysaccharides in the form of their methylated and acetylated derivatives are generally 
insoluble in water but can in most cases be dissolved or dispersed in certain organic solvents. 
The direct determination of the osmotic pressure of these solutions or dispersions provides 
a method well adapted for the investigation of particle weights of the order encountered 
in the field of polysaccharides, namely, between 3000 and 1,000,000. 

Osmometers using organic solvents have already been described, but they did not meet 
our requirements (Herzog and Spurlin, Z. physikal. Chem., Bodenstein Festband, 1931, 239 ; 
Van Campen, Rec. Trav. chim., 1931, 50, 915; Biichner and Samwel, Trans. Faraday Soc., 
1933, 29, 32; Dobry, J. Chim. physique, 1935, 32, 46). 

The present osmometer works on the counter-pressure principle of Berkeley and Hartley 
(Phil. Trans., 1906, A, 206, 486), in which the osmotic pressure is applied externally. It is 
more rapid than the “ self-registering’’ type of osmometer, in which the equilibrium 
pressure is built up by the osmosis 
itself, a process which becomes in- Fic. 1. 
creasingly retarded as the equilibrium 
is approached, particularly with 
membranes of low permeability. The 
method furnishes valuable informa- 
tion on membrane permeability for 
a comparison of membranes as well 
as the detection of temporary diffu- 
sion pressures. It has the further 
advantage that measurements can 
easily be made over a wide range 
of pressures and concentrations, 
enabling the deviation from the ideal- 
solution laws to be studied. The 
osmometer has been designed for use 
with the flat membranes later de- 
scribed. Ground-glass joints, taps, 
packing washers, etc., have been 
avoided in the solvent-membrane- 
solution system, since they are a 
potential source of error in measure- 
ments involving organic solvents. 



























































EXPERIMENTAL. 


The Osmometer.—The osmometer 
(Fig. 1) consists of two stout glass bells 
A and B, each of 5 c.c. capacity, with 
accurately ground ends between which is compressed the flat ‘‘ Viscacelle’’ membrane M. 
The lower chamber B containing the solvent is fused to a stout horizontal capillary tube 
C of 0-5 mm. bore and 50cm. long. The solvent meniscus in C is observed by means of 
a microscope fitted withan eye-piece carrying an etched scale of 100 divisions, enabling 
meniscus movement to be estimated to 0-01 mm. Both the microscope and the capillary tube 
are rigidly clamped to the same heavy iron stand. The upper chamber A contains the solution 
under test and it is connected to an air reservoir and manometer of the Sérensen type (Z. physiol. 
Chem., 1919, 106, 1). Pressures up to 100 cm. of water are obtained by using water in the 
reservoirs and manometer. A similar apparatus containing mercury provides pressures up 
to 1 atm. 

In an osmometer working on the counter-pressure principle, a perfectly rigid membrane is 
essential to prevent membrane movement being superimposed on the flow of liquid through the 
membrane. The perforated brass membrane support D, having a convex face of 7-5 cm. radius 
on the upper surface, effectively eliminates all membrane movement under changing pressures. 
Similarly, volume changes in the solvent due to temperature variations must be reduced to 
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negligible proportions compared with the observed transport of solvent through the membrane. 
The mean temperature of the glass water-tank thermostat (30 1.) is maintained within + 0-001° 
by means of a control (D.R.-P. 448,786) of the mercury thermometer type operating a 60-watt 
heater through a valve relay. The constancy of the mean bath temperature during measure- 
ments is checked by a Beckmann thermometer. Accuracy of control was improved by mounting 
the instrument in the vertical position by light springs to damp out vibrations. 

The exposed osmometer capillary tube is also maintained at uniform temperature by 
circulating bath water through a narrow glass jacket surrounding the tube, by means of a Luther 
centrifugal pump immersed in the thermostat. 

A satisfactory membrane seal could not be realised by compressing the membrane between 
the two ground faces of the osmometer unless the membrane edges were surrounded with a 
glass cylinder containing mercury under pressure. By means of a mercury bulb attached by 
rubber tubing to a side arm, a pressure of 1 atm. was applied. The two rubber rings closing the 
cell are backed by brass plates firmly clamped together. This method provides a positive 
membrane seal at all points and eliminates any doubtful packing devices. 

To reduce the risk of air-bubble formation in the solvent chamber, the solvent in which is 
immersed the membrane support is placed under reduced pressure for $ hour before use. The 
osmometer is assembled by placing the glass cylinder and lower bung in position round the cell 
B to provide an outer receptacle for the solvent. The prepared membrane is rapidly transferred 
to its position, the upper bell A filled, and the mercury seal is clamped into place. Some mercury 
is then poured into the outer chamber and a reduced pressure applied for a few seconds to remove 
air bubbles from the membrane joint. The mercury bulb is then attached, and the osmometer 
placed on horizontal rails in the thermostat. The capillary tube is levelled and, by imposing a 
suitable pressure on the solvent in the solution chamber, the meniscus is brought to a position 
in the horizontal capillary not far from the bend, to minimise evaporation from the open end. 
The solution in A is adjusted to a mark E etched a short distance above the shoulder of the cell. 
Connexion is made with the air-pressure reservoir and manometer by means of a length of 
capillary tube of 1 mm. bore and an unlubricated ground-glass joint, over which is drawn a short 
piece of rubber tube. The manometer reading must be corrected to give the effective pressure 
at the membrane interface by the addition of the capillarity of the solvent in the horizontal 
capillary. The latter is of uniform bore, so that the correction remains substantially constant 
over the length of tube used. To be deducted are (a) the difference in level between the 
horizontal plane of the capillary tube bore and the mark E, and (b) the small surface-tension 
effect at E. The effect of the difference in density between solution and solvent has been 
ignored, since it becomes appreciable only at high concentrations and therefore high pressures. 
The correction thus worked out may be checked by determining the manometer reading for zero 
meniscus movement, an open-pore membrane being used, and care being taken that temporary 
diffusion pressures due to slight differences between the solvent on the two sides of the membrane 
have been equalised. Osmotic pressures may be determined to the nearest 1 mm. of water, 
depending on the permeability of the membrane. 

The Solution.—Chloroform is perhaps the best general solvent for the methylated and 
acetylated polysaccharides and has the additional advantages of (a) low surface tension, (d) 
low viscosity, (c) a rapid passage through the membranes used. A good-quality chloroform 
B.P. has been used in this work, as the presence of the small quantity of alcohol ensures its 
stability and there is no objection to mixed solvents provided that the solvent has the same 
composition on both sides of the membrane. Carbon tetrachloride is less volatile, but it has 
not a good solvent power in all cases and also has a lower rate of flow through the membrane. 

Most methylated and acetylated polysaccharides are hygroscopic and are also prone to 
retain traces of the organic solvents used in their purification. Before use, therefore, the 
specimen is brought to a constant weight in a Pregl drier at a suitable temperature. 

The concentration of the solution to be tested may be determined either during its preparation 
before being placed in the osmometer or after the test by withdrawing for analysis a sample 
(say, 1 c.c.) and weighing the evaporated residue on the microbalance. If the former method 
is adopted it is necessary to rinse out the cell with the solution before filling it, since the solution 
chamber must not be dried of solvent for fear of reducing the membrane permeability; this 
method is therefore more wasteful of material. The latter method is often unsuitable with 
solutions difficult to evaporate either through the specimen being deposited as a glassy film, 
or in the case of high-boiling solvents. An analysis is often useful as a check on the 
predetermined concentration, however, and this method alone must be used when the specimen 
is only available in small amount. Micro-analytical techniques with special precautions 








[1939] Solutions of Polysaccharide Derivatives. Part I. 663 


against evaporation losses have been developed for both methods. Emphasis is here laid on 
the importance of securing solutions of homogeneous composition by thorough mixing at all 
stages. Concentrations are obtained as g. per 100 g. of solvent, and are converted into g. per 
100 c.c. of solvent by a density determination for each specimen of solvent used. The absence 
of dissolved matter in the solvent is also confirmed by a concentration analysis. 

Determination of the Osmotic Pressure.—The osmometer is left overnight after assembly, 
and then, before introduction of the solution, the permeability of the membrane to the solvent is 
measured, the proportionality of rate of flow to applied pressure being tested. The solution is 
run into the cell to the level of the mark E, and the pressure apparatus again connected. The 
pressure is frequently adjusted to keep the capillary meniscus as far as possible stationary. 
When no further increase is observed, the equilibrium pressure is determined from the rates of 
meniscus movement under applied pressures in the immediate vicinity of the equilibrium 
pressure, the uniformity of these small movements over a period of time being taken as the 
criterion that the final osmotic pressure has been developed. 

Measurements on methylated inulin and methylated lichenin showed that the apparent 
osmotic pressure of the solution increased slowly with time, reaching its ultimate value only 
after several days. Agitation of the solution during the test considerably reduced the time 
required to reach equilibrium, one hour being sufficient in most cases. The electromagnetic 
stirrer consists of a soft-iron armature sealed in a thin-glass tube drawn out to a fine rod, at the 
end of which is attached a platinum disc S, sufficiently small to permit its insertion into and 
withdrawal from the osmometer cell. When the circuit of a solenoid H surrounding the 
osmometer tube is closed, the stirrer is drawn against a light, phosphor-bronze spring from 
which it is normally suspended. Thus a sharp movement of the stirrer occurs at the make and 
break of the solenoid circuit. Adjustments were made so that the solenoid current passed for 
only about one-tenth of the total time in order to minimise the heating effects from the solenoid. 
This device proved invaluable in giving a sharply defined end pressure, and the improved 
results obtained were manifest in the closer conformity of the points to a smooth pressure— 
concentration curve. Although emphasis is given to the advantages of stirring, yet too violent ~ 
an agitation, especially in the case of the higher osmotic pressures, occasionally leads to the 
formation of an air bubble in the solvent chamber due to solvent containing air dissolved under 
pressure in A, diffusing to the solvent side B of the membrane. This behaviour is not likely 
to lead to erroneous results, since the air bubble when once formed develops rapidly and it is 
readily detected. It does, however, entail a complete reassembly of the osmometer. 

In the case of a homogeneous substance and a membrane perfectly semipermeable to its 
solution, the equilibrium pressure remains unchanged after switching off the agitator even after 
a lapse of a week. An equilibrium pressure greater for an agitated solution than for one at rest 
is a certain indication of the diffusion of some of the solute through the membrane, pointing 
either to the need for a membrane of lower permeability or to marked heterogeneity in the 
specimen examined. This provides a useful criterion of the validity of the results obtained. 
Other valuable criteria are here enumerated : (1) The constancy of the equilibrium pressure of 
a given solution when kept at constant temperature in the osmometer over a period of days or 
even weeks. (2) The absence of dissolved matter in the solvent chamber at the end of a series 
of measurements. (3) Reproducibility of results when measurements are repeated in 
independent experiments and with membranes of lower permeability. (4) Reproducibility of 
results when passing from a low concentration to a higher one and vice versa. 

The Membrane.—Although denitrated collodion membranes have sometimes been used with 
organic solvents (Duclaux and Wolleman, Compt. rend., 1911, 152, 1580; Biichner and Samwel, 
Trans. Faraday Soc., 1933, 29, 32), we found that the control of permeability exercised in the 
production of the collodion membrane was destroyed during denitration, and that, although 
there appeared to be no difficulty in obtaining cellulose membranes semipermeable towards 
cellulose derivatives, smaller particles such as methylated inulin would pass through the mem- 
brane, even though a collodion membrane of zero permeability formed the starting point. 

Cellulose film prepared by the viscose process is obtainable commercially in sheets of uniform 
characteristics, and McBain and his co-workers (e.g., Trans. Faraday Soc., 1930, 26, 157) have 
controlled its porosity in ultrafiltration experiments. Dry “‘ Viscacelle’’ or ‘‘ Cellophane ”’ 
(the non-moisture proof variety) swells up in water to a definite maximum, being now quite 
permeable to water and ordinary solutions. On the other hand, alcohol and organic liquids 
exert little or no swelling effect. Hence, any degree of swelling between these two extremes 
may be attained by treating the dry membrane with the appropriate alcohol-water mixture as 
the swelling medium. After transference to absolute alcohol, the membrane may be used 
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with any miscible organic liquid, the swelling remaining practically unaltered. A membrane 
prepared by immersion in a mixture of x c.c. of water and (100 — +) c.c. of absolute alcohol is 
described as a “‘ (100 — x)/* membrane.’”’ We may consider the sequence of operations in 
preparing a 50/50 membrane for use in chloroform. Discs of suitable size are cut from the 
“* Viscacelle ’’ sheet with a sharp cork borer, the 
Fic. 2. sheet not being handled with the fingers, and 

placed in : 





-_ 
S 


/ Bath I. A 60/40 alcohol—water mixture 
for 1 hour to remove the small amount 


m of glycerol incorporated in the com- 





& 


mercial sheet. 
Bath II. A similar mixture containing 


/ in addition 1% of ammonia to remove 


Daly x10”. 





> 
a 


traces of fatty acids. After a few 
hours’ immersion the discs are trans- 


iF : ferred to 


Pi Bath III. The final swelling mixture of 
50/50 alcohol—water in which the discs 


wr 4 are left overnight. 
Bath IV. This consists of absolute 
alcohol to which the discs are trans- 

20 40 60 80 100 : : 
Volume (2) of water added to (100-x) ferred Baten egress 
volumes of alcohol. tions of alcohol an Ow! o remain 
for 4 hours or more, to ensure com- 
Permeability of ‘‘ Viscacelle 600” to chloroform. plete removal of water from the pores. 
Bath V. The organic solvent—chloro- 
form. Care is necessary during the transference to this bath to avoid evaporation 
of alcohol, as this would reduce the permeability. This is also very liable to occur 
with a volatile liquid, and in solvents denser than ‘“ Viscacelle ”’ the discs must be 
kept immersed by a gauze cage. 


Care has similarly to be exercised when fitting the membrane into the apparatus, the original 
permeability being rapidly reduced by evaporation of solvent from its pores. The effect of 
the different alcohol-water mixtures on the resulting permeability to chloroform of No. 600 
“ Viscacelle ” is shown in Fig. 2. The No. 600 quality, by virtue of its greater strength and 
freedom from ripples, is preferable to the No. 300 for general use. 

The permeability of a membrane is expressed in terms of specific permeability = Ddyn, where 
D is the permeability in c.c. per second for 1 cm.* of membrane surface at an applied pressure of 
1 cm. of water, d is the membrane thickness in cm., and » the viscosity of the liquid (Bjerrum 
and Manegold, Kolloid-Z., 1927, 42,97). A specimen of “‘ Viscacelle ’’ of thickness No. 600 was 
found to swell up to slightly more than double its dry thickness on immersion in water, and to 
have a specific permeability to water of 2-0 x 107%. A sample of No. 300 (half the thickness) 
had a specific permeability of only half this value. 


The authors thank the Department of Scientific and Industrial Research for a grant to one 
of them (B. R. R.) 
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150. The Osmotic Pressure of Solutions of Polysaccharide Derivatives. 
Part II, The Osmotic Pressure of Derivatives of Lichenin, Inulin, 
Glycogen, Starch, and Starch Deztrin. : 


By SyDNEY R. CARTER and Basit R. REcORD. 


The osmotic pressure-concentration relationship has been investigated, and in 
every case deviations from the van ’t Hoff ideal were observed, the osmotic pressure 
always increasing with concentration more rapidly than demanded by the law. The 
magnitude of the deviation depends on the solvent; it is always greater for 
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chloroform than for carbon tetrachloride. Wo. Ostwald’s “ general solvatation 
equation ’’ has been shown to offer a satisfactory mathematical representation of the 
relationship. Being free from ‘‘ Donnan’”’ membrane effects, the results are well 
adapted to the study of deviations from the ideal-solution laws. By extrapolating 
the II/c-c curves to zero concentration, molecular or particle weights have been 
deduced. The limiting value of II/c at zero concentration is independent of the 
solvent. By comparison with the size of the minimum chain lengths as determined 
by Haworth’s end-group assay method, the particle weights of the polysaccharides 
are usually several times that of the fundamental chains. In the case of inulin, and 
possibly lichenin, the physical and the chemical units are identical. 


By using the osmometer described in Part I (preceding paper), direct osmotic-pressure 
measurements have been made on a number of methylated and acetylated polysaccharides 
with particle weights ranging from 3000 to 3,500,000. The results obtained are sum- 
marised in Table I. 

TABLE I. 


Particle weight Chain length (hexose units) 
by osmotic by osmotic by chemical 
Substance. Solvent. pressure. pressure, assay. 
Methylated lichenin (A) 10,700 52 80 ca. 
(B) 13,900 68 — 

ze s a 13,900 68 

Acetylated lichenin (A) 118,000 410 

a B (B) : 36,500 127 

Directly methylated lichenin 33,100 162 

Acetylated inulin 3 8880 30 

Methylated inulin 6210 30 
Methylated glycogen : 

From rabbit liver 830,000 

620,000 3000 

620,000 3000 

te 620,000 3000 

» haddock liver 620,000 3000 

» hake fish liver 273,000 1340 
Acetylated glycogen : 

From rabbit liver : 2,500,000 8700 

» dogfish liver 3 3,500,000 12,000 

» haddock liver 1,300,000 4500 

» hake fish liver 3 1,900,000 6600 

Methylated potato starch (A) 124,000 610 

” ” ” ” 124,000 610 

a a) ae 71,000 350 

x ** soluble ”’ starch CCl 28,200 138 

- maize starch Cc 3 38,200 187 

33,200 163 

4520 22 

2910 14 


” ” 


” ” ” 


” ” 


The Relation between Osmotic Pressure and Concentration.—A knowledge of the general 
form of the specific osmotic pressure—concentration curve is essential in the extrapolation 
to zero concentration to arrive at a value for the particle weight. All the results obtained 
in this investigation suggest that the II/c—c values lie on smooth curves. In those cases 
where measurements were extended to low concentrations, no marked tendency to deviate 
from the smooth curve was observed. Irregular values falling away from the curve were 
likely to occur if too short a lapse of time were allowed before making measurements, 
and also if the solutions were not stirred. 

The direct osmotic-pressure measurements of Morse and Frazer and of Berkeley and 
Hartley on cane-sugar solutions showed that, if V, in the ideal van ’t Hoff relationship 
IIV = RT, be taken as the volume of solvent instead of the total volume of solution, the 
experimental results are more in accord with this simple equation. Although concen- 
‘trations have been expressed in terms of solvent throughout this paper, deviations, often 
of considerable magnitude, occur in every case. Sackur’s equation (Z. phystkal. Chem., 
1910, 70, 477) in the form II(V — 6) = RT allowed for a larger volume correction. 
Adair (Biochem. J., 1930, 24, 1864) has shown that this type of equation satisfactorily 
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expresses the osmotic pressure of hemoglobin up to concentrations of 20%. When the 
equation is applied to our measurements, however, agreement is observed only over the 
“near-dilute ’’ range of concentration, the caiculated values being greater than the 
experimental ones at higher concentrations. A better representation of our results is 
given by the equation suggested by Wo. Ostwald, viz., Il = ac + bc", where a, b, and n 
are constants to be determined for each particular case. This expresses the total pressure 
II as the sum of two quantities: (i) the true van ’t Hoff osmotic pressure II, = ac, and 
(ii) the so-called ‘‘ swelling pressure’ IIg = bc". The constants have been determined 
according to the method of Ostwald’s later paper (Kolloid-Z., 1929, 49, 60). The 
excellent agreement between calculated and experimental values over a wide range of 
concentration is shown for the case of methylated lichenin (Table II). Here, c is in g. 
per 100 c.c. of solvent and II is expressed in atmospheres; has a value a little over 2 in 
all the specimens examined. Similar values have been found by Wo. Ostwald for sub- 


stances as widely different as rubber and hemoglobin. 


TABLE II. 


Methylated lichenin (B) in carbon tetrachloride. 
II = 0-0172c + 0-00272c?-17, 
II II Error, II II 

c. Il, = ac. Ig = de*. (calc.). (obs.). %. c. Il, =ac. Ig = be". (calc.). (obs.). %. 
0-743 0-0128 0-0014 0-0142 0-0142 0-0 0-499 0-0086 0-0006 0-0092 0-0092 +0-1 
1-577 0-0271 0-0073 0-0345 0-0349 +1-4 0-317 0-:0055 0-0002 0-0057 0-0059 +4-7 
2-690 0-0464 0-0233 0-0696 0-0693 —0-5 1-195 0-0206 0-0040 0-0025 0-0244 
5-992 0-1030 0-1325 0-2355 0-2403 +2-0 0-171 0-0029 0-0001 0-0030 0-0030 
3-827 0-0659 0-0498 0-1157 0-1169 +1-0 


Deduction of Particle Weight from the Osmotic-pressure Measurements.—Since con- 
siderable deviations from the van ’t Hoff ideal relationship often occur with substances of 
high molecular weight, and may be expected in the polysaccharide substances where the 
structures often deviate from the spherical form, the molecular or particle weight M 
calculated from the equation II = RTc/M will depend on the concentration. It becomes 
necessary, therefore, to make measurements at various concentrations in order to 
extrapolate back to zero concentration, where the ideal conditions may be assumed to 
hold. The II/c ratio, or specific osmotic pressure, is most conveniently extrapolated 
from the II/c-c curve. The intercept on the II/c axis gives directly (II/c), or limit 
(c-> O)II/c, from which the particle weight is found by substitution in the above 
equation, i.e., M = 248,000c/II at 20°, c being in g./100 c.c., and the osmotic pressure, 
Il, in cm. of water. 

Our measurements on a number of polysaccharide derivatives in organic solvents 
support the validity of the procedure of drawing the best smooth curve through the 
experimental points. 

The Particle Size of Polysaccharides ——From the measurements given in this paper, it 
appears that aggregation brought about by the union of basal chain units almost 
invariably occurs in the polysaccharide group, the osmotic pressures being usually lower, 
sometimes equal to, but never higher (at low concentrations) than those calculated from 
molecular weights based on the chemical assay values. In every case so far examined, 
the value of II/c has been found to increase as c increases, in contrast to the constant 
II /c value in an ideal solution. Further, it is seen that the rate of increase of II/c with c 
increases as c as raised up to the highest concentrations examined. There is thus good 
reason to believe that in those cases of abnormally low osmotic activity in which the 
particles consist of aggregates of the repeating unit of the basal chains, an increase in 
the degree of aggregation with increasing concentration never occurs. In contrast to 
this behaviour, we may quote the direct osmotic-pressure measurements (Grollman and 
Frazer, J. Amer. Chem. Soc., 1923, 45, 1707) of aqueous phenol in which a decrease in 
II /c with c was observed. 

The forces responsible for the particle sizes of polysaccharide derivatives are therefore 
of a more permanent nature than those normally encountered in associated organic 
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substances. In further support of this view may be mentioned the constant particle 
weight found for a polysaccharide derivative obtained from different sources and by 
independent methods (¢.g., methylated glycogen) and also the constancy of the limiting 
osmotic pressure at low concentrations independently of the solvent used. The micelles 
formed by dyes, soap, etc., are usually variable in size, depending on the concentration, 
solvent, temperature, and past history, and usually occur in equilibrium with the simple 
chemical molecules. 

Lichenin (Fig. 1). The acetylated and methylated lichenins examined here were 
prepared by Haworth and Michael (unpublished work). 

Acetylated lichenin.. Two specimens, A (M, 118,000) and B (M, 36,500), the latter 
being prepared a year after the former, were tested in chloroform (curves V and IV). 
The considerable difference in the particle weights of the acetates which were prepared 
under similar conditions might suggest that the enhanced aggregation of A might be due 
to its greater age. However, osmotic-pressure measurements on the acetate B, after a 
further 9 months’ keeping, gave values which conformed closely to the original curve, 
and it is therefore evident that age cannot account for the disparity between the two 
acetates. 
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Lichenin derivatives. 
II is in cm. of water. c is in grams per 100 c.c. of solvent. 


Methylated lichenin. Two specimens of methylated lichenin prepared from the lichenin 
acetates A and B were investigated in carbon tetrachloride and in chloroform solution. 
A fully swollen membrane (0/100) proved to be perfectly semipermeable. This is 
supported by the low concentration (c, = 0-006%) in the solvent chamber after experi- 
ments extending over 3 weeks. The osmotic pressures developed are of a convenient 
order of magnitude for accurate measurement, even at low concentrations, and the specific 
osmotic pressure—concentration relationship has been examined in some detail. It is seen 
that the experimental points in Fig. 1 are well represented by smooth curves down to 
low concentrations, particularly curves I, II, and (for the acetate) IV, there being no 
evidence of any abrupt rise or fall in the value of II/c. Deviations from the van ’t Hoff 
law are greater in chloroform than in carbon tetrachloride, but both curves (I and II) 
converge to the same limit at zero concentration, leading to the same value for the 
molecular weight (13,900) in the two solvents. 

A methylated lichenin prepared by direct methylation of the polysaccharide (curve 
VI, chloroform as solvent) had a much higher particle weight (33,100) than those derived 
through the acetate. 

Inulin (Fig. 2). The inulin acetate and the corresponding methylated inulin prepared 
by Haworth, Hirst, and Isherwood (J., 1937, 782) were examined in chloroform solution. 
A chemical end-group assay of the methylated compound indicated a chain length of 30 
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fructose units. As might be expected from the relatively short chain length, a 0/100 
(fully swollen) membrane proved to be imperfectly semipermeable, and the effect of 
membrane permeability on the osmotic pressure has been studied in some detail. 

Inulin acetate. As seen from the concentration in the solvent chamber at the end of 
the series I, considerable diffusion occurs through a 0/100 membrane (curve I). During 
a determination a slightly high initial pressure dropped in a few hours to a steady value. 
Agitation of the solution did not appreciably alter these steady pressures. A 20/80 
membrane produced only slightly higher pressures (curve II). A 50/50 membrane (curve 
III) showed a considerable increase in pressure level. In this case the readings conformed 
accurately to a smooth curve, no perceptible drop from the initial values was observed, 
and the solvent chamber concentration showed that diffusion through the membrane had 
been markedly reduced. Measurements in which a membrane (70/30) of still lower 
permeability was used showed a slight further increase in the pressure level (curve IV). 

Methylated inulin. This specimen was prepared from the acetate just examined. The 
permeability of a 0/100 membrane to a chloroform solution was at once evident from the 
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Inulin derivatives. 
II is in cm. of water. c is in grams per 100 c.c. of solvent. 


steady diminution in the “ apparent’ osmotic pressure with time. The “ apparent ”’ 
osmotic pressure was increased by stirring the solution. Measurements were carried out 
by using a 50/50 and a 70/30 membrane—curves V and VI (Fig. 2) respectively. No 
perceptible differences between the values with and without stirring could be observed 
in either series. The (II/c), value corresponded to 30 hexose units, which again represents 
a maximum for the mean particle weight. 

Inulin itself is not sufficiently soluble in cold water to be examined by the osmotic 
method, but ebullioscopic determinations on a solution (7%) of inulin in water supported 
the work of Drew and Haworth (J., 1928, 2690), pointing to a value of 3500 for the 
molecular weight of the polysaccharide. A similar value was obtained for methylated 
inulin in chloroform solution (6%). There is thus good evidence that the physical units 
of inulin and of its acetylated and methylated derivatives have an average chain of about 
30 hexose units in agreement with the end-group assay. 

Methylated glycogen from rabbit liver. The specimen examined was prepared by 
Haworth, Hirst, and Isherwood (J., 1937, 577), and shown by the end-group method to 
have a chain length of 18 glucose units. Measurements were made in carbon tetrachloride 
solution against a 0/100 membrane. The difficulty of carrying out measurements at low 
concentrations owing to the minuteness of the osmotic pressures incurs some assumption 
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regarding the II/c-c relationship in extrapolating a value for II/c at infinite dilution. 
The extrapolation from the curve through the experimental points is considered justified, 
however, by the various results given in this paper. It should be noted that the scales 
of the axes in the various diagrams in this paper are different. The results are shown in 
curve I (Fig. 3), from which the value 620,000 (equivalent to 3000 glucose units) is 
obtained for the extrapolated particle weight. This value is of the same order as those 
obtained by Oakley and Young (Biochem. J., 1936, 30, 868). 

The permanency of these large aggregates has been tested by making measurements 
on the same specimen of methylated glycogen in nitromethane, a solvent which has a 
dielectric constant 17 times that of carbon tetrachloride. The results shown in curve II 
(Fig. 3) point to a (II/c)) value identical with that extrapolated from the measurements 
in carbon tetrachloride. 

It was possible to increase the permeability of the membrane and still maintain its 
semipermeable nature towards these large aggregates, thereby facilitating the accurate 
measurement of low pressures. A membrane was prepared by treating ‘‘ Viscacelle ’’ 
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Methylated glycogen. 
II is in cm. of water. c is im grams per 100 c.c. of solvent. 


with 10% sodium hydroxide solution as the swelling medium (see Morton, Trans. Faraday 
Soc., 1935, 81, 262). Its permeability to chloroform was about 12 times that obtained 
when water is used as the swelling agent. Measurements were made in chloroform on a 
specimen of methylated rabbit-liver glycogen. The pressures showed no tendency to 
drop with time. Measurements on the same specimen against a 0/100 membrane showed 
slightly higher pressures, probably due to small amounts of substances of lower particle 
weight. 

Glycogen from fish liver. Specimens of methylated and acetylated glycogen from the 
livers of the dogfish, hake, and haddock were prepared by Haworth, Hirst, and Smith 
(unpublished work). The chemical assay indicated a chain length of 12 hexose units in 
each case. The osmotic pressures have been measured in chloroform solution against a 
0/100 membrane, and the results obtained for methylated glycogen from dogfish, hake, 
and haddock are shown in curves IV, V, and VI (Fig. 3) respectively. 

Glycogen acetates. Four glycogen acetates from which the methylated glycogen 
specimens tested above were prepared have been examined in chloroform solution against 
a 0/100 membrane. Only a brief examination has been made owing to the smallness of 
the pressures developed, which place these substances outside the range of applicability 

YY 
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of the present osmometer. A rough extrapolation has been attempted in each case, and 
the approximate particle weight of each specimen is given in the experimental section. 
The measurements on the four glycogen acetates and on the methylated glycogen of 
haddock and hake liver were all obtained in one continuous series using the same mem- 
brane. At the end of the series, the concentration in the solvent chamber was 0-017%, 
and as the permeability of the membrane has decreased by only 15% during the period 
(6 weeks), it is clear that Herzog’s criticism (Z. phystkal. Chem., Bodenstein Festband, 
1931, 239) regarding the unsuitability of ‘Cellophane ” for osmotic-pressure determin- 
ations is not supported in this instance. 

Ebullioscopic determinations on solutions (5%) of glycogen in water and of methylated 
glycogen in chloroform produced no measurable elevation in boiling point, and were thus 
in accord with the very low osmotic pressure results. 

With particles of this order of magnitude, well-defined optical properties may be 
expected. Chloroform solutions of the glycogen acetates are noticeably opalescent and 
show a Tyndall beam. The methylated glycogen exhibits the same phenomenon, though 
to a lesser degree. The ultramicroscope revealed no definite particles but only a diffuse 
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Starch derivatives. 
II is in cm. of water. c is in grams per 100 c.c. of solvent. 


beam, probably owing to the small refractive- index difference between particles and 
solvent, which would be further diminished by solvation. 

Starch (Fig. 4). Osmotic pressure measurements have been carried out on four 
different methylated starches and on a starch acetate. 

Methylated potato starch A. This was prepared by Baird, Haworth, and Hirst (J., 
1935, 1201, specimen No. 8, p. 1205) from starch acetate obtained by the Barnett process. 
The results of measurements in chloroform and carbon tetrachloride are shown in Fig. 4, 
curves I and II respectively, and both series of measurements point to the same (II/c), 
value (M = 124,000). 

Methylated potato starch B. This was the specimen No. 6 prepared by Baird, Haworth, 
and Hirst (loc. cit.) from starch acetate obtained by the use of pyridine and acetic 
anhydride. The results for a chloroform solution are shown in curve III (M = 71,000). 

Methylated ‘‘ soluble”’ starch. This starch was shown by the end-group method to 
have the same chain length (ca. 25 units) as untreated potato starch (Haworth, Kitchen, 
and Peat, unpublished work). Osmotic-pressure measurements in carbon tetrachloride 
indicate a particle weight of 28,200 (ca. 40 glucose units) (see curve IV). 

Methylated maize starch. This specimen had been methylated 18 times and showed 
OMe, 45-7% (Averill, unpublished work). Measurements in chloroform indicated a 


particle size of 38,200 (curve V). 
These determinations on starch derivatives point to a wide range of possible values 
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for the size of the physical units. Similar observations have been made on starch itself, 
e.g., Samec’s extensive osmotic-pressure measurements give values of 10,000 and upwards. 
Lamm’s ultracentrifuge investigation showed the polydisperse nature of certain prepar- 
ations of starch and a variable molecular weight according to the previous history 
(Kolloid-Z., 1934, 69, 44). 

Starch dextrins. The methylated derivatives of three different breakdown products 
of potato starch, having chains of 17, 12, and 9 hexose units according to the end-group 
assay, have been examined in carbon tetrachloride. 

Methylated starch dextrin C. The osmotic-pressure measurements, Fig. 4 (curve VI), 
were carried out on the specimen prepared by Haworth, Hirst, and Waine (J., 1935, 1299) 
by the breakdown of potato starch with barley amylase. At the time this was thought 
to be the dextrin usually designated «-amylodextrin, but subsequently Haworth, Hirst, 
Kitchen, and Peat (J., 1937, 791) gave reasons for supposing that the true «-amylodextrin 
has a chain length of 11—12 glucose units. Osmotic-pressure determination gave a 
particle weight of 33,200 (163 glucose units). 

Dextrins A and B. These were prepared by Dr. L. N. Owen by the method of 
Haworth, Hirst, and Plant (J., 1935, 1214) by the glycerol hydrolysis of potato starch. 
Two acetates were obtained by a fractional precipitation of the acetylated dextrin, and 
from these were obtained methylated dextrin A (chemical assay: 12 hexose units) and 
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Methylated dextrins. 
II is in cm. of water. c is in grams per 100 c.c. of solvent. 


methylated dextrin B (chemical assay: 9 hexose units); osmotic pressure measurements 
(Fig. 5) gave particle weights of 22 and 14 hexose units respectively. They are the 
smallest particle weights in organic solvents determined with any osmometer up to the 
present. Bubble formation in the solvent chamber was very prone to occur in these 
measurements owing to the high pressures exhibited. The uniformity of the results 
obtained when using a 50/50 membrane, as also the low solvent chamber concentrations 
in both cases, show that such a membrane must be closely approaching perfect semi- 


permeability towards both specimens. 
EXPERIMENTAL. 


All osmotic-pressure measurements were made at 20-00°+0-02°, “‘ Viscacelle 600” being 
used as the membrane. Concentrations are expressed as g. per 100 c.c. of solvent. Pressures 
are in cm. of water. The values in each series are given in the order in which they were 
determined. The concentration of dissolved solid in the solvent chamber at the end of a 
series of measurements is represented by c,. A “‘ 70/30 membrane ” indicates that a swelling 
medium of 70 c.c. of water and 30 c.c. of alcohol was used in its preparation. Particle weights 
are given as the usual molecular weight M, and in terms of hexose units (h.u.). The result 
for methylated lichenin B in carbon tetrachloride is calculated as follows : 


(II/c)y = limit (¢ —~> 0)II/e = 17-8 cm. of water ; 
RT 22,400 x 0-1035 x 293 
(lj), ~~ 17-8 x 273 = 248,000c/II = 13,900 





M (at 20°) = 
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or 13,900/204 = 68 hexose units (h.u.), 204 being the factor for a trimethyl hexose, and 882 
for a triacetyl hexose. 

Lichenin (Fig. 1).—(I) Methylated lichenin (B) in CCl,; 0/100 membrane. 

Series (a) (May 1935) : 

c. II. II /c. c. II. II/c. C. Il. II /e. c. II. 
0-743 14-7 19-8 1577 36-1 22-9 2-690 71-6 26-6 5-992 248-4 
3-827 120-8 31-6 

Cy. = 0-015%. 
Series (b) (June 1935) : 
0-499 9-5 19-0 0-317 615° 19-4 1-195 25-2 21-1 0-171 3-1 
(II/c)p = 17-8; M = 13,900 (68 h.u.). 


(II) Methylated lichenin (B) in CHCl,; 0/100 membrane. (Oct. 1936.) 


0-382 76 199 0-837 180 21-5 1-462 365 25-0 0-619 12-6 
2-580 908 35-2 
(II /c), = 17-8; M = 13,900 (68 h.u.). 


(III) Methylated lichenin (A) in CCl,; 0/100 membrane. 
Series (a) (March 1935) : 
1986 558 281 3-270 104-3 31-9 
Series (b) (April 1935) : 
0-797 19-8 24-8 1-620 44-4 27-4 4-832 178-0 


Series (c) (June 1935) : 


0-882 21:8 24-7 0-573 13:9 243 2-668 78-8 
6-926 317-5 45-8 7-257 347-3 47-9 5-326 208-0 


Gg=> 0-006%. 
(II /c)p = 23-1; M = 10,700 (52 hu.). 


(IV) Lichenin acetate (B) in CHCl],; 0/100 membrane. (June 1935.) 


0-914 8-9 9-74 1-837 23-9 13-01 3-603 69-9 19-40 4-876 119-4 
5-674 157-4 27-74 1102 10-9 9-89 


(II /c)y = 6-8; M = 36,500 (127 h.u.). 


(V) Lichenin acetate (A) in CHCl,; 0/100 membrane. (July 1935.) 
0-755 365 4-83 1-935 1585 819 3-007 37-4 12-44 3-939 65-2 
1-206 6-6 5-47 
Ce == 0-005%. 
(II/c), = 2:1; M = 118,000 (410 h.u.). 


(VI) Lichenin acetate (B) in CHCl,; 0/100 membrane. (April 1936.) 


1-002 10-1 10-08 2-088 28-7 13-75 0-749 705 9-41 0-448 3-6 
3-960 845 21-34 


(VII) Methylated lichenin (direct methylation) in CHC],; 0/100 membrane. 
1017 12-8 12-59 2-329 46-5 19-97 3-044 75-3 2490 0-668 7-1 


1-662 26-4 15-88 
(IT /c), = 7-5; M = 33,100 (162 h.u.). 
Inulin (Fig. 2).—Inulin acetate in CHCI,. 
(I) 0/100 Membrane. 
1086 24-4 22-47 0-666 14-0 21-02 3-993 113-7 
Cs == 0-079%. 
(II) 20/80 Membrane. 
0-696 15:0 21-55 1-369 ' 24-40 
Cs = 0-034%. 
(III) 50/50 Membrane. 


0-940 26-7 28-40 1-936 60-0 30:99 3-370 1162 3448 4-524 170-0 
9-456 438-8 46-40 
Ce = 0-021%. 
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(IV) 70/30 Membrane. 
1-354 42-2 31-17 6-151 265-0 43-08 
(II/c), = 28-0; M = 8860 (30-8 h.u.). 


Methylated Inulin in Chloroform.—(V) 50/50 Membrane. 
1011 40-3 39-86 4-049 2056 50-78 7-340 466-0 63-49 0-880 34-0 
Cs = 0-028%,. 


(VI) 70/30 Membrane. 
1-278 56-8 44-44 6-047 376-4 62-25 2-462 117-0 47-52 
Cc, = 0-009%. 
(II /c)y = 40-0; M = 6200 (30-4 h.u.). 


Glycogen (Fig. 3).—Methylated glycogen from rabbit liver. 
I. In CCl,; 0/100 membrane. 
Series (a) : 
8-82 7-8 0-884 5-60 3-7 0-661 
C, = 0-001%. 
Series (b) : 
16-83 28-2 1-676 10-80 11-1 1-028 
Ce = 0-004%. 
(I /c), = 0-40; M = 620,000 (3000 h.u. . 


(II) In nitromethane; 0/100 membrane. 
8-98 83 0-924 4-45 26 0-584 15-56 29-0 1-864 


872 85 0-975 
(II /c), = 0-40; M = 620,000 (3000 h.u.). 


(III) In CHCI,; 10% NaOH membrane. 


2-033 0-68 0-334 3-250 1:19 0366 5-637 2-71 0-481 
8-606 690 0-802 15:01 366 2-44 
Ce = 0:006%. 
(II/c), = 0-30; M = 830,000 (4100 h.u.). 


Methylated glycogen from fish liver in CHCl,; 0/100 membrane. 
(IV) Dogfish. 
14-83 35-0 2-36 5-98 4:85 0-81 2-55 1-4 0-55 
7-69 8-0 1-04 
o&= 0-009%. 
(II/c), = 0-40; M = 620,000 (3000 h.u ). 


(V) Haddock. 
10-55 21-1 2-00 6-53 6-0 0-92 3-96 2-6 0-66 
(II /c),> = 0-40; M = 620,000 (3000 h.u.). 


(VI) Hake fish. 


15-53 1430 921 12:31 63: 
469 876 1-62 2-95 
(II /c)> = 


3 5-14 985 346 3-51 
9 1:32 1-78 19 1-07 
0-91; M = 273,000 (1340 h.u.). 


Liver Glycogen Acetates in Chloroform.—0/100 Membrane. 
Dogfish. 
16-75 56 0-334 9-24 1:35 0-146 5-84 0-6 0-103 
(II/c)p = 0-07; M = 3,500,000 (12,000 h.u.). 


Haddock. 
8-94 40 0447 532 165 0-310 
(II/c)p = 0-19; M = 1,300,000 (4500 h.u.). 





674 The Osmotic Pressure of Solutions, etc. Part II. 


Hake fish. 
13°95 6-8 0-487 8-2 2-1 0-256 5-1 1-0 0-196 3-13 0-5 0-160 
(II/c)y = 0-13; M = 1,900,000 (6600 h.u.). 


Rabbit. 
14-70 62 0-422 1131 32 0283 889 19 0-214 
(II/c)y = 0-1; M = 2,500,000 (8700 h.u.). 


Starch (Fig. 4).—Methylated potato starch A; 0/100 membrane. 
(I) In CCl, : 


1-46 4-1 2-81 5-75 30-5 5-30 10-81 1385 12-81 
3-01 11-2 3°72 


Cy = 0-000%. 
(IT/c), = 2-0; M = 124,000 (610 h.u.). 


(II) In CHC], : 
1-87 80 4-28 3-30 8624-3 7-36 1-20 3-9 3-25 
1-78 73 410 0-68 19 2-79 560 79:0 14-11 
(II/c)p = 2-0; M = 124,000 (610 h.u.). 


(III) Methylated potato starch B in CHCl,; 0/100 membrane. 
1-504 8-3 5-52 2-018 12-8 6-34 2-630 20-0 7-60 
Ce = 0-004%. 


0-803 35 4:36 
(II/c), = 3-5; M = 71,000 (350 h.u.). 


(IV) Methylated “ soluble ” starch in CCl,; 0/100 membrane. 


1-836 17-3 9-42 1155 106 918 4-615 493 10-68 
3-152 31:0 9-84 8-420 104-7 12-43 


Ce = 0:000%,. 
(II/c)p = 88; M = 28,200 (138 h.u.). 


(V) Methylated maize starch in CHCl],; 0/100 membrane. 
1-332 112 8-41 1909 176 9-22 2-444 25-6 10-47 
Ce = 0-016%. 
(II/c)) = 6-5; M = 38,200 (187 h.u.). 


Starch Dextrins.—Methylated starch dextrin C in CCl,; 0/100 membrane (Fig. 4, Curve 
VI). 
1-99 16-9 8-49 1-00 79 7-90 3°96 40-7 10-28 1-92 16-7 8-70 
7-82 1183 15-13 
(II/c)) = 7-5; M = 33,100 (162 h.u.). 


Methylated dextrin A in CCl, (Fig. 5). 
(I) 0/100 Membrane. 
1-679 79-3 47-23 7-938 438-0 55-18 
Cy = 0-019%. 
(II) 50/50 Membrane. 
Series (a) : ‘ 
1591 89-5 656-25 7-778 6522-0 67-11 
Cc, = 0-008%. 
Series (b) : 
2-326 135-1 58-08 
Series (c) : 
7-018 4513 64-31 3-993 241-6 60-51 
Cs = 0-002%. 
(II/c)) = 55-0; M = 4510 (22-1 h.u.). 
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Methylated dextrin B in CCl, (Fig. 5). 
(III) 0/100 Membrane (curve not drawn). 
0-856 57-6* 67-29 4-060 316 #£77°8 1-700 106-0 62-35 0-754 40-5 53-71 
»  626¢ 61-45 * 
C. = 0-044%, 
* Solution stirred. tT Solution stagnant. 


(IV) 50/50 Membrane. 
3-868 372 96-17 1-710 153-3 89-77 0-743 65 87-48 1-747 156 89-30 
2-620 243 92-75 
C= 0-003%. 
(II/c)p = 85-5; M = 2900 (14-2 h.u.). 


The authors desire to express their indebtedness to Professor W. N. Haworth, F.R.S., for 
the specimens examined and for his encouragement and keen interest in the work. They also 
thank the Department of Scientific and Industrial Research for a grant to one of them (B. R. R.). 


UNIVERSITY OF BIRMINGHAM, EDGBASTON, [Received, March 8th, 1939.] 
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A pplication of Constant Sulphite Solution to the Study of the Reaction between Sulphurous Acid 
and Iodic Acid. By ANDREW HENDERSON and WALTER P. McCuLLocu#. 


THE reaction between sulphurous acid and iodic acid has frequently been studied since it was 
first investigated by Landolt (Ber., 1886, 19, 1317; 1887, 20, 745), and it was hoped that the 
use of a constant sulphite solution (this vol., p. 506) might eliminate some of the difficulties 
in the work. 

Each of the three variables, (i) weight of total mixture, (ii) weight of iodic acid, and (iii) 
weight of sulphur dioxide, was in turn altered, the other two being kept constant, and the 
present communication records results obtained in experiments of type (i). 

A constant weight of constant sulphite solution in a vessel thinly coated with paraffin is 
rapidly poured into a solution of a constant weight of Kahlbaum’s iodic acid, J, and of sulphuric 
acid, A, in a volume of water which may be varied, and the time required for reaction, ¢, is 
noted. The sulphuric acid is calculated to suffice to liberate all the available sulphurous acid 
(taken as the anhydride), S, from the sulphite, very dilute starch emulsion is used as indicator, 
and the temperature is recorded on a standard thermometer. The total weight of the mixture 
of the two solutions, K (in kg.), is used as the variable. 

As recommended by Landolt, wide beakers (Jena) are used for the mixtures, but the upper 
part of the inside walls is coated with a thin layer of paraffin so that pouring or stirring does not 
affect the mixture. Two observers note the time for reaction, taking their zero severally from 
the beginning and from the completion of the pouring. (These reaction times are denoted in 
the tables by “‘ M.” and “‘ H.”’ respectively.) 

Even for experiments of considerable duration, the values of ¢ were satisfactorily concordant. 

Mathematical Expression of the Data.—Consideration of the data of many series of experi- 
ments showed that, for consecutive equal increments of K, the difference between the 
corresponding values of ¢/K* formed an arithmetical progression. Hence d*(t/K*)/dK* =a 
i.é., t/K* = aK? + bK +c 
or, with different constants, t= AK*(K? + BK + C). 

Three observations, then, determine the curve, and the following examples, in each case 
selected from 18 time readings all of which fitted the curve accurately, demonstrate the accuracy 
of the above expression. Time is recorded in seconds and the observed values are means. 

Series I. Series IT. 
Temp., 18-35°. Temp., 16-5°. 
OTe ge} for each mixture. 
K* (114 + 335-1K — 58K*). 
t, obs. 


0- 


aoe g. for each mixture, ; oe 
2 i= 


K?* (103-06 + 232K — 36K?). 


t, obs. 





t, calc. M. H. : t, calc. M. H. 

526-265 526-85 526-33 ‘ 691-016 693-53 694-10 
299-060 299-00 298-30 ; 391-100 391-28 390-48 
144-456 144-58 143-43 . 187-144 187-25 186-03 
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It was of interest to find that Landolt’s data (Part II; Series I and II) for sulphurous acid 
itself conform to expressions of this type, viz., 


Series I: ¢ = K*(35 + 139K — 30K?) 
Series II: ¢ = K*(23-24 + 71-4K — 13K?) 


Dilutions greater than those given have been tested with satisfactory results, but doubts 
as to the maintenance of concentrations and of temperature and particularly as to the increasing 
faintness of the iodine indication do not warrant their reproduction; throughout the above 
range the end-point is quite sharp. 

Should the formula apply at all dilutions, the time should attain a maximum value and 
finally become zero, and in this connexion it is of interest that Patterson and Forsyth’s data 
(J., 1912, 101, 40) show that replacement of water by increasing amounts of acetone causes the 
time to increase to a maximum and then decrease rapidly. A further examination of this 
effect might be illuminating. 


The authors desire to record their very great thanks to Emeritus Professor G. G. Henderson, 
F.R.S., for his keen interest and advice.—TuHE UNIVERSITY, GLascow. ([Received, November 


18th, 1938.] 





The Chemisiry of Natural Rubber. By J. W. HAEFELE and E. M. McCo.m. 


RoBeErts (J., 1938, 215, 219) dissolved air-dried films from fresh latex in acetone—carbon 
tetrachloride and coagulated the solution by the addition of further acetone: the supernatant 
liquid contained an ingredient which was soluble in ligroin, contained sulphur, might be elastic, 
and was termed by Roberts, “ caoutchol.” 

Roberts stated that removal of this ‘ caoutchol” ingredient caused marked changes in 
the properties of the remaining rubber “ characterised by its lack of tensile strength and the 
remarkably low viscosity of its solutions.” This rubber was dried in air for 24 hours, dissolved in 
benzene, centrifuged, and emulsified with water, and the benzene removed by steam distillation. 
The rubber remaining was tacky and feebly elastic after drying in a vacuum, and was termed 
“* caoutchene.” 

Roberts developed the theory that the elasticity of crude rubber is due to the presence of 
“ caoutchol,” and that without “‘ caoutchol,”’ rubber has very poor elasticity and low viscosity 
in solution. 

Insufficient attention has been paid to the réle of oxygen in the purifications described. 
Roberts states: ‘‘ The process has been carefully examined, particularly with respect to the 
possibility of oxidative or other changes in the constituents. No evidence of such changes 
has been obtained.’’ Yet the coagulated rubber, after removal of the “‘ caoutchol,”’ but prior 
to steam distillation, was milled in air, and dried in air for 24 hours, during which time consider- 
able oxidation could have occurred. 

The following analysis of “‘ caoutchene’”’ is given: C, 87-0; H, 11:8; N, 0-5; S, 0-1; O 
(by diff.), 0-6%. The oxygen content is stated to be equivalent to the nitrogen content, since 
the two occur in the same ratio as in most proteins, and therefore the oxygen found by difference 
is assumed to be protein oxygen, and not combined with the hydrocarbon. This assumption 
is not necessarily justified, in view of the error inherent in estimating oxygen by difference from 
combustion-analysis results of carbon, hydrogen, and sulphur, which is large relative to the 
low value of the nitrogen found. It must therefore be concluded that the analysis given does 
not constitute a proof that oxygen has not been taken up by the hydrocarbon in the “ caout- 
chene”’ fraction during its preparation. 

We prepared rubber free from the ‘ caoutchol” fraction and found it to be elastic and 
non-tacky if sufficient precautions were taken to conduct the purifications in oxygen-free 
nitrogen. Fresh latex, an hour old, was coagulated by running it into 95% ethyl alcohol, to 
avoid any possible bacterial changes which may have occurred in Roberts’s procedyre of rela- 
tively slow air drying. The coagulum was pressed, and vacuum-dried to a moisture content 
of 0-15%. The dry rubber was dissolved four times in dry carbon tetrachloride—acetone under 
oxygen-free nitrogen and precipitated four times by the addition of further dry acetone, 
approximately Roberts’s proportions of solvents being used. This solution and precipitation 
procedure for the removal of “‘ caoutchol,” Roberts carried out only once. The final precipitate 
of rubber was freed from solvent in a vacuum, milled thin, and dried in a vacuum over sulphuric 
acid, the air in the desiccator having been replaced by nitrogen before evacuation. The dry 
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piece of rubber so obtained was not tacky and was quite elastic as determined in the hand. 
It began to show tackiness after 24 hours’ exposure to air. 

This experiment with dry rubber and solvents fulfils Roberts’s specification, given in a private 
communication, that the removal of ‘‘ caoutchol ” from rubber is complete only in the absence 
of moisture. The removal of “‘ caoutchol” from rubber does not lead to tackiness and loss 
of elasticity. These properties appear when “ caoutchol-free ” rubber suffers oxidation, but 
do not appear if oxygen is excluded from the rubber, during or after its preparation.—UNITED 
StaTES RUBBER PLANTATIONS, BOENOET, KISARAN, SUMATRA, East Coast. [Received, June 
3rd, 1938.] 





The Dipole Moment and Configuration of Arsenobenzene. By R. J. W. Le Févre and 
C. A. PARKER. 


No evidence appears to exist concerning the configuration of molecules containing arsenic atoms 
at the same time both doubly and singly linked to other atoms. Because of the obvious 
connexion with the azobenzenes (see this vol., pp. 531, 535) we have determined the dipole 
moment of arsenobenzene in benzene solution, in which, however, it was not very soluble. The 
results are tabulated below under the customary headings; it is evident from the relative 
magnitudes of the total molecular polarisations (P,) and the molecular refractions for the three 
solutions that the solute has a vanishingly small moment. 


Arsenobenzene in Benzene at 25°. 


W, Xx 108. 3500" ae". Pris: Pa ny V1 [Rz]p- 


0 2-2725 0-87380 0-34085 —_ 1-49724 0-33502 _ 
886-6 2-2727 0-87405 0-34079 83-0 1-49728 0-33495 80-9 
1404-1 2-2732 0-87439 0-34075 82-0 1-49746 0-33492 79-9 
2041-9 2-2730 0-87440 0-34071 82-6 1-49742 0-33489 82-5 


Arsenobenzene therefore has a symmetrical molecule, which by analogy with the stable form 
of azobenzene, is the érans-form. It may, however, be much more nearly rectilinear than is 
trans-azobenzene, owing to the larger volume and consequent easier deformability of the arsenic 
than of the nitrogen atoms. 

Preparation.—This was accomplished by reduction of phenylarsonic acid (‘‘ Organic Syn- 
theses,’’ Vol. XV, p. 59) with hypophosphorous acid at 60° as described by Palmer and Scott (/. 
Amer. Chem. Soc., 1928, 50, 536) except in the following respects : (1) coal-gas was used as an 
inert atmosphere instead of carbon dioxide; (2) for the purification, the dried crude reduction 
product from 10 g. of phenylarsonic acid was dissolved in chloroform (100 c.c.) under coal-gas 
and dried with sodium sulphate. Rapid filtration and evaporation on the steam-bath with 
continued exclusion of air until crystallisation began gave, after cooling, filtration, and washing 
with alcohol, 0-5—1-0 g. of nearly colourless needles; m.p.’s, in different preparations, 201—203°, 
205—206°, 209°, and 211—212°. The literature shows some variation in the m. p., the highest, 
however, being 212° (Palmer and Scott, loc. cit.) (cf. Michaelis and Schafer, Ber., 1913, 46, 1742). 

The benzene solutions used in the above measurements quickly became cloudy (? oxidation) 
even when kept inthe dark. The solution of w, = 0-002042 was exposed to direct sunlight in a 
white glass flask for 1 hour, after which its dielectric constant was 2-2735, but as the solution was 
then no longer clear, the slight increase could not be taken as evidence of any geometrical change 
(cf. this vol., p. 531)—THE Str Witttam Ramsay AND RALPH ForsTER LABORATORIES, 
UnIvERSITY CoLLEGE, Lonpon. [Received, January, 25th, 1939.] 





1-Azabicyclo[1 : 2: 3joctane. By V. PRExLoG, (Miss) S. HermmBacu, and E. CERKOVNIKOV. 


1-Azabicyclo[1 : 2: 2)HEPTANE is easily obtainable by intramolecular ammonium salt formation 
from ae-dibromo-y-aminomethylpentane (Prelog, Cerkovnikov, and Ustricev, Annalen, 1938, 
353, 37). As the dicyclic amine must have a pyrrolidine derivative as an intermediate, which 
is then bridged in the 1 : 3-position of the pyrrolidine ring, there was no reason to suppose that 
piperidine could not be bridged in the 1: 3-position. Our attempts to realise such a case have 
been successful. 3-8-Hydroxyethylpiperidine, synthesised by the procedure of Merchant and 
Marvel (J. Amer. Chem. Soc., 1928, 50, 1197) from ethyl nicotinate, furnished with concentrated 
hydrobromic acid the hydrobromide of the corresponding bromo-derivative (I). By dropping 
the solution of 3-8-bromoethylpiperidine hydrobromide into a dilute solution of sodium 
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hydroxide a tertiary base was obtained which is certainly the expected l-azabicyclo[1 : 2: 3joctane 
(II). It is a water-soluble, steam-volatile substance. The determination of the molecular 
weight of the hydrochloride in alcoholic solution by the Barger~Rast method (Ber., 1921, 54, 
1979) proved its simple molecular weight. A molecular-weight determination of quinuclidine 
hydrochloride carried out under the same conditions showed that the low molecular weight is 
not due to dissociation of the hydrochloride. The new base has been characterised by the well- 


crystallised platinichloride and picrate. 


CH,—CH—CH, 
(lL) H oo *CH,°CH,Br CH, CH, (II.) 


mS CH, CH,—-N—CH, 


‘a 


Attempts to prepare l-azabicyclo[1 : 3: 3)nonane, as the further representative of 1 : 3-bridged 
piperidine derivatives, are being carried out. 

3-8-Bromoethylpiperidine Hydrobromide.—3-B-Hydroxyethylpiperidine (0-35 g.) was heated for 
4 hours in a sealed tube with concentrated hydrobromic acid (15 c.c., 69%). The excess of the 
acid was removed by distillation under reduced pressure, and the solid crystalline residue twice 
recrystallised from acetone—ether; m. p. 116—116-5° (Found: N, 5-2. Calc. for C,H,,NBr, : 
N, 5-1%). The recrystallisation was accompanied by great loss of material. 

1-Azabicyclo[1 : 2 : 3]octane.—The crude 3-8-bromoethylpiperidine hydrobromide obtained 
from 0-35 g. of 3-8-hydroxyethylpiperidine was dissolved in water (25 c.c.) and dropped into 
n/10-sodium hydroxide (100 c.c.) at 50° during 1} hours. After cooling, benzenesulphonyl 
chloride (8 g.) and 15% sodium hydroxide solution (10 c.c.) were added (Prelog, Cerkovnikov, 
and Ustricev, Joc. cit.) and stirring was continued for 2} hours. The volatile tertiary base 
isolated by steam-distillation needed 0-73 c.c. of N-hydrochloric acid (methyl-red) for neutralis- 
ation. Yield, 27% of the theoretical. 

The hydrochloride separated from acetone-ether in white crystals, which sublimed above 300° 
without melting (Found: N, 97. C,H,,N,HCl requires N, 9-5%). A solution of 5-4 mg. 
of the substance in 205-1 mg. of alcohol was between 0-151 and 0-209 nN (Found: M, 126—174). 
5-2 Mg. of quinuclidine hydrochloride in 197-4 mg. of alcohol behaved similarly. 

The platinichloride was readily soluble in water and less soluble in alcohol. Recrystallisation 
from water yielded orange crystals, m. p. 215—215-5° (Found: Pt, 30-8. C,,H,,N,,H,PtCl, 
requires Pt, 30-9%). 

The picrate crystallised from methyl alcohol in yellow needles, m. p. 294—295° (Found : 
C, 46-1; H, 4:75; N, 16-55. C,H,,;N,C,H,O,N, requires C, 45-9; H, 4:7; N, 16-5%).— 
THE UNIVERSITY, ZAGREB, YUGOSLAVIA. [Received, January 3rd, 1939.) 








ANNUAL GENERAL MEETING 


Tue Ninety-Eighth Annual General Meeting was held at Burlington House on 
Thursday, March 30th, 1939, the President, PROFEssoR F. G. DoNNAN, being in the Chair. 
The business portion of the meeting took place at 2.30 p.m. 

The notice convening the meeting was read. 

The Report of Council for 1938 (see pp. 682) was presented, and the Senior Secretary, 
who was then called upon by the President, said, in introducing the general sections of 
the Report, that the arrangement of the Report was similar to that adopted for the last 
few years, and that he need only draw attention to a few special features and add 
comments on developments which had taken place since the Report was issued. 

The Committee appointed to consider means of increasing the membership of the Society 
[Section I (4)] has worked in close co-operation with the corresponding Committee of the 
Society of Chemical Industry, and joint recommendations on certain matters have been 
submitted to the two Councils. 

In Section II (1) more extensive statistics have been given than in previous years. A 
noteworthy feature is that during the past six years there has been a progressive decline 
in the proportion of papers dealing with inorganic and physical chemistry in the Journal. 
This is believed to be due, not to any decrease in the total output of such papers in the 
British Isles, but to a larger proportion of them being published in other journals. If the 
sole result of this tendency were to be a saving in the publication expenses of the Society, 
it might be welcomed; but it will be realised that, if the Journal should become mainly a. 
medium for the publication of papers on organic chemistry, it would become increasingly 
difficult to persuade workers in other branches of chemistry to give the support which 
they should to the Society. 

The issue of Reprints of Lectures is a new service which has been introduced in response 
to several requests, and from the number of applications already received, it appears that 
this service is valued by many Fellows. 

It is satisfactory to find that the enlarged Abstracts A III, covering physiology and 
biochemistry, have been well received both in this country and abroad, and that the 
interest taken in this publication by the Anatomical Society has already led to a further 
widening of the scope of the work of the Bureau of Chemical and Physiological Abstracts. 

In Section II (4) it will be seen that an endeavour is being made to make the Annual 
Reports of greater interest to the non-specialist without detracting from their value to 
those requiring detailed summaries. This is not an easy matter, and we shall await with 
interest the Reports for 1938, which will be issued shortly. 

Reference is made in Section V (3) and in the Annual Report of the Chemical Council 
(Appendix A) to the preparation of a scheme for further co-operation between the three 
Chartered Chemical Bodies. A complete new scheme has now been put forward by the 
Chemical Council as a basis for discussion, and is being examined by the Councils of the 
three bodies. 

The question of obtaining increased accommodation for the Library and for adminis- 
tration purposes is being re-examined in relation to the requirements of other Societies in 
Burlington House, and it is hoped that under the leadership of the Royal Society it will 
soon be possible to take joint action on this pressing problem. 

The Society has been obliged to give attention to means for safeguarding its property 
in the event of a national emergency. Certain irreplaceable books and documents have 
already been sent out of London, and arrangements have been made for providing such 
protection for the Library as is reasonably possible. 

Preliminary arrangements for the Centenary celebrations to be held in April 1941 are 
now in hand, and the Organising Committee has appointed an Executive Committee to 
proceed with the work. 

Fellows will have been pleased to learn that His Majesty the King has graciously 
consented to become the patron of the Society. 
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The scheme for Territorial representation on Council appears to have met the wishes of 
Fellows in the various constituencies with surprising exactness, in that the number of 
nominations put forward in five out of the six constituencies was identical with the number 
of vacancies. 

The Annual Reports of the Bureau of Chemical and Physiological Abstracts and of the 
Joint Library Committee are printed as Appendix B and Appendix C respectively. 

In Section VIII reference is made to Fellows who have represented the Society on 
other bodies and at public functions. The Council has expressed its cordial thanks to these 
Fellows and to those who have freely given their valuable services to the Society in various 
other capacities during the year (Section IX). 

Finally, the Senior Secretary said that he wished on behalf of the Council to pay a 
tribute to the work which Mr. Carr and his staff had done for the Society during the year. 
Everyone realises that the business of the Society has been increasing in volume and com- 
plexity in recent years; but only the Officers can actually know the extent to which these 
developments have imposed additional work on the staff, or assess the magnitude of the 
effort which all members of the staff have made to deal with the situation. All of them 
have shown not only attention to duty, but a real devotion to the interests of the Society. 
The Senior Secretary was happy to state that the Council has recently been able to afford 
some relief to a seriously overworked staff by authorising the employment of an additional 
clerk; and he knew that all would welcome the action of the Council in conferring on 
Mr. Carr the more appropriate title of General Secretary and on Mr. H. J. Morris the 
title of Assistant General Secretary. 


The Treasurer, on being called upon by the President, referred to the great loss of Mr. 
Emile Mond, who had filled the office of Treasurer for seven years, stating that it was 
particularly to be regretted that he was not there to present the accounts for 1938, as 
they showed a definite improvement over those of the previous year, mainly due to changes 


resulting from his foresight and wisdom in dealing with the finances of the Society. 

The Treasurer then dealt with the Accounts in broad outline, and taking first the 

General Purposes Account, he pointed out that the deficit was £288, as against {757 in 
1937. He then called attention to the innovation of including overhead charges against 
both the Journal and the Abstracts, a change which enabled the actual cost of the public- 
ations to be determined. Passing on to the Publications Fund, he referred to the chief 
items which had contributed to the decreased deficit, stating that this year the Abstracts 
had cost the Society £7204, as against £7665 last year, or, allowing for overheads, a saving 
of £881. The Journal had cost £915 more than last year, or £595, allowing for the same 
overhead charge last year, due to an increase of 104 pages and to the higher cost of 
paper. 
He then referred to the two new Accounts which appeared for the first time, the Faraday 
Lecture Fund (see p. 704) and the Tilden Bequest. The latter is the residue of the 
estate of Lady Tilden, which has been divided equally between the Royal Society and the 
Chemical Society. 

The Treasurer showed diagrams which indicated that the publications supplied to 
Fellows cost considerably more than the annual subscription received from them, and 
stated that this matter is engaging the attention of the Council. He also showed that 
the value of the Society’s assets had increased, pointing out that the Society’s greatest 
asset, the Library, is now insured for £29,200, as compared with £22,500 ten years ago, 
and that the market value of the investments had more than doubled since 1912. -He 
stated that this increase was largely due to the inauguration of the Publications Fund 
some fifteen years ago by the then Treasurer, Professor J. F. Thorpe. 

In conclusion, he stated that, though the Society’s finances cannot be said to be in 
a satisfactory state until income balances expenditure without the aid of grants from 
outside sources, he was confident that the deliberations of the Chemical Council would 
result in a scheme whereby the Chemical Society will reach that very desirable and essential 
condition of balancing its accounts. Finally, the Treasurer expressed his thanks to the 
General Secretary and his staff for the assistance they had rendered to him. 
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The adoption of the Report of Council for 1938, including Statement of Accounts and 
Balance Sheets, was proposed by-Professor A. Findlay, seconded by Dr. J. W. Baker, and 


carried unanimously, 
The result of the election to vacanies on the Council for 1939 was declared as follows : 


President : Sir Robert Robinson. 

Treasurer : F, P. Dunn. 

Honorary Secretary : G. M. Bennett. 
Professor F. G. Donnan, as retiring President, becomes a Vice-President who has 

filled the office of President. 

Vice-Presidents who have not filled the office of President: 1. M. Heilbron, J. Kenyon, 
E. K. Rideal, S. Sugden. 

Elected Ordinary Members of Council : 


(a) Constituency I. S.E. England. 
E. J. Bowen (Oxford). 
H. J. T. Ellingham (London). 
(6) Constituency II. Central and S.W. England and S. Wales. 
H. T. S. Britton (Exeter). 
J. E. Coates (Swansea). 
E. L. Hirst (Bristol). 
(c) Constituency III. N.W. England, N. Wales and Isle of Man. 
J. Kenner (Manchester). 
A. R. Todd (Manchester). 
(d) Constituency IV. N.E. England. 
H. L. Riley (Newcastle-on-Tyne). 
(e) Constituency V. Scotland. 
A. Findlay (Aberdeen). 


A vote of thanks to the Treasurer, Honorary Secretaries, Council, and Committees for 
their services during the year, proposed by Professor J. M. Gulland and seconded by 
Mr. William Macnab, was carried unanimously, and acknowledged by Dr. H. J. T. 
Ellingham. 

On the motion of Dr. J. Kenyon, seconded by Professor H. T. S. Britton, Messrs. W. B. 
Keen & Co. were appointed Auditors for 1939. 

The meeting then adjourned for tea. 

On the resumption of the meeting at 4 p.m. the President presented the Longstaff 
Medal for 1939 to Professor I. M. Heilbron, and said that Professor Heilbron’s interests 
had lain mainly in the field of those natural products which have included the higher 
terpenes and related compounds. He had studied the components of fish-liver oils, and 
investigated and solved the constitution of squalene, a triterpenic hydrocarbon obtained 
from the elasmobranch. His conclusions in this field were vindicated by Karrer’s synthesis 
ofsqualene. Professor Heilbron had also made important contributions to the chemistry of 
vitamin A, and of the related carotenoid pigments. Particularly interesting in this 
connection was his work on the pigments of the alge. Professor Heilbron had devoted 
much attention to the chemistry of ergosterol and its photochemical transformation 
products, and was responsible for many of the observations which led to the unravelling 
of the molecular structure of the antirachitic vitamin D. His work had thrown much 
new light on the chemistry of the triterpenes, a field of investigation in which he is now 
actively engaged. Professor Heilbron had been the leading exponent in this country of 
the microchemical methods and modern technique which have been largely responsible 
for the fundamental advances made in the organic chemistry of natural products in recent 
years, and the outstanding character of his school is recognised throughout the world, 

In acknowledging the award, Professor Heilbron expressed his thanks to the President 
and Council for the great honour they had done him in conferring the Longstaff Medal on 
him, and thus having his name added to the list of those who, since the inception of the 
Medal nearly sixty years ago, had by their outstanding contributions added lustre to British 
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Chemistry. He realised all too well how far his own work fell short of the heights reached 
by those who preceded him on this honoured list, and he concluded that the Council, in 
the goodness of its heart, must either have awarded him the medal as compensation for 
having brought him from the sunny North to the grimness of the Metropolis, or possibly 
as an encouragement to further effort at the Imperial College. He desired to take the 
opportunity to pay tribute in the first place to his wife, who for so many years had borne 
with patience and understanding the peculiar temperament of the chemist ; secondly, to 
his old friend and chief, Professor G. G. Henderson, to whom he owed so much; and last 
but not least he desired to place on record his deep appreciation of the loyal co-operation 
of his many colleagues and research students in the Universities of Liverpool and 
Manchester. It would have been impossible for him to have gained this honour without 
their generous and ever-willing support. . 


The Harrison Memorial Prize for 1938 was then presented to Mr. Alexander King by 
the President, who said that Mr. King had teceived his chemical training at the 
Imperial College, South Kensington, graduating as B.Sc. in 1929 and as M.Sc. in 1931. 
From 1930 to 1931, he had worked in the Physical Chemistry Institute of the University 
of Munich under Professor K. Fajans, and from 1931 to the present date held a post at 
Imperial College, where he is now a Lecturer. He also acts as Chief Consultant to Messrs. 
Universal Emulsifiers, Ltd., being in charge of technical research for this firm. A Lever- 
hulme Fellowship was granted to him in the summer of 1938 as leader of a scientific 
expedition from Imperial College to Jan Mayen in the Greenland Sea. His original 
investigations on Adsorption and on Emulsions and other Colloid Topics form notable 
contributions to our knowledge of physical chemistry. 

Mr. Alexander King in acknowledging the Prize expressed his sincere thanks for the 
honour that had been done him in awarding him the Harrison Memorial Prize. It was 
appropriate that it should be realised at this time that the prize was essentially a memorial 
and that the appalling loss of life and ability which took place during the Great War should 
be remembered. In receiving this prize he had to thank not only those who had so kindly 
awarded it to him, but also those who had helped him to gain it, namely, his teachers, 
amongst whom he was especially indebted to Professor Philip, and his students. Finally, 
he stated that he realised that the award of the Harrison Memorial Prize was not only a 
reward, but that it carried with it the obligation to justify the award by the results of 
future researches; this he would strenuously endeavour to do. 


The President then delivered his Presidential Address entitled ‘‘ The Réle of Osmotic 
Pressure in the Development of Chemical and Biochemical Science,”’ at the conclusion of 
which a vote of thanks to him for his services in the Chair during the past two years and 
for his Address, with the request that he would allow his Address to be printed in the 
Journal, was proposed by Professor W. E. Garner, seconded by Professor T. J. Nolan, and 
carried with acclamation, the President making brief acknowledgment. 


REPORT OF COUNCIL, 1938. 


I. FELLOWSHIP. 
(1) Fellowship Statistics. 


The number of Fellows on the 3lst December, 1937, was 3775. During 1938, 225 
Fellows were elected and 18 reinstated, the corresponding figures for 1937 being 221 and 
14, respectively. The Society has lost 61 by death, 111 by resignation and 47 by removal 
owing to non-payment of annual subscription, making a total loss of 219, as against 206 in 
1937. The number of Fellows on the 31st December, 1938, was 3799, showing an increase 
of 24. 

The names of those Fellows to whom the Council have conveyed congratulations on their 
completing 60 and 50 years of Fellowship have been published in the Proceedings. 

During the year, 5 Honorary Fellows were elected, the number now being 34. 
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(2) Honours. 
The congratulations of the Society were conveyed to the following Fellows whose names 
were included in the lists of New Year and Birthday Honours : 


T. H. Easterfield 
. J. Fox 


Robert Robinson 


The Council also conveyed congratulations to Professor G. Barger on his receiving the 
Davy Medal of the Royal Society, to Mr. B. Mouat Jones on his appointment as Vice- 
Chancellor of the University of Leeds and to Dr. Irvine Masson on his appointment as 
Vice-Chancellor of the University of Sheffield. 


(3) Deaths. 


The Council have had to mourn the loss of two Honorary Fellows, Professor Georges 
Urbain (on 6th November) and Geh. Reg. Rat Professor Dr. G. Tammann (on 17th 
December). 

By the death on 30th December of the Treasurer, Mr. Emile Mond, the Council have 
suffered the loss of a revered and honoured colleague who was beloved by all those with 
whom he came into contact and who, during the eight years he was Treasurer, rendered 
conspicuous service to the Society by his wisdom and prudence in guiding its financial 
affairs. The Council have also to express their deep regret at the death on 27th October 
of Sir Robert Mond, a great benefactor to the Chemical Council, who had been a Fellow 
of the Society for over 46 years. 

The Council have to mourn the loss on the 25th August of Mr. John Greenaway who 
served the Society as Editor or Sub-Editor for a period of over 40 years and as Vice- 
President from 1924 to 1927, and record their high appreciation of the valuable services 
he has rendered to the Society. 

Resolutions passed by the Council were communicated to Fellows at the Scientific 
Meetings, and the condolences of the Council have been conveyed to the relatives of those 
Fellows whom the Society has lost by death during the year. Memorial lectures or obituary 
notices have been arranged. 


(4) Means of Increasing Membership. 


In December the Council appointed a Committee to consider the question of the 
recruitment of new Fellows, and it has been agreed that this Committee shall work in close 
co-operation with a Committee appointed by the Council of the Society of Chemical Industry 


for a similar purpose. 
II. PUBLICATIONS. 


(1) Journal. 


The Journal for 1938 contains 2120 pages (2016), of which 1927 pages (1865) are 
occupied by 404 memoirs (425) and 27 notes (18). (The numbers in parentheses above 
are the corresponding figures for 1937.) There are also 8 lectures (86 pages), the Presi- 
dential Address (9 pages), Report of the Annual General Meeting (27 pages), Reports on 
Atomic Weights and Isotopes (12 pages), and Obituary Notices (59 pages). The 404 
memoirs comprise 108 dealing with General, Physical and Inorganic Chemistry and 296 
dealing with Organic Chemistry. 
1937. 1936. 1935. 1934, 1933. 


Number of papers received a 466 517 504 460 


Number of papers declined 9 14 8 8 
Number of memoirs published 425 414 434 443 388 

organic chemistry 306 286 303 289 241 

inorganic, physical chemistry, etc. ... 119 128 131 154 147 
Number of notes published 18 28 33 35 26 
Size of Journal (pages) 2016 1862 1907 2019 1653 
Matter other than papers (pages) 151 97 144 93 107 
— interval m receipt and 

publication of papers (weeks) ......+.. . 9-2 10-0 9-8 9-5 9-4 
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During 1938, 507 papers were received; of these, 11 were declined, 229 were accepted 
without amendment, and 175 after amendment. 

The average interval between receipt and publication of the papers is 9-3 weeks (9-2 
weeks for 1937). 


(2) Reprints. 


It has been decided to issue, as from the beginning of 1939, Reprints of Lectures (including 
the Presidential Address, opening contributions to discussions, report on atomic weights, 
etc.), appearing in the Journal in separate form to Fellows wishing to receive them in 
addition to, or instead of, certain other publications of the Society, and Fellows have been 
advised of this new service. 


(3) Abstracts. 


The report of the Bureau of Chemical and Physiological Abstracts for 1938 is repro- 
duced in full as Appendix B to this Report. 

Following the agreement entered into between the Biochemical Society, the Physiological 
Society, the Society of Chemical Industry and this Society, during 1938 Physiological 
Abstracts, which hitherto had been issued as a separate publication, has been incorporated 
in Abstracts A III which has been entitled Physiology and Biochemisiry. An agreement 
has since been entered into with the Anatomical Society to extend the scope of Abstracts 
A III to include certain papers dealing with anatomy. This change will come into force 
at the beginning of 1939. 


(4) Annual Reports. 


The Publication Committee has had under consideration the question of making the 
Annual Reports of greater interest to the non-specialist without detracting from their value 


to those requiring detailed summaries. In future, each section will contain a short general 
introduction in language as little specialised as possible, indicating in general terms the direc- 
tions in which fundamental progress has been made. Each of the specialised articles 
forming the main body of the report will have a brief introduction indicating the point of 
departure of the work described in it. 

Volume XXXIV (1937), which was published in April, contained 492 pages compared 
with 469 pages in the previous volume. 


Ill. MEETINGS. 


(1) Scientific Meetings. 


The Society has held 16 Scientific Meetings in London during 1938. These included 
6 lectures, 4 organised discussions. At the other 6 meetings 19 papers were read and 
discussed. 

30 Meetings held outside London included 24 lectures and 6 meetings for the reading of 
papers. Ofthese meetings, 18 were held jointly with local sections of other bodies. Fellows 
were invited to attend the series of 3 Bedson Lectures given at Newcastle-on-Tyne. 

The Perkin Centenary Lecture, on “‘ Sir William Perkin’s Adventure and What Has 
Come of It,” by Dr. Herbert Levinstein, was given under the auspices of the Society of 
Chemical Industry and the Chemical Society in the Hall of the Leathersellers’ Company. 

The Council have welcomed a suggestion from Local Representatives that official 
Scientific Meetings of the Society should be held from time to time outside London. It is 
proposed that two meetings, which the Officers of the Society would attend, should be 
arranged each year at centres to be determined following invitations from Local Represent- 
atives. 

A complete list of Lectures and Discussions is given in Appendix D, 
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(2) Anniversary Meetings. 

A report of the Anniversary Meetings held in Manchester on the 3lst March and Ist 
April appeared in the Journal and Proceedings for April. The cordial thanks of the Council 
were conveyed to all those responsible for the admirable arrangements that were made. 
These included the Annual General Meeting, the Presidential Address, the Anniversary 
Dinner, the Pictet Memorial Lecture, a Reception by the University of Manchester, and 
Visits to Imperial Chemical Industries, Ltd., at Blackley and Northwich and to the Shirley 
Institute. 


IV. LIBRARY. 


The Report of the Joint Library Committee for 1938 is printed as Appendix C to this 
Report. 


V. OTHER ACTIVITIES. 


(1) Grants for Research. 


Eighty-five applications for Grants amounting to £967 for research were received. 
The list of grants made, amounting to £695 8s., appeared in the Proceedings for December. 

The Council has expressed its thanks to Dr. Geoffrey Martin for presenting certain 
silicon compounds which have been placed at the disposal of the Research Fund 
Committee. 


(2) Longstaff Medal and Harrison Memorial Prize. 


The Council awarded the Longstaff Medal for 1939 to Professor I. M. Heilbron. The 
Harrison Memorial Prize for 1938 has been awarded by the Selection Committee to Mr. 
Alexander King. The presentation of the Longstaff Medal and of the Harrison Memorial 
Prize will be made at the Annual General Meeting of the Society on the 30th March, 1939. 


(3) General Services. 


In the last report it was mentioned that the Chemical Council was exploring the pos- 
sibility of introducing a general scheme for co-ordinating some of the services rendered to 
Chemists by the three Constituent Bodies. In June a “‘ Scheme for the further co-ordin- 
ation of the services of the Chemical Society, the Institute of Chemistry and the Society 
of Chemical Industry ” was put forward but was not found acceptable to all three Councils 
of the Constituent Bodies. It is understood that a new scheme is in course of preparation. 


(4) Accommodation. 


In the Report of Council for 1937 it was stated that it was impossible to accommodate 
any more books in the library, and that the possibility of using the Meeting Room for library 
and administration purposes had been considered. During the year the Council of the Royal 
Society consulted the Societies occupying rooms in Burlington House as to whether the 
accommodation provided is adequate for their needs, with a view to taking further action 
in the cases where more accommodation is required. The matter is still under consideration. 
In the meantime, as a temporary measure, the Council gratefully accepted an offer to store 
free of charge for a limited period a number of the less used volumes of the library. 


(5) Register of Chemists. 


The Council decided to assist the Council of the Institute of Chemistry in the preparation 
of a Register of Chemists whose services would be available in the event of a national 
emergency. A notice was inserted in the Proceedings for October inviting Fellows who 
wished their names placed on the list to communicate with the Registrar of the Institute 
of Chemistry or with the Assistant Secretary of the Chemical Society. 

ZZ 
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(6) Atr-Raid Precautions. 


A Committee has been appointed to consider what steps the Society should take for the 
preservation of its more valuable possessions and for the maintenance of its services in the 
event of a national emergency. 


(7) Centenary Celebrations. 


As stated in the Report of Council for 1937, the Society will complete the first hundred 
years of its existence in 1941. The Celebrations will be held during the third week of 
April 1941, and the XIth International Congress of Chemistry will immediately follow 
the Celebrations. The list of Fellows serving on the General Committee appeared in the 
Proceedings for January 1939. This Committee was given power to add to its number 
and to appoint Sub-Committees. Fellows will be kept informed from time to time of the 
arrangements that are being made. ; 


VI. ADMINISTRATION. 


(1) Personnel of Council. 


The Council decided that the President elected to office in 1939 should preside at the 
Centenary Celebrations of the Society to be held in April 1941, and in December nominated 
Professor Robert Robinson for election to this office. 

Professor I. M. Heilbron was co-opted in October a Member of Council in accordance 
with the special provision contained in Bye-Law 19. ; 

In December the Council accepted with deep regret the resignation of Dr. H. J. T. 
Ellingham from the office of Honorary Secretary as from the date of the next Annual 
General Meeting. 

The Council received with regret in October the resignation of Professor R. P. Linstead 
from the office of Elected Member of Council on his appointment to the Chair of Chemistry 
at the University of Sheffield. 

Mr. F. P. Dunn accepted the invitation of the Council to act as Deputy Treasurer 
during Mr. Mond’s illness. 


(2) Constitution of the Council and the Election of Fellows. 


In the early part of the year the Council considered various proposals affecting the 
constitution of the Council, including a scheme for territorial representation on Council, 
and the suggestion that the power of electing Fellows should be exercised by the Council. 
In March Fellows received particulars of these proposals, which necessitated various changes 
in the Bye-Laws, and, in response to the invitation of the Council, recorded their opinion 
by postal vote almost unanimously in favour of the proposals. At the Annual General 
Meeting held in Manchester on 3lst March the new Bye-Laws were adopted unanimously. 
The new scheme for territorial representation on Council will come into operation in 1939. 
Since June elections to the Fellowship have been conducted by the Council. 


(3) Local Representatives. 


During the year the Council have accepted with much regret the resignations of Professor 
F. Challenger (Leeds), Dr. S. Glasstone (Sheffield), and Dr. R. A. Morton (Liverpool), and 
have expressed their high appreciation of the valuable services rendered by them to the 
Society. Dr. A. McGookin was appointed Local Representative for Liverpool and the 
question of filling the other two vacancies is under consideration. The Council are glad 
to announce that Dr. T. Iredale has accepted an invitation to act as Local Representative 
for Australia. 

A meeting of Local Representatives was held in Manchester on 31st March, and various 
suggestions were referred to Council for consideration. 
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(4) Staff. 


In December the Council changed the official title of Mr. S. E. Carr to General Secretary 
and appointed Mr. H. J. Morris to the new office of Assistant General Secretary. 


VII. FINANCE. 


(1) Payment of Annual Subscription in Australian and New Zealand Currencies. 


Following the practice of the Institute of Chemistry and the Society of Chemical In- 
dustry regarding their members, the Council proposed that Fellows resident in Australia 
and New Zealand should be allowed to pay their annual subscription to the Society in the 
currencies of these two Dominions. This proposal was confirmed by Fellows at an 
Extraordinary General Meeting in October and Fellows resident in these two Dominions 
have been informed that they may pay their annual subscription direct to the Society’s 
Bankers in the currency of theirown Dominion. This will represent a small loss of income, 
but it is hoped that this may be offset by an increase in Fellowship. 


(2) Contributions. 


The Council gratefully acknowledge the following substantial contributions which have 
been received towards the cost of the Society’s publications for 1938 : 


£600 from the Government Publications Grant (through the Royal Society). 
£1150 from the Chemical Council. 


The following donations have been received from Fellows in commemoration of com- 
pleting their 50 years of Fellowship : 


Mr. W. R. Criper 
Mr. D. A. Griffith 


A contribution of £50, sent with the approval of the Subscribers, and representing part of 
the balance remaining over from the sum collected by the Local Committee in Manchester 
for the Anniversary Meetings in 1938, has also been received. These sums amounting to 
£95 have been placed to the Centenary Fund, and the Council record their sincere thanks 
for these generous contributions. 

The Council have also recorded their high appreciation of the generous action of the 
following Fellows who again subscribed to the Publications Fund : 


Mr. P. Appleyard, Dr. P. K. Dutt, Dr. J. A. N. Friend, Professor W. E. Garner, 
Mr. F. W. Kirkbride, Professor W. H. Lewis, Mr. Emile Mond, Professor D. H. 
Peacock, Professor R. H. A. Plimmer, Mr. W. G. Polack, Mr. J. E. B. Price, Sir David 
Rivett, Dr. H. G. Rule, Mr. F. C. Smith, Professor A. Stansfield, Major R. B. Turbutt, 
and Mr. G. W. Young; 


also to Messrs. B. H. Bowles, A. Bracher, C. A. Buckmaster, A. J. Chapman, G. A. K. 
Dalrymple, F. P. Dunn, H. W. Keenan, Hugh Main, and R. Taylor, and to Mrs. Dent, Mrs. 
Watts, and the British Xylonite Co., for presenting volumes of the Society’s publications, 
and to Dr. O. Rosenheim for presenting a bronze medal of Paul Karrer. 

The Council are gratified to report that in November they received from the Managers 
of the Royal Institution, through Sir Robert Robertson, the sum of {369 4s., representing 
the residue of a fund collected some years ago by a Committee arranging the Faraday 
Benzene Centenary Celebrations, such sum to be used in connection with the Faraday 
Lectureship and Medal. This sum has been invested, and a Faraday Lecture Account 
has been opened. 
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(3) Honorary Auditors. 


Since 1903, when Chartered Accountants were appointed to audit the Society’s Accounts, 
the Honorary Auditors have not had to assume final responsibility for the correctness of the 
Accounts. The Council’s proposal to discontinue the appointment of Honorary Auditors 
was approved by Fellows at the Annual General Meeting in Manchester. 


(4) Insurance against Accidents. 


The Council have covered by insurance against accident and against Third Party Risk 
their common law liability to the senior members of the staff not at present coming under 
the Workmen’s Compensation Act, and have also covered against Third Party Risk 
anyone visiting the Society’s Apartments in Burlington House. 


VIII. RELATIONS WITH OTHER BODIES. 
(1) Chemical Council. 

Reference has been made above to the proposed scheme of co-operation between the 
three Constituent Bodies. The third Annual Report of the Chemical Council is reproduced 
in Appendix A. 

(2) Representatives of the Society on other Bodies. 

During 1938 the Society was represented as follows : 


Bristol University Court : 

Professor F. G. Donnan. 
British National Committee for Chemistry : 

The President, Treasurer, and Senior Secretary. 
British Standards Institution : 

Council of the Chemical Division: Dr. J. J. Fox. 

Technical Committees : 

Co-ordinating the work of the Divisional Councils in regard to any British Standard 
which may be issued in future for units, conversion factors, fundamental formule, 
values for properties of materials, etc.: Dr. H. J. T. Ellingham. 

Specifications for Materials and Plant used in Electroplating: Dr. U. R. Evans. 

Standardisation of Scientific Glassware: Dr. J. J. Fox and Dr. E. B. Hughes. 

Standards for use in the Dairying Industry : Mr. A. L. Bacharach and Mr. Eric Voelcker. 

Bureau of Chemical and Physiological Abstracts : 
Dr. C. W. Davies, Mr. F. P. Dunn, Dr. G. A. R. Kon, Professor R. G. W. Norrish, and the 
Treasurer, ex-officio. 

Chemical Council : 

Professor F. G. Donnan, Professor I. M. Heilbron, Sir Gilbert Morgan. 
City and Guilds of London Institute : 

The President. 
Faraday Society : 

Colloid Committee : Mr. D. C, Henry. 
Home Office : 

Air Raid Precautions Department: Mr. J. Davidson Pratt. 
Joint Library Committee : 

Professor H. Bassett, Dr. O. L. Brady, Professor J. W. Cook, Professor C. H. Desch, Mr. 
M. B. Donald, Professor A. C. G. Egerton, Dr. H. J. Emeléus, Dr. C. F. Goodeve, Pro- 
fessor C. R. Harington, Dr. T. A. Henry, Dr. E. W. McClelland, Dr. W. H. Mills, Dr. E. E. 
Turner, Dr. J. C. Withers. 

Lawes Agricultural Trust : 
Committee of Management: Dr. E. F. Armstrong. 
Royal Microscopical Society : 
Committee dealing with Standardisation of Biological Stains: Professor A. G. Green. 


(3) Representatives of the Society at Public Functions. 


ay songs de Chimie Industrielle, Nancy, 22nd September—2nd October: Mr. W. A. S. 

er. 

Franklin Institute (Philadelphia, 19th-2lst May). Dedication and Unveiling of a statue of 
Franklin : Sir James Irvine. ; 
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1 ean Congress on Documentation, Oxford, 2lst-26th September: Mr. F. W. 

or 

Xth International Congress of Chemistry, Rome, 15th-2lst May: Professor G. Barger, 
Dr. F. H. Carr, Professor F. G. Donnan, Dr. J. J. Fox, Professor C. N. Hinshelwood, 
Professor C. K. Ingold, Mr. Emile Mond, Sir Gilbert Morgan, Sir Robert Robertson. 

Ramsay Dinner, Glasgow, 2nd December: Professor G. Barger. 

Réunion Internationa e pour la Commemoration de la Découverte du Radium, des Electrons, 
des Rayons X et des Ondes Hertziennes, Paris, 23rd-30th November: Dr. F. A. Paneth. 

Rubber Technology Congress, London, 23rd—25th May: Mr. B. D. Porritt. 

Société Chimique de Pologne; IVth Congrés de la Chimie Pure et Appliquée and Centenary 
of the death of Jedrzej Sniadecki, Wilno, 29th June-2nd July: Professor R. Truszkowski. 


IX. ACKNOWLEDGEMENTS. 


The Council express their cordial thanks to the many Fellows who have freely given 
their valuable services to the Society during the year, including Local Representatives, 
those serving on Committees, refereeing papers for the Journal, contributing to the Annual 
Reports, delivering lectures, opening discussions and reading papers. 





APPENDIX A. 


THIRD ANNUAL REPORT OF THE CHEMICAL COUNCIL. 


In submitting its Third Annual Report, the Council would recall that it was constituted 
with the object of raising and administering a fund for the purpose of meeting the cost of 
chemical publications, of promoting research, of maintaining the Library of the Chemical 
Society, and eventually of providing adequate accommodation, also of co-ordinating the 
activities and administration of the Contributing Bodies in relation to the above object 
and purposes. 

The Second Annual Report published on 6th December, 1937, contained the complete 
list of contributors to 22nd November, 1937. 

No further appeal has been issued, but a number of additional contributions, which the 
Council acknowledges with gratitude, are recorded with the Financial Statements. 

The Council will consider the question of making a further appeal for the fund in the 
early future, but, in the meantime, feels compelled to repeat the opinion, expressed in 
the Second Annual Report, that the cost of chemical publications must still be met largely 
by chemists themselves, and that every chemist, whether he wishes to possess the publica- 
- tions or not, should help in defraying the cost of their production. 

The efforts of the Council during the past year have been mainly devoted to the evolution 
of a scheme, the object of which is to distribute the burden of the cost of publications more 
equitably over the membership of the three Chartered Chemical Bodies. 

A scheme was prepared, as a basis for discussion, which aimed at raising funds for the 
publications of the Chemical Society and the Society of Chemical Industry. The Council 
held that a chemist could not keep up-to-date without the literature of those Societies, ‘and 
suggested that every member of each of the three Constituent Bodies should eventually 
pay the same annual subscription, in return for certain privileges, in the form of 
publications. 

The Council realised that there were likely to be difficulties in reconciling the views of 
the three Bodies, and possibly even the views of members of the Councils of each Body 
individually; but asked that all concerned would endeavour, so far as was possible, to 
maintain a broad view of the matter, and to support the efforts of the Council to solve the 
problem. 

It was emphasised that the scheme was submitted as “‘ a basis for discussion,’’ and in 
the hope that something definite and practical might be evolved. 

As an outcome of the consideration of the scheme by the Councils of the Constituent 
Bodies—and it is to be noted that as yet decisions have been taken by the Councils as 
representing the members and not by the members themselves—it was eventually found 
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that important practical considerations necessitated a further review of the subject by the 
Chemical Council. 

The Council has continued to endeavour to be of use to the three Constituent Bodies by 
stimulating collaboration in matters of important detail. 

The problem of centralising routine office work has been discussed. If any centralisation 
of offices should become practicable in the future, a common addressing system might be 
brought into operation, but it is held to be essential that all such work should be carried 
on in the same place as the administrative work. Consideration has been given. to the 
question of avoiding the duplication of wrappers for the distribution of the publications of 
the two publishing Societies; but no such scheme would be possible unless centralisation of 
administrative work could be effected. 

The Council has continued to negotiate contracts for printing and paper supplies. 

Loans have been advanced to both Societies to meet accounts for early deliveries of 
paper in bulk. Grants have been made towards the increasing cost of their publications, 
and the Council has also agreed to contribute £500 towards the cost of the Collective Index 
of the Bureau of Abstracts. 

The Council has also dealt with matters referred to it by the Joint Library Committee, 
and has provided for the representation thereon of the various contributing Societies. 

The Joint Library Committee for the ensuing year will be constituted as follows : 


Association of British Chemical Manufacturers : 
Dr. F. H. Carr. 
Biochemical Society : 
Dr. W. Robson. 
Faraday Society : 
Prof. J. R. Partington. 
Institute of Brewing : 
Mr. H. W. Harman. 
Institute of Chemistry : 
Prof. H. V. A. Briscoe, Mr. H. W. Cremer, Dr. J. J. Fox, Dr. E. Vanstone. 
Society of Chemical Industry : 
Dr. J. B. Firth, Dr. L. A. Jordan, Mr. A. A. McCulloch. 
Society of Dyers and Colourists : 
Mr. J. Blair. 
Society of Public Analysts : 
Dr. C. Ainsworth Mitchell. 
Chemical Society : 
Prof. A. J. Allmand, Prof. H. Bassett, Dr. O. L. Brady, Prof. J. W. Cook, Prof. C. H. Desch, 
Mr. M. B. Donald, Mr. F. P. Dunn, Dr. H. J. Emeléus, Dr. C. F. Goodeve, Prof. C. R. 
Harington, Dr. T. A. Henry, Dr. E. W. McClelland, Dr. E. E. Turner, Dr. J. C. Withers. 


The contributions of the three Chartered Bodies towards the maintenance of the 
Library during 1938 were calculated on the respective membership proportions determined 
in 1937, viz., the Chemical Society £406 14s. 2d., the Institute of Chemistry £718 5s. 4d., 
and the Society of Chemical Industry £409 15s. 6d. 

The Council records with deep regret the death of Sir Robert Mond, F.R.S., a very 
generous contributor to the fund. 

In accordance with the provisions of the constitution, Sir Robert Pickard, F.R.S., who 
had been Chairman of the Council since its formation, resigned from his representation of 
the Society of Chemical Industry, and consequently the Chairmanship of the Council. 

The Council recorded its warm appreciation of the services rendered by Sir Robert as 
Chairman, and of his endeavours to bring about closer co-operation between the various 
Bodies concerned with Chemistry, for the good of the science and the profession. The 
members of Council, in expressing their regret on his retirement, hoped that it would not 
be long before he was again associated with them in their work. 

Mr, J. Arthur Reavell, also representing the Society of Chemical Industry, retired from 
the Council, in consequence of his having ceased to be a member of the Council of the 
Society. 

The vacancies thus caused have been filled by the appointment of Mr. C. S. Garland and 
Mr. H. V. Potter. 
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Dr. Leslie H. Lampitt has been appointed Chairman in succession to Sir Robert Pickard ; 
Mr. Davidson Pratt continues as Vice-Chairman; Professor Jocelyn F. Thorpe as Honorary 
Treasurer, and Mr. Richard B. Pilcher as Honorary Secretary of the Council. 

The Council is indebted to Mr. F. P. Dunn for very helpful advice in matters relating 
to paper supplies and printing, and acknowledges with appreciation the continued honorary 
services of the Registrar and Secretary, and of the staff of the Institute of Chemistry. 


LestrE H. Lampitt, 


Chairman. 


30, Russell Square, 
London, W.C. 1. 
26th January, 1939. 





APPENDIX B 


REPORT OF THE BUREAU OF CHEMICAL AND PHYSIOLOGICAL ABSTRACTS 
FOR 1938. : 


During the year seven meetings of the Bureau were held, as well as a meeting of the 
Collective Index Sub-Committee and two meetings each of the A III Abstracts Advisory 
Sub-Committee and the B Abstracts Sub-Committee. 

The Bureau desires to place on record its deep sense of the loss it has suffered through 
the death of Mr. Emile Mond, Hon. Treasurer of the Chemical Society. The news of the 
death of Mr. A. J. Greenaway, who had been a member of the Bureau since its inception, 
and retired only at the end of 1937, was also received with great regret. 

Dr. C. W. Davies has been appointed by the Chemical Society to replace Dr. Ellingham 
as a member of the Bureau and as convenor of the A I and A II Sub-Committee; Mr. H. W. 
Cremer takes the place of Dr. Carr as a representative of the Society of Chemical Industry 
and member of the B Sub-Committee. 


Assistant Editors.—Dr. E. H. Rodd has resigned from his post as Assistant Editor in 
Section A II, and Dr. Harold Burton has been appointed in his place. 

During the severe illness of Prof. H. M. Dawson, his editorial duties have been under- 
taken by Dr. F. L. Usher. 

Dr. V. J. Woolley has been appointed to take charge of the Pharmacology and Toxi- 
cology Section of Abstracts A III. 


Section A III.—The inclusion of physiological abstracts in the Biochemistry Section 
commenced smoothly in January last. So far as the Bureau is able to judge from the 
amount of subscriptions received for this Section, the combined abstracts are highly 
appreciated. 

The Editor wishes to record his high appreciation of the enthusiastic help he has received 
during 1938 from the sub-editorial and clerical staff, especially in connexion with the 
transition stages of Section A III. 

With the approval of the Societies constituting the Bureau, arrangements have been 
made with the Anatomical Society of Great Britain and Ireland whereby a larger number 
of abstracts of papers on anatomical subjects will be included as from the beginning of 
1939, under the charge of Professor J. D. Boyd. The Anatomical Society has undertaken 
to provide the sum of £100 per annum to defray the cost of printing these extra abstracts, 
and it has been agreed to supply members of that Society with Section A III of the 
Abstracts at the price of 30s. per annum in place of 65s. 


Abstracts.—The total number of abstracts published during 1938 was 41,677, as com- 
pared with 35,939 in 1937, an increase of 5638. The appended table shows the number 
of abstracts and pages printed in each quarter, the figures for 1937 being included for 
comparison. 
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Al. A II. 
1937. 1938. 1937. 1938. 
No. of No. of No. of No. of 
Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 


Ist quarter 1912 156 2075 164 733 130 683 120 
2nd_sé,, 2376 178 2065 170 801 138 773 132 

1937 150 1778 150 781 126 81l 134 
4th ,, 1864 152 1900 160 750 136 714 132 


8089 636 7818 644 3065 530 2981 518 




















Average length per 
abstract 0-158 Column 0-165 Column 0-346 Column 0-347 Column 


A III. B. 
1937. 1938. 1937. 1938. 
No. of No. of No. of No. of 
Abs. Pages. Abs. Pages. Abs. Pages. Abs. Pages. 


Ist quarter 1458 108 2897 252 3925 298 4010 326 
2nd_si,, 138 3490 294 4424 328 4869 414 

122 2909 228 4555 360 4439 368 
a i 136 3658 292 5496 428 4606 404 


504 12,954 1066 18,400 1414 = 17,924 1512 














Average length per 
abstract 0-158 Column 0-164 Column 0-154 Column 0-170 Column 


Of the 17,924 B Abstracts, 11,754 were from journal literature and 6170 from patents. 
The increase noted above in the average length of the B Abstracts is due to the fact that 
an increased proportion of these was from the journals compared with patents (figures for 


1937: 10,883 and 7517, respectively). There is very little change in the average length 
of the other Sections, but the doubling of the size of Section A III as a result of the 
inclusion of Physiological Abstracts is noteworthy. 


Annual Index.—The joint Annual Index to the Abstracts for 1937 covered 823 pages, 
an increase of 29 pages over the 794 of the 1936 Index. The cost of printing the Index 
was {1678 14s. 9d. and of the paper (including handling) £318 19s. 6d. (corresponding 
figures for the 1936 Index were £1539 7s. 1ld. and £231 lls. 9d.). The total number of 
entries in the Index was 119,070 compared with 113,160 in 1936. 


Quinquennial Index.—The Bureau received and adopted a report of a Sub-Committee 
appointed to consider the question of the next Collective Index to the Abstracts, and 
recommended to the two Societies that, in view of the fact that a ten year’s Index starting 
from 1933 would be unduly costly and cumbersome, and that the beginning of 1938 marked 
the inclusion of Physiological Abstracts, a Quinquennial Index covering the period 1933- 
1937 should be produced provided sufficient support was received from the members. 

It was recommended that the price to be charged to members applying (with deposits 
of 10s.) before printing commences be £3 10s., and after that date £4 (postage extra in 
each case), and that the price to non-members be {8 and £10, respectively). The two 
Councils have approved these recommendations, and have promised their financial sup- 
port; in addition,.the Bureau is glad to record that the Chemical Council has also 
promised a contingent contribution of £500 towards the cost of the work. 

The response to the notice circulated to members and subscribers inviting subscriptions 
has been satisfactory, 482 members having ordered the Index and 101 copies having been 
subscribed for in advance by non-members. 

It is hoped to commence the printing of the Index in the summer. 

A room adjoining the Indexing office of the Bureau in Charing Cross Road has been 
secured for the housing of the Quinquennial Indexing department at the rent of £130 per 
annum and the work is proceeding satisfactorily. 
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Indexing Staff—Miss Tanner, who was engaged in 1937 as assistant to Miss Le Pla, 
has been formally appointed Assistant Indexer. 
An additional staff has been engaged to deal with the extra work connected with the 


Quinquennial Index. 


Decennial Index, 1923-1932.—Twenty-two more copies were sold during the year 1938, 
making a total of 847, and a further sum of £60 each has been refunded to the Chemical 
Society and to the Society of Chemical Industry. 


Abstracts B.—The Council of the Society of Chemical Industry requested the Bureau 
to report on means whereby economy in the B Abstracts might be effected. The matter 
was referred to the B Abstracts Sub-Committee, who reported certain directions in which 
small economies could be effected, but pointed out substantial savings appeared to be 
possible only by fundamental changes or by collaboration with other organisations that 
produce abstracts covering similar lines. 

The Council of the Society of Chemical Industry has requested the Bureau to report 
further on the matter. 


Status of the Bureau.—In view of the developments in its activities, the Bureau sug- 
gested to the Societies that some method for unifying the financial control should be 
considered. With the approval of the Councils, a Sub-Committee consisting of the Chair- 
man, Dr. L. H. Lampitt and Professor B. A. McSwiney, with Dr. C. W. Davies, Dr. G. A. R. 
Kon, Professor R. G. W. Norrish (representing the Chemical Society), Mr. F. P. Dunn, 
Dr. L. A. Jordan (representing the Society of Chemical Industry), and Professor J. H. 
Gaddum (representing the Physiological Society), has been appointed to examine the 
suggestions. 

During September Mr. F. P. Dunn and Mr. W. Macnab attended the Fourteenth 
International Conference of the International Federation for Documentation, at Oxford, 
as representatives of the Bureau. 





APPENDIX C 
REPORT OF THE JOINT LIBRARY COMMITTEE FOR 1938. 


Excluding the evenings on which meetings of the Chemical Society were held, there 
were 8507 attendances during the year, as compared with 8554 in 1937. Of these 4803 
were made by Fellows of the Chemical Society, and 3704 by Members of other Con- 
stituent and Contributing Bodies, as against 4988 and 3566 in 1937. 

The number of books borrowed was 5948, against 5666 in the previous year; of these 
1697 were issued by post, compared with 1468 in the preceding year. 

The Library telephone facilities are still extensively used, and the incoming calls 
included 1057 enquiries which necessitated reference to books in the Library, as against 
941 the previous year. 

The additions to the Library comprise : 


250 books, of which 70 were presented, 744 volumes of periodicals and 283 
pamphlets, as against 274 books, 738 volumes of periodicals and 201 pamphlets 
last year. 

Analysis. 
Books Books Volumes of 
Attendances. borrowed. added. periodicals. Pamphlets. 


5948 250 744 283 
5666 274 738 201 


The total number of volumes added during the year was 994. The Library now con- 
tains 42,672 volumes, consisting of 12,801 books and 29,871 bound volumes of periodicals. 
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The Committee wishes to record its grateful appreciation of the gifts received from 


Fellows and others during the year. 
The question of Library accommodation continues to be a most urgent one. (See 


Section V, item 4.) 





APPENDIX D 
LECTURES AND DISCUSSIONS. 
Lectures given in London. 


27th January, Sixth Pedler Lecture, entitled ‘‘ Synthesis of Polyenes,” by Professor 
Dr. Richard Kuhn; 17th February, Franklin Memorial Lecture, by Professor A. Findlay ; 
5th May, on “ Nucleic Acids,” by Professor J. M. Gulland; 17th November, on “‘ Some 
Carbohydrate Problems,”’ by Professor W. N. Haworth; 24th November, Public Lecture 
under the auspices of the Society of Chemical Industry and the Chemical Society to com- 
memorate the Centenary of the birth of Sir William Henry Perkin, by Dr. H. Levinstein ; 
15th December, Seventeenth Faraday Lecture, entitled “‘ Monolayers on Solids,” by 
Dr. Irving Langmuir. 

Discussions held in London. 


3rd February, on “Associated Liquids,’’ opened by Professor J. D. Bernal; 17th 
March, on “Electron Diffraction and Surface Structure’”’ (Joint discussion with the 
Physical Society), opened by Professor G. I. Finch; 19th May, on ‘‘ Organic Intermolecular 
Complexes,”” opened by Professor G. M. Bennett; Ist December, on “‘ Aggregation of 
Ions in Paraffin-chain Salt Solutions,”” opened by Dr. G. S. Hartley. 


Lectures given outside London. 


Aberdeen. At Marischal College (Joint meeting with the Institute of Chemistry) : 
4th February, on “‘ Alchemy in Scotland,” by Professor John Read. 

Birmingham. At the University, Edgbaston (Joint meetings with the Birmingham 
University Chemical Society) : 7th February, on “‘ The Thermal Decomposition of Solids,” 
by Professor W. E. Garner; 14th February, on “ Sterols, Vitamin D, and Related 
Hormones,” by Professor I. M. Heilbron, 

Edinburgh. At North British Station Hotel: 14th March (Joint meeting with the 
Institute of Chemistry and the Society of Chemical Industry) : on “‘ Multiple Links,” by 
Professor N. V. Sidgwick; at the University : 1st November (Joint meeting with the Uni- 
versity of Edinburgh Chemical Society), on “‘ Plastics and Polymerisation,” by Professor 
R. G. W. Norrish. 

Glasgow. At the Royal Technical College; 18th November (Joint meeting with the 
Local Sections of the Institute of Chemistry and the Society of Chemical Industry): on 
“‘ Heavy Water and its Use as a Chemical Reagent,” by Dr. J. A. V. Butler. 

Leeds. At the University: 11th November, on “‘ The Structure of Films Adsorbed at 
Solid Surfaces,”’ by Dr. D. H. Bangham. 

Liverpool, At the University: 28th January, on “‘ The Chemical Structure and 
Physiological Action of Drugs,’’ by Dr. H. R. Ing; 7th November, on “‘ Recent Progress 
in the Chemistry of the Starches,”’ by Professor E. L. Hirst. 

Manchester. - At the University : 3lst January, Sixth Pedler Lecture, entitled ‘‘ Syn- 
thesis of Polyenes,”’ by Professor Dr. Richard Kuhn (repeated); 8th February (Joint 
meeting with the Manchester Section of the Institute of Chemistry and the Manchester 
University Chemical Society), on “‘ The Significance of Synthetic Oestrogenic Agents,” by 
Professor E. C. Dodds; at the Central Library: Ist April, Pictet Memorial Lecture, by 
Professor G. Barger; at the College of Technology, 15th November (Annual Conjoint 
Meeting of Manchester Chemical Societies arranged by the Manchester Literary and 
Philosophical Society), on“‘ Camouflage in Nature and in War,” by Dr. H. B. Cott. 

Newcastle and Durham. Bedson Lectures at King’s College, Newcastle-on-Tyne : 
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4th February, on “ Aliphatic Diazo Compounds,” by Professor J. Kenner; 19th May, on 
“‘ The Impact of Chemistry on Biological Science,” by Sir Henry H. Dale; 28th October, 
on “‘ Statistics in Chemistry and Physics,” by Professor Max Born. 

North Wales. At the University College of N. Wales, Bangor (Joint meetings with the 
University College of North Wales Chemical Society): 10th February, on “Some New 
Aspects of the Organic Chemistry of Nitrogen,” by Professor G. R. Clemo; 25th November, 
on “‘ The Origins of the Atomic Theory,” by Professor J. R. Partington. 

Nottingham. At the University College, University Park (Joint meetings with the 
University College of Nottingham Physical and Chemical Society) : 20th October, on ‘‘ The 
Chemistry of Podocarpic Acid,” by Dr. W. F. Short; 24th November, on “‘ Some Chemical 
Aspects of a Widespread Phenomenon—Biological Methylation,’’ by Professor F. 
Challenger. 

— At the University : 18th February, on “ Multiple Links,” by Professor N. V. 
Sidgwick. 

South Wales. At the University College of S. Wales and Monmouthshire, Cardiff (Joint 
meetings with the Cardiff and District Section of the Institute of Chemistry) : 11th March, 
on “‘ Strong Electrolytes,” by Dr. C. W. Davies; 28th November, on “‘ Some Topics in 
Inorganic Chemistry,” by Professor W. Wardlaw; (Joint meeting with the Chemical and 
Physical Society of the University College of S. Wales and Monmouthshire), 29th April, on 
“Some Recent Developments in the Reactions of Surfaces,” by Professor E. K. Rideal ; 
at the Technical College, Cardiff, 26th October (Joint meeting with the Cardiff Technical 
College Chemical Society): on “‘ Optical Activity as a Guide to Reaction Mechanism,” 
by Dr. J. Kenyon; at the University College, Swansea (Joint Meetings with the University 
College of Swansea Chemical Society) : 4th February, on “‘ Structural Crystallography and 
Chemistry,” by Dr. E. G. Cox; 10th November, on ‘‘ Chemical Carcinogenic Agents,” by 
Professor J. W. Cook. 
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PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MEETING held on March 30th, 1939. 
The Réle of Osmotic Pressure in the Development of Chemical and Biochemical Science. 
By FREDERICK G. Donnav, C.B.E., D.Sc., LL.D.; F.R.S. 


It was a fortunate moment for the development of chemical science when De Vries turned 
van ’t Hoff’s attention to the quantitative measurements of osmotic pressure which the 
German botanist Pfeffer had already made, for van ’t Hoff, following up this clue, was led 
to the discovery of the general law relating the osmotic pressure of a dilute solution to the 
molecular concentration of the solute and the absolute temperature. It is not my purpose to 
discuss van ’t Hoff’s famous equation, PV = iRT, where P is the osmotic pressure, V the 
volume of the solution containing 1 gram-mol. of the solute, R the universal gas constant, 
and JT the absolute (Kelvin) temperature. Suffice it to say that in the case of dilute 
solutions of non-electrolytes the factor « was found to be nearly unity, and its strikingly 
higher values for dilute solutions of electrolytes in water formed one of the strongest 
arguments for the general validity of Arrhenius’ theory of ionisation in aqueous solution. 
The important point to notice is that van ’t Hoff was now in possession of a weapon which 
enabled him to apply the firmly established laws of thermodynamics to solutions. He 
already knew that he could, provided the gas laws were known, place the law of chemical 
equilibrium in a mixture of gases on a simple and sure thermodynamic basis. His method 
lay in carrying out reversible operations with gases by means of semipermeable membranes 
and gas pistons. Van ’t Hoff saw that a precisely similar method could now be applied 
to dilute solutions, 7.e., by means of osmotic pistons and semipermeable membranes, since 
the laws relating to osmotic pressure in such cases were now known. 

The results obtained by van ’t Hoff were presented to the Royal Swedish Academy of 
Sciences on October 14th, 1885, and were published in 1886 in volume 21 of the Transactions 
of the Academy. This famous paper can be read in volume 110 of Ostwald’s ‘‘ Klassiker 
der exakten Wissenschaften,” edited with notes by G. Bredig. Needless to say, I have no 
intention on the present occasion of discussing the details of van ’t Hoff’s work, and must 
content myself by remarking that he obtained the general law of chemical equilibrium ia 
dilute solution, showed by thermodynamical reasoning that, in the case of a volatile solute 
which obeyed Henry’s law, « = 1, and that from measurements of the lowering of vapour 
pressure of a solvent or the depression of its freezing point, caused by a solute in dilute 
solution, the value of 7 could be calculated. He found in this way that for a non-elec- 
trolyte, such as cane sugar, in dilute aqueous solution the value of ¢ was practically equal to 
unity. 

Two very important practical results flowed from van ’t Hoff’s osmotic-thermodynamic 
treatment of dilute solutions. In the first place, the approximate molecular weights of 
non-electrolytes could be securely determined from measurements of the lowering of vapour 
pressure (or the elevation of boiling point) and the depression of freezing point of dilute 
solutions, since the theory of these methods was now placed on a sure basis. This result 
was of very great importance for organic chemistry, and, as is well known, Beckmann, by 
means of his delicate variable-zero thermometer, soon brought this method into common 
laboratory use. Secondly, in the case of electrolytes in aqueous solution, the same technique 
enabled approximate values for the degree of ionisation to be determined. This method was 
of great importance in connection with the then rapidly developing theory of Arrhenius, 
though, owing to the deviation of ions from van ’t Hoff’s laws in ordinarily “ dilute ”’ 
solutions, the results, as we know now, were not so easy to interpret, and led to various 
discrepancies, especially in the case of aqueous solutions of multivalentions. I do not think 
that van ’t Hoff himself or any of his immediate collaborators made any direct measure- 
ments of osmotic pressure, since in the case of most substances of moderate molecular weight 
it is difficult to obtain semipermeable membranes. In the work of van ’t Hoff, osmotic 
pressure and the laws relating to it played essentially a theoretical conceptual part, which 
enabled him to apply the laws of thermodynamics to the properties of solutions in a simple 
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manner which could be easily understood by the chemists and physicists of hisday. I need 
scarcely remind this audience that in subsequent years very elaborate direct measurements 
of the osmotic pressure of solutions were made, especially by Morse and Frazer in the 
United States, and by the Earl of Berkeley and his collaborators in England. These 
investigations were more particularly directed to the measurement of osmotic pressures of 
relatively concentrated solutions, and required the construction of special membranes which 
could withstand high pressures. The results showed how the osmotic pressure of these 
relatively concentrated solutions, for example, of cane sugar, deviated from the simple 
PV = RT law. Writers of textbooks often refer to such results as deviations from “ van 
’t Hoff’s law,” but it is to be noted that van ’t Hoff’s law was PV =iRT. Only in the 
case of a volatile solute which obeyed Henry’s law in the range of concentrations employed 
was it possible for van ’t Hoff to prove by thermodynamical reasoning thats = 1. In the 
vast majority of cases such a test was not possible, so that it was a matter of experiment to 
determine at what degree of “ dilution’’ the value = 1 could be employed (for non- 
ionised substances). From many conversations which I had with van ’t Hoff, I know that he 
considered the PV = RT law to be a “ limiting law,” which possessed approximate 
applicability (in the case of a non-electrolyte) only to very dilute solutions. 

The theory of solutions as elaborated by van ’t Hoff, Arrhenius, Ostwald, and Nernst 
played an important part in the development of biochemistry. For an exhaustive account 
of this I cannot do better than refer you to the two volumes of H. J. Hamburger’s ‘‘ Osmo- 
tischer Druck und Ionenlehre in den medicinischen Wissenschaften” (Bergmann, 
Wiesbaden, 1900—1904) and, for a later account, to R. Héber’s “‘ Physikalische Chemie 
der Zelle und der Gewebe ”’ (Engelmann, Leipzig, 1922). Although the ordinary chemist 
may be only indirectly interested in the subject of osmotic pressure, since, so far as his 
practical operations are concerned, he has seldom to do with semipermeable membranes, the 
physiologist and biochemist are deeply concerned with the phenomena produced by the 
semipermeable membranes occurring in living organisms. Owing to the wealth of results 
obtained in this important field of investigation, I can only refer to one or two matters of 
special interest to the biochemist. Physiological measurements have shown that the average 
hydrostatic pressure of the blood in the capillaries is higher than that in the intercellular 
fluid which bathes the cells of the tissues and organs and which is separated from the capil- 
lary blood by the endothelial cells of the capillary walls. Since these capillary wall mem- 
branes are permeable to the non-protein contents of the blood, it occurred to the renowned 
English physiologist Starling that a rapid ultrafiltration from blood to intercellular fluid 
must occur, unless there was some counterbalancing force. It was known that the total 
osmotic pressure of blood, amounting to about 6-5 atmospheres, was chiefly due to the 
inorganic salts and organic “‘ crystalloids ’’ dissolved in the plasma. It was obvious that 
the osmotic pressure due to these substances could play no part in thé production of any 
counterbalancing pressure-difference, since the capillary membranes are permeable to them. 
Up to the time of Starling, physiologists had neglected the possibility of the existence of 
an osmotic pressure due to the non-permeating proteins of the blood, but Starling perceived 
that herein lay the true explanation, and by his pioneer measurements of this osmotic 
pressure provided a complete experimental proof of the correctness of his view. The work 
of later investigators has fully corroborated the validity and importance of Starling’s great 
discovery, and demonstrated that there is no “ secreting” action of the endothelial cells 
of the capillary membranes. In this connection I must refer you to the important work of 
Krogh and to his book “‘ The Anatomy and Physiology of the Capillaries ’’ (Yale University 
Press, 1922). 

The second example to which I wish to refer relates to the secretion of urine by the 
kidney. The final action, as everybody knows, is the separation from the circulating blood 
of an aqueous solution of some of its constituents, chiefly the waste products of cell meta- 
bolism. It is an interesting and important problem to calculate the net minimum osmotic 
work involved in such a separation. This problem was solved by A. V. Hill in the case of 
solutes obeying van ’t Hoff’s law and by means of a very ingenious adaptation of van ’t 
Hoff’s osmotic-thermodynamic method. You will find an account of Hill’s calculation on 
pages 94—96 of Barcroft’s ‘‘ Respiratory Function of the Blood ’’ (Cambridge University 
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Press, 1914). Owing to the work of many investigators, amongst whom I would specially 
mention A. R. Cushny and A. N. Richards, a great deal is now known about the secretion of 
urine. Those of you whoare interested in the matter will find a masterly account in Richards’ 
Croonian Lecture, entitled ‘‘ Processes of Urine Formation ”’ (Proc. Roy. Soc., 1938, B, 126, 
398). It appears that the first process is simply an ultrafiltration of the permeable con- 
stituents of the blood through the cell membrane of the glomerulus. This takes place 
against the “‘ colloid osmotic ’’ pressure of the protein constituents of the blood, the necessary 
difference of hydrostatic pressure being supplied by the action of the heart. There is no 
question of any metabolic “ secreting ’’ action in this first stage. In the second stage, 
however, the valuable blood constituents, ¢.g., water, glucose, salt, etc., are in varying 
degrees taken back into the blood stream through the cell membranes of the tubules. This 
second process cannot be explained on the basis of osmotic pressure and diffusion gradients, 
since the regulative and composition-varying actions of the tubule cells are obviously linked 
with metabolic processes (oxidative and other) which supply free energy. In this case, as 
in all the cases of true “secretion,” the physico-chemical mechanism of the linkage is 
quite unknown and remains a master problem for the biochemistry and biophysics of the 
future. In many such cases we may not have to deal with systems which are in or near a 
state of thermodynamic equilibrium, but with “‘ stationary ” states due to the concurrence 
and interlinkage of free energy-supplying and free energy-dissipating processes. This 
point has been recently emphasised by A. V. Hill, and in recent years Straub and Teorell 
have described simple in vitro models of certain stationary states. 

Naturally the existence of the master problem to which I have referred has not escaped 
the attention of physiologists and biochemists. Anyone interested will find a very 
valuable and relevant account of the energetics of cell processes in Otto Meyerhof’s 
monograph “‘ Chemical Dynamics of Cell Phenomena” (Lippincott, Philadelphia and Lon- 
don, 1924), though, as might be expected, later investigations require a modification of 
some of the statements contained in this book. 

The last example which I shall quote in this part of my Address is the case of the red 
blood cells. Since it appears that the metabolic processes in these cells are at a rather 
low ebb, it is probable that the contents of the red cells are, at any moment, not far removed 
from thermodynamic equilibrium with the circumambient blood plasma. Some ten or 
twelve years ago, D. D. van Slyke and L. J. Henderson (together with their collaborators) 
attacked this problem from the point of view of osmotic and ionic membrane equilibria, 
with very encouraging results. For the state of these investigations as they stood up to 
1927 I must refer you to van Slyke’s monograph “ Factors Affecting the Distribution of 
Electrolytes, Water and Gases in the Animal Body ”’ (Lippincott, Philadelphia and London, 
1926) and to Henderson’s book ‘‘ Blood, A Study in General Physiology ”’ (Yale University 
Press, New Haven, 1928). Although later investigations in this field appear to indicate 
that the problem is perhaps not so simple as was at first thought, there can be little doubt 
that the mode of attack initiated by these pioneer investigations of van Slyke and Hender- 
son is fully justified, provided that the metabolic activity of the red cells can be practically 
neglected, and that the existence of a cell membrane with the assumed and constant selective 
permeability is experimentally verified. 

In dealing, at the beginning of this Address, with the part played by osmotic pressure 
in van ’t Hoff’s work on the theory of dilute solutions, I omitted to mention that this 
osmotic method constituted an essential part of Nernst’s theory of the electrical potential- 
differences between metals and solutions of their salts, and led him to his famous logarithmic 
equation. Although nowadays we should deal with this question in a different manner, 
we cannot afford to ignore a method which led to a result of such great importance in the 
development of chemical science. I must also not fail to mention that the theoretical 
work of Nernst, Kohlrausch and many others on the diffusion of electrolytes, which led, 
for example, to various well-known formule for diffusional potential differences, depended 
essentially on deriving the purely diffusional driving forces from osmotic gradients and 
the laws of osmotic pressure. If I may be allowed a personal reference, I employed this 
method many years ago in deriving equations for the Hall effect in dilute aqueous solutions 
of electrolytes. Curiously enough, these equations received their first verification from the 
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experimental work of Marx and of Moreau on the Hall effect in flames, and of Wilson on 
the Hall effect in rarefied gases. I cannot discuss such matters on the present occasion, 
but anyone who is interested may be referred to L. L. Campbell’s monograph on “‘ Gal- 
vanomagnetic and Thermomagnetic Effects ’’ (Longmans, Green & Co., London, 1923). 

It is probably well known to everyone at the present day that the fundamental basis 
of the (thermodynamic) theory of osmotic pressure was given to the scientific world by 
J. Willard Gibbs some ten years before the publication of van ’t Hoff’s Swedish Academy 
paper. Indeed Gibbs was obliged, in later years, to point out that van ’t Hoff’s approximate 
equations could have been deduced from his own more general results when applied to the 
special case of dilute solutions. Since the general and exact theory of osmotic and mem- 
brane equilibria on the basis of Gibbs’ method has been dealt with very fully by E. A. 
Guggenheim and myself in two relatively recent papers in the Zeitschrift far physikalische 
Chemie (1932, A, 162, 346; 1934, A, 169, 369), and since E. A. Guggenheim has given 
an excellent and comprehensive treatment of this subject in his contribution to volume I 
of the ‘‘ Commentary on the Scientific Writings of J. Willard Gibbs ’’ (Yale University 
Press, New Haven, 1936) and in his “‘ Modern Thermodynamics by the Methods of Willard 
Gibbs ”’ (Methuen, London, 1933), I need not say very much concerning this matter on the 
present occasion. I must, however, ask your permission to say a little, since the practical 
use of the equations for osmotic pressure will have an important bearing on what I shall 
have to say later on. 

From Gibbs’ point of view, the phenomenon of simple osmotic pressure equilibrium is 
an example of the equalising of an original difference of chemical potentials by a difference 
of hydrostatic pressures. If, for the sake of simplicity, we agree to neglect the compres- 
sibilities of the liquid phases, the matter can be stated very briefly and simply. Denoting 
the pure solvent phase by the numerical suffix 1, and the solution phase by the numerical 
suffix 2, let us denote the molar chemical potential of the solvent by p, and the hydro- 
static pressure by P. Then for the osmotic equilibrium of the solvent yp, = y,, and 
P, — P, =x (the osmotic pressure), where x is a positive quantity and P, > P,. In the 
case of an ideal solution we may write p, = ¢(T) + P,vy + RT log No, “where Up is the 
volume of one mol. of the pure liquid solvent at the given temperature T and at zero 
pressure, and N, is the mol.-fraction of the solvent in the solution phase 2. The second 
term on the right-hand side of this equation can be justified on general thermodynamical 
grounds, and the third term follows from one of the (defined) properties of an ideal solution, 
namely, that the partial molar fugacity of the solvent in the vapour phase in equilibrium 
with the solution (at the given pressure and temperature) is proportional to the mol.- 
fraction of the solvent in the solution. For yu, we have now pu, = ¢(7) + Pv, and hence 
since 2; =», (P, — P;)¥9 = — RT log Ny. The equation for the osmotic pressure is 
therefore x = P, — P, = (RT/v,) log (1/Ng). In the usual case of a non-ideal solution, we 
can indicate the deviation from ideality by introducing the “‘ activity ”’ coefficient f, and 
writing », = ¢(7) + P.v) + RT log No fy. For the present purpose it is, in general, more 
convenient to employ, instead of f,, Bjerrum’s osmotic coefficient g, defined by the equation 
g log Ng = log No fo, and so write p, = ¢(T) + Pyvy + gRT log Ny. Then we have x= 
P, — P, = (gRT/v9) log (1/Ng). This is the most general equation (neglecting compressi- 
bilities) for the osmotic pressure in the case of simple osmotic equilibrium. I make no 
excuse for entering into this brief discussion on the present occasion, since certain recent 
publications exhibit a profound ignorance of the present state of knowledge in this branch 
of chemical science. 

In the case of very dilute solutions, that is to say, solutions which are so dilute that the 
mol.-fractions of all the solute species are very small in comparison with that of the solvent, 
the general equation for the osmotic pressure admits of great simplification. 

Denoting any solute species by the suffix s and mol.-numbers by m, we may in those 
cases make the following approximations : 


log (1/Ng) = — log (1 — 2N,) = 2N, 
N, = m,/(mg + =m,) = = m, |g 
V = mg 
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where V is the volume of the solution. Introducing these approximations, the general 
equation takes the approximate form x = (gRT/V)2m, = gRTXC,, where C, denotes the 


molar volume concentration of a solute species. It will be seen that this equation is the 
same as that of van ’t Hoff, with Bjerrum’s osmotic coefficient g playing the réle of van ’t 
Hoff’s factor 7. It will be recollected that van ’t Hoff proved that + = 1, if the single 
solute which he was thinking of obeyed his form of Henry’slaw. In the modern statement, 
g = 1 for an ideal solution, t.e.,in the case where the partial molar fugacity (in the vapour 
phase) of every constituent is proportional to its mol.-fraction in the solution. 
If van ’t Hoff had employed the modern exact form of Henry’s (and Raoult’s) law, his 
thermodynamic deduction would have been very similar to that given above, although 
following a different procedure. 

Modern chemical interest in the subject of osmotic pressure arises froma series of 
discoveries which concern substances of very high molecular weight. The first impulse 
came from the physiologists and biochemists, whose investigations have led them to study 
very closely certain important classes of naturally occurring substances such as the animal 
and vegetable proteins and various complex carbohydrates, e.g., cellulose and starch. 
Another impulse has come from the industrial use of synthetic polymers, which play such 
an important part in the production of new materials of construction. It will not be denied, 
I think, that in the investigation of this new world of ‘“‘ megamolecules ”’ (to borrow an 
expression from Dr. Wrinch) much has been learned by means of physical and physico- 
chemical methods which could not have been obtained by the classical methods of “‘ pure ”’ 
organic chemistry. In this connection the method of X-ray analysis has proved of very 
great importance, but a great deal of new and valuable knowledge concerning the particle 
or molecular weight, volume, and shape of these ‘‘ giant ” molecules has been gained by a 
study of their behaviour in solution. In the chief position of honour we must place the 
ultracentrifugal method of Svedberg, but measurements of osmotic pressure, viscosity, rate 
of diffusion, cataphoresis, and double refraction due to streaming and to electric and magnetic 
fields have all played a notable part. 

In consonance with the theme of this Address, I shall confine myself to saying something 
about only one of these physico-chemical methods, namely, tl:e determination of osmotic 
pressure. Here the direct measurement has come into its own, and has been of great value 
in the ascertainment of molecular (or particle) weights in solution. We may ascribe this to 
several practical reasons, namely (a) the impracticability of the usual freezing- and boiling- 
point methods, () the comparative facility in obtaining semi-permeable membranes for 
substances of very high molecular weight, (c) the smallness of the osmotic pressures in 
question, and (d) the simplicity and cheapness of the apparatus required. 

As regards (a), the following remark may be made. Let us consider a non-ionising 
substance of only ‘‘ moderately high”’ molecular weight, say, 40,000. The lowering of 
freezing point for a solution containing 20 grams per litre would then be about 0-001°, and 
the osmotic pressure, measured in cm. of water, would amount approximately to 10. An 
approximate calculation of this sort demonstrates very clearly the practicability of the 
osmometric method and the impracticability of the ordinary (Beckmann) thermometric 
methods. 

The pioneer exact work on the osmotic pressure of proteins is due to Sérensen in Copen- 
hagen, whilst we must ascribe the great modern development of this particular field to the 
researches of Adair in Cambridge. In the intervening period the classical investigations 
of Loeb were made in New York, though Loeb, as is well known, was chiefly concerned with 
the demonstration of the effects due to the unequal distribution of the freely diffusible ions, 
and not with the determination of the molecular weights of definite protein species. For 
an account of this branch of work in the field of proteins (up to 1935), I may refer you to the 
interesting summary published by Madame Andrée Roche, entitled ‘‘ Le Poids moléculaire 
des Protéines ” (Conférence faite devant la Société de Chimie biologique, le 7 mai, 1935). 
The various types of osmometers employed (up to 1929) have been described by Dr. Marie 
Wreschner in an article entitled “‘ Methoden zur Bestimmung des kolloid-osmotischen 
Druckes in biologischen Fliissigkeiten,” published in Abderhalden’s ‘‘ Handbuch der 
biologischen Arbeitsmethoden ”’ (Abt. III, Teil B, s. 757—774, 1929). Since the date of this 
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article, special types of osmometers have been described by P. van Campen (Rec. Trav. 
chim., 1931, 50, 915) and by H. B. Oakley (Trans. Faraday Soc., 1935, 31, 137; 1937, 33, 
372; Biochem. J., 1936, 30, 868). Oakley’s type of osmometer has been developed and 
somewhat simplified by R. C. Rose (work shortly to be published). Those who are inter- 
ested in the theory as well as the practice of osmotic and membrane equilibria of substances 
of high molecular weight may be referred to the account of the Faraday Society Discussion 
on Colloidal Electrolytes (published as a separate volume, January, 1935, or Trans. Faraday 
Soc., 1935, 31, 4). 

Owing to the great extent of this comparatively new branch of chemical science, I have 
so far been obliged to confine my remarks to the somewhat dry method of giving a few 
references to important summaries. In the remaining portion of this Address, I propose 
to say something about a particular aspect of it, in which I have been personally interested 
during the last few years. This concerns the determination of the molecular weights (in 
solution) of the salts of polybasic acids of high molecular weight, such as are encountered, 
for example, in gum arabic and the salts of alginic acid. We are not able, in these cases, 
to reduce the free ionisation by working near the isoelectric point, as in the case of proteins. 
Hence we are obliged to compensate for the large osmotic effect of the free (alkali) cations 
by using as large a concentration as possible of a freely diffusible salt, such as sodium 
chloride. Moreover, as it is not generally possible to obtain a complete compensation by 
this device, it is desirable to work at such low molarities of the high-molecular salt that 
graphical extrapolation to the zero concentration limit becomes practicable. This means 
that extremely delicate and sensitive osmometers have to be employed, since the osmotic 
pressures to be measured are very small. 

Let us represent the high-molecular acid by the formula H,A, where A stands for the 
high-molecular “ colloid” radical. Complete ionisation of the sodium salt Na,A in dilute 
aqueous solution may then be represented by the equation Na,A = mNa* + A*%-». 
In this case, if the dilution be sufficiently great, it follows (from what I have said in the 
earlier part of this Address) that x = gRT(n + 1)C/M, where C is the volume concentration 
(say in grams per litre) of the salt and M its molecular weight.* Of course, if the ionisation 
be not complete, we must replace » by g, whereg <<". Now in the limit C—~>0, we have 
g——>1 and g——>, so that we may write Lt.c592/C = RT(n + 1)/M. This equation 
contains two unknown quantities, namely, “ and M. In fact, if > 1, as will usually be 
the case for these high-molecular polybasic acids, the equation just given reduces to the very 
good approximation Lt.g_,»9 x/C = RT/Q, where Q is the equivalent weight of the acid 
(or salt). Since Q can be easily determined by simple chemical analysis, the osmotic pressure 
measurements become pointless. A good example of this state of affairs may occur in the 
case of high-molecular polymeric acids and salts. @Q is now the molecular weight of the 
monomer, so the osmotic pressure results become independent of the degree of polymeris- 
ation, provided, of course, that the polymerisation factor (which is m) is large compared 
with unity. In proof of this theoretical conclusion, I may refer you to the recent interesting 
work of Werner Kern on the osmotic pressures of aqueous solutions of the sodium salts 
of the polyacrylic acids (Z. phystkal. Chem., 1938, A, 181, 271). 

The method of surmounting this difficulty, and thus conferring significance on the 
measurement of osmotic pressure, is now fairly well known, so I need refer to it only very 
briefly. In the presence of a sufficiently high relative concentration of a freely diffusible 
salt, such as sodium chloride, there occurs, at equilibrium, an unequal distribution of these 
diffusible ions, which has the effect of setting up a counter osmotic pressure which tends to 
compensate, partly or wholly, for the large osmotic pressure due to the free alkali cations of 
the high-molecular salt. If, as frequently happens in the case of these high-molecular 
polybasic acids, the “ polybasicity ’’ is high, then, in spite of the very high molecular weight, 
the equivalent weight may be comparatively low. Under these conditions it is not generally 
possible to employ an equivalent concentration of sodium chloride or other such salt which 
is sufficiently great, compared with the equivalent concentration of the high-molecular salt, 


* From the value of M so obtained, that of the corresponding acid can be derived from the results 
of chemical analysis. 
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to secure the desired high compensation of the osmotic effect of the alkali “‘ gegenions ”’ 
and at the same time avoid agglomeration or actual precipitation. 

This difficulty can, however, be surmounted by working as near as possible to the zero 
concentration limit of the high-molecular salt, for at this limit (which we may reach by 
graphical extrapolation) the former equation Lt.g»9x/C = RT(n + 1)/M becomes 
Lt.¢—»o =/C = RT/M, since, for any finite concentration of the diffusible salt, the ratio of 
its equivalent concentration to the equivalent concentration of the high-molecular salt 
becomes infinite in the limit C-—>0. According to views recently expressed by Brénsted 
and by G. S. Hartley, the osmotic coefficient g, in the case of low molarities of the high- 
molecular salt and a sufficiently high relative concentration of the freely diffusible salt 
(e.g., sodium chloride), may be put equal to unity. If that be so, then graphical extra- 
polation to the C—->0 limit may not be necessary if a sufficiently high compensation has 
been attained at finite values of C. 

The majority of writers who have been kind enough to refer to the unequal distribution 
of the freely diffusible ions as the Donnan (or the Gibbs—Donnan) effect seem to labour under 
the misapprehension that, in the osmotic pressure phenomena which I have described, this 
unfortunate “‘ Donnan effect ’’ can be comfortably obliterated by the use of a ‘“‘ swamping ”’ 
excess of the diffusible salt. Such is, however, not the case. This mistaken view arises 
from the common mathematical error of assuming that when the ratio of two quantities 
tends to unity their difference must tend to zero. I cannot go further into this matter here, 
and must refer anyone interested to the article I wrote for the Faraday Discussion to which 
I have previously referred. It will be seen at once that the uncomfortable Donnan effect 
persists in the “‘ swamped ”’ limit, and that it is precisely its non-zero difference value at 
this limit which does the trick! I regret having had to make this personal reference, but, 
having been kindly credited with the D-effect, I am unwilling to surrender it in just those 
circumstances where its existence (or persistence) is of most practical value to chemical 
science. 

Before closing this brief theoretical discussion, I should like to mention one or two points. 
If we make use of only the first two approximations mentioned on p. 710, it will be seen 
that we arrive at the (approximate) equation = gRT2m,/mpv, which may be written 


s 
r= gRTXy,, where y, denotes the ratio of the mol.-number of a solute species to the 


volume of the pure solvent used in making up the solution. This equation is a better 
approximation than the equation x = gRTXC,, which was obtained by identifying the 
& 


total volume V of the solution with mvp (third approximation on p. 711). The more 
accurate equation must be used in the case of more concentrated solutions of high-molecular 
substances, where, although the mol.-fractions of the solute species may be very small 
compared with the mol.-fraction of the solvent, the volume of the high-molecular solute 
species may not be negligible. 

The rather precise chemical formulation given in the preceding discussion does not 
imply that we must be necessarily dealing with ‘‘ true ’’ molecules, 7.¢., with solution units 
which are held together solely by purely chemical bonds. These units may be colloid 
“ micelles,”’ although, of course, the equations which I have given assume that, within the 
range of their applicability, the micelles do not break up, and do not “ agglomerate ”’ to 
units of higher mass. 

It is necessary also to note that the molecular or micellar weights obtained by the osmo- 
metric method are necessarily mean values which may refer to mixtures of molecules or 
micelles of varying mass. It is one of the great advantages of Svedberg’s ultracentrifugal 
method that it reveals the presence of such mixtures. 

I conclude this discussion by quoting very briefly a few of the results of investigations 
in which I have been personally interested during the last four or five years. I suggested 
to Dr. H. B. Oakley that he should investigate the molecular (or micellar) weight in the 
case of the alkali salts of the acid of gum arabic by means of the osmometric method. 
Here is one result taken from his work. Molecular weight 240,000, maximum electro- 
valency (basicity) 200, equivalent weight 1200. Subsequently to this work, Oakley and 
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F. G. Young applied the same technique to aqueous solutions of rabbit liver glycogen, 
rabbit muscle glycogen, and methylated rabbit liver glycogen. The results indicated a 
particle weight of the order of two millions. 

Another example of a high-molecular polybasic acid is the alginic acid discovered in 
certain seaweeds by Stanford in 1883. At my request, Dr. R. C. Rose has made an 
interesting and comprehensive -study of the sodium alginates. As this work is not yet 
published, I must restrict myself to stating that Rose, employing the osmometric 
method, has found, in the case of aqueous solutions of the sodium salt of different grades of 
alginic acid, particle (or molecular) weights varying from about 50,000 to 180,000. I may 
remark that both the gum arabic acid and alginic acid are carboxylic derivatives of 
complex carbohydrates. It is interesting to note that gum arabic (or gum acacia) was 
one of the substances classed as a true colloid by Thomas Graham in 1862. It would, no 
doubt, have greatly interested him to know that some seventy-two years later the 
molecular weight would be determined at University College, London. 

I cannot conclude this highly condensed sketch of the part played by osmotic pressure 
in the development of chemical and biochemical science without at least a passing reference 
to the comprehensive work of Schreinemakers on osmosis. To this, in the main, theoretical 
investigation Schreinemakers devoted the last fourteen years of his active life at the Univer- 
sity of Leiden. We may describe it as a logical deductive study based on thermodynamics 
and geometry, of which sciences Schreinemakers has always been a master. I think that 
this work, when it becomes better understood, is destined to exert an important influence 
on the future development of physiology and biochemistry. Recently Schreinemakers has 
summarised the results of his investigations in a book entitled “‘ Lectures on Osmosis ” 
(Naeff, The Hague, 1938). 

In this my swan song as the retiring President of the Chemical Society, I fear I have 
chosen a subject which may have comparatively little attraction for the eager young 
chemists of the present day. In the rushing tide of new discoveries and everchanging and 
developing theories, there is but little time, and perhaps even less inclination, for the quiet 
contemplation of the older and simpler things. No doubt this very statement betrays that 
serenity (or is it ignorance ?) of age, which loves to listen to the music of the past and cares 
but little for the thunder and fury of the wonderful present. Be that as it may, I have tried 
to show, in some small measure, and in one very particular field, that the old things, when 
true and useful, never really lose their linkage with the wheel of Time, and so are always 


new and present. 
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OBITUARY NOTICES. 


GEORGE BARGER. 
1878—1939. 


By the sudden death on 6th January, 1939, at the age of 60 years, of Professor George 
Barger the Society has lost one of its most distinguished Fellows and Organic Chemistry 
one of its ablest workers. 

George Barger was born in Manchester in 1878, his father, Gerrit Barger, being a Dutch 
engineer and his mother English. During his childhood the family lived in Utrecht, where 
he attended school until he was 16 years old. He then chose to complete his education in 
England and proceeded to University College, London, with a scholarship which he had 
obtained on the University Matriculation Examination. After commencing his studies 
for the London B.Sc. at University College, he won a scholarship to King’s College, Cam- 
bridge, which he subsequently took up. 

Barger’s wide interests in later life were doubtless due in part to the fact that his early 
scientific training was on a broader basis than that of many organic chemists. As an 
undergraduate at Cambridge his interests were divided between Botany and Chemistry, and 
he was actually placed in the first class of Part II of the Natural Sciences Tripos in both 
Botany and Chemistry on the last occasion on which it was possible to offer two subjects 
for this examination. Although he never did any botanical research, Barger retained his 
interest in the plant throughout his life. 

The first academic appointment which Barger held was a demonstratorship under the 
late Professor Errera in the Department of Botany of the University of Brussels; here he 
spent two years, and during this time he worked out the micro-method of molecular weight 
determination which bears his name. The method has not found very wide application, 
having been replaced by others which are more accurate and convenient; nevertheless, the 
ingenious application of the principle of isothermal distillation which it embodied showed 
a marked freshness of mind and an early appreciation of the importance of micro-methods 
in the study of biological chemistry. 

On his return from Brussels Barger entered the Wellcome Physiological Research 
Laboratories as chemist. Although he only took this post after considerable hesitation, 
the appointment was of decisive importance for his future development; not only were the 
six years which he spent in the Wellcome Laboratories some of the most fruitful of his 
life, but the contacts which he made there with biological workers and particularly in his 
long collaboration with Dr. (now Sir Henry) Dale gave him a broadness of outlook which 
influenced the whole of his later work. 

Barger remained in the Wellcome Laboratories until 1909, when he left to become Head 
of the Department of Chemistry at Goldsmiths’ College in the University of London; in 
1913 he was appointed to the Chair of Chemistry at the Royal Holloway College. 

He had not held this appointment long before he joined the research staff of the recently 
formed Medical Research Committee, and he continued in this post throughout the 
War; during this period his energies, like those of most other chemists, were mainly 
diverted to work of immediate national importance, although even in these circumstances 
he published several papers of scientific interest. 

In 1919 Barger was appointed to the newly constituted Chair of Chemistry in Relation 
to Medicine at Edinburgh, and in this position he found himself called upon to spend a 
much greater proportion of his time than had formerly been the case in duties of teaching 
and administration. The conditions at the time of his appointment were anything but 
favourable. The medical school at Edinburgh had received an enormous influx of new 
students, a large proportion of whom had little prospect of completing their course; some 
attempt had to be made, however, to teach them elementary chemistry and the present 
writer has a vivid recollection of assisting in the attempt to demonstrate to classes which 
had to be held in quadruplicate owing to insufficient accommodation. The shortage of 
accommodation, both for teaching and for research, persisted, indeed, for some years, until 





716 Obituary Notices. 


the Department of Chemistry moved out to its new quarters in the King’s Buildings at 
Liberton. In these circumstances it is not surprising that Barger’s output of research 
should have suffered for a time, but he never allowed his interest to slacken, and even at 
the busiest periods he took every opportunity to snatch a few moments in the laboratory. 

Barger remained at Edinburgh until, a little more than a year before his death, he was 
appointed to the Regius Professorship of Chemistry in the University of Glasgow. This 
important appointment was a fitting recognition of his distinguished position in the pro- 
fession of Chemistry in this country. It brought with it heavy burdens, but he threw 
himself into the task of reorganising a large department with a freshness and enthusiasm 
which surprised even his friends. It is sad to think that this task, with which he had 
already made so much progress, should have had to be left unfinished. 


Barger’s scientific work falls naturally into two main divisions, his studies of alkaloids 
and his investigations of simpler nitrogenous compounds of biological interest. 

One of the first investigations which he undertook in the Wellcome Laboratories was a 
study of the alkaloids of ergot; the work which he did on this subject was the basis of his 
first publication in the field of alkaloid chemistry, and since this field remained a major 
interest throughout his whole life, occupying indeed the greater part of his attention in 
recent years, it has seemed better to give first a continuous account of his main contri- 
butions to the chemistry of alkaloids rather than to attempt to present the whole of his 
work in strictly chronological sequence. 

Ergotoxine.—At the time when Barger and F. H. Carr took up the study of ergot 
considerable confusion existed concerning the physiologically active substance produced 
by this fungus. The only crystalline alkaloid known to be extractable from ergot was the 
ergotinine which had been discovered by Tanret, and this was physiologically inactive. 
Barger and Carr (J., 1907, 91, 307) described the isolation of a new alkaloid, C,;;H,,O,N;, 
the salts of which could be obtained crystalline, and which showed a high degree of physio- 
logical activity. They showed moreover that the new alkaloid, which they named ergot- 
oxine, was convertible into ergotinine by treatment with acetic anhydride, the change being 
interpreted as due to the loss of the elements of water. This observation was the first 
example of what has since turned out to be a general characteristic of all ergot alkaloids, 
namely, that they occur in isomeric pairs, the members of which are interconvertible by 
simple means with large changes in specific rotation and physiological action. 

With Ewins (J., 1910, 97, 284) Barger later studied the degradation of ergotoxine and 
observed the production of tsobutyrylformamide on pyrolysis of the alkaloid. The signifi- 
cance of this observation was not appreciated until, many years later, the brilliant work of 
Jacobs (following on the observations of Smith and Timmis) revealed the general nature of 
the ergot alkaloids as compounds of lysergic acid with amino-acids or substances derived 
therefrom; it then became clear that ssobutyrylformamide must represent a link between 
the components in ergotoxine. 

Carpaine.—The next alkaloid to attract Barger’s attention was carpaine. He observed 
(J., 1910, 97, 466) that this compound, C,,H,;0,N, could be hydrolysed to a substance, 
C,,4H,,0,N, which he named carpamic acid, thus indicating the presence of a lactone group 
in carpaine; carpamic acid, on oxidation, gave a dicarboxylic acid, CgH,,0,, at that time 
supposed to be «8-dimethyladipic acid. More than twenty years later he resumed the 
study of carpaine and was then able (Barger, Girardet, and Robinson, Helv. Chim. Acta, 
1933, 16, 90) to prove the presence in it of a pyrrolidine ring, since dehydrogenation under 
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mild conditions with selenium yielded a pyrrole derivative, C,,H,,O,N, which could be 
re-hydrogenated to a compound isomeric with the original alkaloid. Further investigation 
of the oxidation products of carpamic acid revealed the presence among them of azelaic and 
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suberic acids, the latter being the acid C,H,,0, already mentioned. The formation of 
azelaic acid proved the existence of a continuous chain of at least 9 carbon atoms in carp- 
amic acid and the facts available at this stage led to the suggestion of the two alternative 
formule (I) and (II), of which (I) with the large lactone ring was favoured. Later (Barger, 
Robinson, and Work, J., 1937, 711) came the recognition of the presence of a C-methyl 
group; this, together with the consideration that carpamic acid is a tertiary alcohol, led 
to formula (III), which is at present accepted as representing the structure of carpaine. 

Yohimbine.—In 1915 (Barger and Field, J., 1915, 107, 1025) Barger made a preliminary 
study of the degradation of yohimbine, in the course of which he observed the formation 
of indole derivatives during alkaline fusion of yohimbic acid. Many years later, with Scholz 
(J., 1933, 614), he identified among these degradation products 3-ethylindole, indole-2- 
carboxylic acid and, most significantly, harman (IV). 

In the intervening years much information had been forthcoming from the work of 
others concerning the structure of yohimbine, and in 1933 Barger and Scholz (Helv. Chim. 
Acta, 1933, 16, 1343) published a valuable paper in which cogent reasons are given for 
regarding the structure of yobyrine (a selenium dehydrogenation product of yohimbine 
obtained by Wibaut) as being represented by (V). Yobyrine is regarded in turn as repre- 


Y 
Fy es, | a || B 


Cue \ yp 
| | \ YO 
\ A NH fp vee GA 
H Me (V.) WV \ . 
(IV.) E || (VI.) O,H 
\ 

senting the essential skeleton of yohimbine, in which ring E is fully hydrogenated. Two 
major arguments for the proposed structure rest on observations for which Barger was 
himself responsible, namely, the isolation of harman, which fixes the arrangement of rings 
A, B, and C, and the detection of berberonic acid (VI) among the oxidation products, 
which must represent ring D. 

Physostigmine (Eserine).—With his pupil Stedman (J., 1923, 123, 758) Barger pub- 
lished a detailed study of the complicated series of products obtained in the exhaustive 
methylation of eseroline (the phenolic compound obtained by removal of the methyl- 
carbamido-group from eserine), and of eserethole (eseroline ethyl ether). In the course of 
this it was recognised that eseretholemethine, produced by the action of alkali on eserethole 
methiodide, was a y-base, reconvertible into eserethole methiodide by treatment with 
hydriodic acid. It was also confirmed that the final Hofmann degradation product of 
eserethole, physostigmol ethyl ether, was an indole derivative. The synthesis of the latter 
compound by Stedman (J., 1924, 125, 1373) proved physostigmol to be 5-hydroxy-l : 3- 
dimethylindole and thus fixed the orientation of the indole portion of the eserine molecule. 
The remainder of the structure was elucidated by Stedman and Barger (J., 1925, 127, 247), 
who showed that reduction of eserethole led to the formation of a secondary base which they 
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Confirmation of this hypothesis by the formation of indolinones on oxidation and con- 
siderations of the probable biogenesis of the alkaloid led the authors to propose (IX) as the 
formula of eserine. As is well known, this formula has since been shown to be correct by 
the synthetic studies of other workers. 

The investigation of eserine is of importance not only in itself but as the foundation of 
the later well-known work of Stedman on the physiological action of simpler but analogous 
urethanes, among which at least one substance (the prostigmine prepared by Aeschlimann) 
has proved to be of great pharmacological and therapeutic value. 

Aporphine Alkaloids.—During the years 1928 to 1933, Barger made a number of in- 
vestigations of a group of related alkaloids, namely, laurotetanine from Litsea citrata, Bl., 
and the pukateine—laureline-lauropukine group from Laurelia Novae Zealandiae. The 
first of these to be studied was laurotetanine. This alkaloid was already known to be 
closely related to glaucine (X), from which it differs only in having no N-methyl group and 
one less O-methyl. Earlier work by Gorter had appeared to show that ON-dimethyl- 
laurotetanine was not identical with glaucine; Barger and Silberschmidt (J., 1928, 2919), 
however, by subjecting laurotetanine and glaucine in turn to Hofmann degradation, 
obtained identical series of (phenanthrene) derivatives; it thus followed that laurotetanine 
and glaucine had the same fundamental structure and the former could be formulated 
as (Xa). The doubt as to the relative cae of the hydroxyl and methoxyl groups was 
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settled by mati Eisenbrand, Eisenbrand, and Schlittler (Ber., 1933, 66, 450) in an in- 
direct manner. The compounds (XI) and (XII) were synthesised and the products ob- 
tained from them by Hofmann degradation were compared with those similarly obtained 
from ON-diethyl-laurotetanine. By this means ethylated laurotetanine was proved to be 
identical with (XII), whence the constitution of the alkaloid follows. 


Similarly complete information was obtained regarding pukateine (XIII) and laureline 
(XIV), the formule being proposed on the basis of Hofmann degradation and oxidation 
experiments by Barger and Girardet (Helv. Chim. Acta, 1931, 14, 481) and subsequently 
confirmed by the synthesis of O-methylpukateine (Barger and Schlittler, ibid., 1932, 15, 
381) and of laureline itself (Schlittler, id¢d., 1932, 15, 394). 

During the past few years Barger had been engaged with J. J. Blackie on a systematic 
study of the Senecio alkaloids, and at the time of his death one of his main interests lay in 
work which he was doing on the difficult problem of the constitution of calycanthine. 

Important as were Barger’s contributions to alkaloid chemistry he will perhaps be 
remembered even more for his work in the field of what he himself called the “ simpler 
natural bases.”” This work was largely done while he was in the Wellcome Laboratories. 

At the time when he took up his post there the active principle of the suprarenal gland, 
adrenaline, had recently been isolated and its constitution had been determined. The 
chemistry of this substance naturally attracted much attention and Barger, in collaboration 
with H. A. D. Jowett took up the attempt to synthesise it. In this he was not completely 
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successful, but his efforts were embodied in an interesting paper (Barger and Jowett, J., 
1905, 87, 967) on the synthesis of compounds closely related to adrenaline. 

These experiments led first to an observation of some chemical interest. An obvious 
starting material for the synthesis of adrenaline would be piperonal, provided that the 
methylenedioxy-group could be converted into the corresponding catechol. In studying 
the possibilities in this direction, Barger (J., 1908, 93, 563) examined the action of phos- 
phorus pentachloride and thionyl chloride on piperonal; the former reagent was already 
known to yield a tetrachloro-derivative which lost two chlorine atoms on treatment with 
water to give what was supposed to be the compound (A). Barger found, however, that an 
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identical dichloro-compound could be prepared from piperonal directly by the action of 

thionyl chloride and that it actually had the structure of a cyclic carbonate (B). This 

reaction was subsequently shown by Barger to be generally applicable to methylenedioxy- 

benzenes. . 

The much more important outcome of the experiments towards the synthesis of adren- 
aline was, however, the interest which they aroused in Barger’s mind in the physiological 
action of relatively simple basic compounds. This phase of his work, throughout which he 
collaborated with Dale, began with a return to the study of ergot. The isolation of ergot- 
oxine had done something to explain the physiological activity of extracts of ergot, but still 
left much unaccounted for; Barger first showed (J., 1909, 95, 1123) that a part of the un- 
identified activity was due to the presence of tyramine (XV), which compound he also 
synthesised; later (Barger and Dale, J., 1910, 97, 2592), he isolated the still more active 
substance histamine (XVI) from the same source. 
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In 1911 (Barger and Dale, J. Physiol., 1911, 41, 499) Barger demonstrated for the first 
time the occurrence of histamine in an animal tissue (gut); later developments in physio- 
logy and pathology have given this observation an importance which could not at the time 
be appreciated. In connection with this it may be mentioned that in continuation of 
Barger’s work his pupil Ewins was subsequently able to isolate acetylcholine from a par- 
ticular ergot extract, and this compound also has since proved to have a profound physio- 
logical importance. The physiological implications of one aspect of this work as they were 
then apparent were treated in the classical paper of Barger and Dale (J. Phystol., 1911, 41, 
19) in which the general conception of sympathomimetic amines was developed. 

During this period Barger published several other papers dealing with compounds 
allied to those under discussion; among these may be mentioned the syntheses of horden- 
ine (XVII), the alkaloid of barley (J., 1909, 95, 2193), and of hypaphorine (XVIII), the 
betaine of tryptophan (Van Romburgh and Barger, J., 1911, 99, 2068), which occurs in the 
seeds of Erythrina hypaphorus. 

With Ewins (J., 1911, 99, 2336) he showed that ergothioneine, a sulphur-containing 
substance which had been isolated by Tanret from ergot, was the betaine of thiolhistidine 


y CH,CH—CO HC==C-CH,CH—CO HC==C-CH,:CH-CO,H 

Xs I J ‘Nite, Nx NH NMerO Ny as NH-CO-CH,°CH,NH, 
NH ‘SH , 

(XVIII) (XIX.) (XX.) 


(XIX), and with Tutin (Biochem. J., 1918, 12, 403) he was able to prove by synthesis that 
the muscle extractive carnosine had the structure of §-alanylhistidine (XX). 
Barger made another contribution in the field of amino-acid chemistry when he proved 


3B2 
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the constitution of the amino-acid methionine, CH,°S*CH,*CH,°CH(NH,)°CO,H, which had 
been discovered by Mueller in 1923. He synthesised this compound first in 1928 (Barger 
and Coyne, Biochem. J., 1928, 22, 1417) and later by an improved method (Barger and 
Weichselbaum, ibid., 1931, 25, 997). 

Reference should be made to one other piece of work which Barger did, not because it 
led to any results of importance, but because at one time it exercised a peculiar fascination 
over his mind. At the time when he was in Brussels he studied a glucoside, saponarin 
(actually the subject of his first published paper) ; this substance had the unusual property 
of giving a blue compound with iodine similar to that given by starch. The observation 
attracted Barger’s interest and he returned to the subject on several occasions in later 
years; he found that the property of forming such blue complexes with iodine was generally 
associated with the y-pyrone group, and he published several papers (Barger and Field, J., 
1912, 101, 1394; Barger and Starling, J., 1915, 107, 411; Barger and Eaton, J., 1924, 125, 
2407) dealing with the theory of the reaction and with constitutional factors affecting it. 

Finally, mention must be made of two researches in which Barger played a less direct 
but nevertheless important part, namely, the work of the present writer on thyroxine and 
that of A. R. Todd on vitamin B, (aneurin). At the time when the writer started to work 
on thyroxine he had already left Barger’s laboratory several years. This did not, however, 
prevent consultation by correspondence, and the keenness of Barger’s interest and the 
freedom with which he gave of his experience did much to further the progress of the work. 
Incidentally it is typical of Barger that, in spite of this, he so far belittled the value of his 
own contribution as only with difficulty to be persuaded to agree to joint publication of the 
final stage. 

The recent distinguished work of A. R. Todd and his collaborators on the constitution 

and synthesis of aneurin was begun and largely carried through in Barger’s laboratory in 
Edinburgh. In the early stages of this work, particularly, his contribution was of great 
value. 
Apart from his original papers in scientific journals Barger published several books; 
in his monograph on ‘‘ The Simpler Natural Bases,” which appeared in 1914, he collected a 
large amount of chemical and physiological information which was otherwise not easily 
accessible. In 1930 he published ‘‘ Some Applications of Organic Chemistry to Biology 
and Medicine,” and in 1932 a textbook entitled ‘‘ Organic Chemistry for Medical Students ”’ ; 
the book by which he will chiefly be remembered, however, is the monograph “‘ Ergot and 
Ergotism,”’ which appeared in 1931. The writing of this masterly book was a labour of 
love extending over many years; in it every aspect of the subject is treated with a sureness 
of touch and a scholarly finish which make the work a model of its kind. 

Barger’s work was recognised by many distinctions in this and other countries. He 
was elected a Fellow of King’s College, Cambridge, in 1904. In 1919 he was admitted to 
the Fellowship of the Royal Society; he served on the Council in 1930—1932, and a few 
weeks before his death he was awarded the Davy Medal. He was a member of the Council 
of the Chemical Society in 1913—1917 and a Vice-President at the time of his death; in 
1936 he was Longstaff Medallist. In 1934 he received the Hanbury Medal from the 
Pharmaceutical Society. In 1928 he held the Baker visiting Professorship of Chemistry 
at Cornell University, and during the same year he delivered the Dohme lectures at the 
Johns Hopkins University, Baltimore. The British Association elected him President of 
Section B (Chemistry) for their meeting in South Africa in 1929. He received honorary 
degrees from the Universities of Liverpool, Padua, Heidelberg, Michigan and Utrecht, and 
he was an honorary-or corresponding member of many foreign academies. 

Barger’s bilingual upbringing was the foundation of the exceptional linguistic capacity 
which he developed in later life and which reached its climax when he was able to address the 
International Physiological Congress in Moscow in 1935 in eight different tongues. This 
facility for acquiring foreign languages was combined with a great enthusiasm for travel, 
and enabled him to make many contacts with colleagues in other countries. These con- 
tacts, which developed in several cases into close friendships, were of great value not only 
to himself but to the cause of mutual understanding between scientific workers which he 
had so much at heart. He was truly recognised as an international figure in Science, and 
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the many honours which he received from foreign Universities and Academies indicate the 
high regard in which he was held by his colleagues abroad; this regard was shown in 
another way, however, which meant even more to him, namely, by the constant flow of 
foreign students who passed through his laboratory. 

Barger’s death will be felt not only as a loss to Science but as a personal grief to his many 
friends. Those who were but slightly acquainted with him may not easily realise to what 
an extent he possessed the gift of true friendship. He was not the most patient of men and 
his manner at times made him seem far less patient than he really was, so that the first 
stages of acquaintanceship with him were the most difficult and there were even some who 
never succeeded in surmounting the initial barrier. Those who were admitted to his friend- 
ship, however, found it difficult to remember that any such barrier had ever existed; there 
can, indeed, have been few men who were willing to do so much in any way and at any 
time for their friends, or who were capable of showing so true a human sympathy. 

To his pupils he gave without stint, both of his thought to their problems, and of his 
time in the laboratory to their practical difficulties. At the same time he did all in his 
power to encourage independence of thought and was at pains never to dissuade a student 
from testing a new idea experimentally even though he might himself feel sure from his 
own experience that the reaction would not “ go.” 

It was indeed this love for experiment which was the keynote of Barger’s attitude 
towards his work; he was instinctively mistrustful of hypotheses which were allowed far 
to outrun experimental support and this habit of mind coloured his whole outlook. It 
caused him to have strong leanings towards a mechanistic philosophy, departure from 
which, as he said in a discussion on the nature of life at the meeting of the British Associ- 
ation in 1929, he could not but regard as treachery to Science. 

He himself possessed a high degree of experimental skill and had been at particular 
pains to perfect himself in the technique of working with small amounts of material, long 
before such technique came to be generally regarded as a part of the equipment of an expert 
organic chemist. This capacity for the fine handling of small quantities was somewhat 
paradoxically combined with unsystematic, not to say untidy, habits in ordinary laboratory 
work. 

Barger remained always a fundamentally simple-minded man; completely honest and 
straight-forward in his outlook, he never hesitated to express his views on any subject on 
which he felt strongly. He had little patience with formality and little respect for con- 
ventions, although he would not willingly disregard conventions in such a manner as to 
offend others who might feel differently. It was inevitable that he should at times have 
irritated less outspoken people, and thus have made things more difficult for himself, but 
he was not easily deterred by the thought of such consequences if what he had to say was 
a matter of conviction. This essential sincerity made it impossible for him effectively to 
conceal his true feelings, even on those occasions when he judged that such concealment 
would facilitate the attainment of his object. 

Fundamentally non-political in outlook, Barger was a man of liberal views with whom 
it was a ruling desire to break down all barriers, such as those of nationality, which interfere 
with the free intercourse of men of science; enough has already been said to indicate how 
great were his services in the pursuit of this idea, and in these times particularly the measure 
of success which he achieved remains an encouragement. 

No account of Barger would be complete without reference to the warm hospitality 
of himself and Mrs. Barger, not only to friends and colleagues, but to students who were 
working with him; for many who have passed through his laboratory the remembrance 
of this will be one of their happiest recollections. 

Barger has died as he would have wished while still in full activity ; he leaves to his friends 
the memory of a beloved personality whose loss is a grievous blow, and to his pupils an 
inspiration which will endure throughout their lives. 


I am indebted to Sir Henry Dale, F.R.S., and Dr. H. King, F.R.S., both of whom have 


read the manuscript of this Notice and have made helpful suggestions. 
C. R. HARINGTON. 
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EDWARD RICHARDS BOLTON. 
1879—1939. 


EDWARD RICHARDS Botton, who died suddenly on February 10th in his 61st year, had been 
a Fellow of the Society since 1901. 

He was the only son of J. A. Bolton of Blackrock in the County of Dublin, and received 
his school education at Bedford (Elstow), whence he proceeded to King’s College, London 
(of which last year he was elected a Fellow), and later to the laboratory of Fresenius at 
Wiesbaden. On the conclusion of his chemical studies there he returned to England and 
after a short period of technical work in Newcastle became chemist to the Albert (East 
India Products) Oil Mills at Hammersmith, thus entering on the special branch of applied 
chemistry in which he was destined later to become regarded as a leading authority. 

Apart from his proficiency and ingenuity as a chemist, Bolton had acquired some funda- 
mental knowledge of physics, and as he was naturally. possessed of the instincts and aptitudes 
which go towards the making of a good mechanical engineer, he made rapid headway in the 
solution of important problems in connection with oil refining, notably in connection with 
coconut oil. After a few years spent in the Albert Mills he entered into general consulting 
practice, but continued directive work with his original company, which became later 
incorporated as Loders and Nucoline Ltd. It was under his direction and largely by his 
inventive skill that crude coconut oil proved to be economically convertible into the highly 
finished food product which has now long been familiar. Coconut oil in its crude commercial 
state contains large quantities of free fatty acids. At first these were removed by soda 
saponification. Later, direct glycerol saponification was introduced, but was not wholly 
successful, since it tended to produce mono- and di-glycerides instead of triglycerides. 
Bolton made an advance in this direction by first producing mono- or di-glycerides by the 
action of glycerol on free fatty acids already separated from the parent fat and then using 
these mono- or di-glycerides for the direct neutralisation of the raw oil. The technique of 
the process is described in Patent Specification No. 159,587, 1921. 

Finding his consulting work rapidly growing, Bolton, with the aid of some of his clients, 
formed a small organisation under the name of “‘ Technical Research Works Ltd.,” acquiring 
a convenient building in Milner Street, Chelsea, in which he was able to erect engineering 
plant sufficiently large to deal with oils and fats on a practical working scale, and thither 
he removed his analytical laboratory and consulting office. It was here that he worked 
out the principal achievement by which he is probably best known in the technical world, 
namely, his notable practical advance in the method of hydrogenisation of unsaturated 
oils—fat hardening, as it is more familiarly called. His improvements consisted in using 
the nickel catalyst required in this operation in the form of fine metallic wool in a “ con- 
tinuous flow ”’ plant in which the oil and the hydrogen flowed in opposite directions, and in 
a special mode of restoring the activity of the nickel, as it waned, im situ. Bolton’s patent | 
in which the method is described is No. 162,370, 1921, and this may be regarded as memor- 
able, seeing that Bolton’s technique has been widely adopted not only at home, but in many 
other parts of the world to which have been exported the necessary plant made under his 


direction. 
In 1913, in conjunction with Cecil Revis, Bolton published a remarkably useful book 


under the title of ‘‘ Fatty Foods,”’ in which was brought together a great deal of technical 
information relating not only to the better known fats, but to various less known tropical 
or sub-tropical products which had come within the range of the investigation of the 
authors; and a later edition of this book, with many additions and records of later inves- 
tigations, was produced by Bolton in 1928 under the extended title of ‘‘ Oils, Fats and Fatty 
Foods.”” This book is generally regarded as one of the most useful and informative of the 
many treatises on the subject. 

The results of Bolton’s analytical investigations over many years were, for the most 
part, communicated to the Society of Public Analysts, of which Society he was Honorary 
Secretary from 1915 to 1925, and President during 1926 and 1927. His earlier papers were 
on work done in association with C. Revis, and those in later years with K. A. Williams. 
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Some of the most recent of the latter related to colour measurement, first of oils or other 
transparent liquids, and later of opaque surfaces by means of the ingenious photo-electric 
instrument designed by the joint authors (Analyst, 1935, 59, 447; 1937, 62, 3). 

Bolton’s special knowledge and experience in relation to oils and fats led to the requisi- 
tion of his services on many committees. He served on the Advisory Council of the Im- 
perial Institute on Plant and Animal Products and as Chairman of its Oils and Oilseeds 
Committee and Tung Cil Sub-Committee ; on various Committees of the British Standards 
Institution ; and on the Panel of Analysts of the London Oil and Tallow Trades Association ; 
and he was chosen as British representative on the International Commission on Fats over 
which he presided during the Congress held in London in 1935. He also rendered much 
good service over many years in connection with the Analytical Methods Committee of the 
Society of Public Analysts; and he was also a member of the Standing Advisory Committee 
appointed by the Minister of Agriculture under the Fertilisers and Feeding Stuffs Act, 1926. 
In 1927—30 he served on the Council of the Chemical Society, and in 1925—28 as Vice- 
President of the Institute of Chemistry, of the London Section of which he was a former 
Chairman. He was also a Member of the British National Committee (of the Royal Society) 
for Chemistry. 

He took an active interest in the work of the Royal Institution, of which he was on the 
Panel of “ Visitors,’ and as an instance of the versatility of his interests it may be added 
that at the time of his death he was a Vice-President of the Medico Legal Society. Not- 
withstanding his many serious preoccupations, he found time to cultivate as a hobby the 
art of photography, in which he developed a degree of artistic skill that was a frequent 
source of pleasure to his friends. 

Bolton had a happy gift of speech, fluent and well spiced with the wit of his country of 
origin, and although sometimes trenchant in debate he was therein never otherwise than 
pleasant and courteous, and his genial personality made his presence unfailingly welcome 
in the many gatherings he attended, whether formal or informal. His encyclopaedic 
knowledge of his own special subject, together with his well-known good nature, led to his 
being constantly besieged for help and advice by his professional colleagues, and he never 
failed to give cheerful and effective response, grudging neither time nor trouble. His 
sudden and tragically premature passing must be widely mourned. 

He was married in 1902 to Norah, daughter of Robert Binning of Glasgow, who survives 


him without family. 
BERNARD DYER. 





JOHN THOMAS DUNN.* 
1859—1939. 


Dr. J. T. Dunn died, in his 81st year, in Newcastle upon Tyne, on January 3rd. 

The service at the West End Crematorium, Newcastle, on January 6th, was attended by 
a numerous congregation, representative of his scientific, public, social, cultural and other 
activities. It was conducted by the Rev. Herbert Barnes of the Church of the Divine 
Unity, who gave a short address of consolation and an appreciation of Dr. Dunn’s attain- 
ments and services and of his many-sided character. 

A memorial service was held on Sunday, January 8th, in the Church of the Divine Unity, 
Newcastle, where Dr. Dunn attended after he came to live in Newcastle. An eloquent 
address was delivered by Lord Eustace Percy, Rector of King’s College, Newcastle, in which 
he referred to the long and valuable services of Dr. Dunn to the Council of the College. 

Dunn was educated at Dr. Bruce’s School and at Durham College of Science, later 
Armstrong College (now King’s College), Newcastle. He graduated B.Sc. in 1877 and 
proceeded to M.Sc. and D.Sc. At Armstrong College he was Demonstrator in Chemistry 
and Physics and, later, Acting Professor of Chemistry (1882). He then turned to scholastic 
work, becoming science master at Gateshead School in 1884, and Head Master in 1887. 
In 1894 he became Head of the Technical School, Plymouth, and in 1895 Principal of the 
Northern Polytechnic Institute, London, where he was also Head of the Chemistry Depart- 


* Reprinted by permission from The Analyst. 
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ment. In 1901 he joined John Pattinson in partnership in the firm of J. & H. S. Pattinson, 
Analytical and Consulting Chemists, Newcastle upon Tyne, of which he was the senior 
partner at the time of his death. On Pattinson’s death Dunn became Public Analyst for 
the City and County of Newcastle upon Tyne, the County of Northumberland, the County 
Boroughs of Gateshead, South Shields, Sunderland, and Tynemouth, and the Borough of 
Berwick-upon-Tweed; these appointments he held until 1937, when, owing to his illness, 
his partner was appointed to them. 

Dunn was elected a Member of the Society of Public Analysts in 1905, served three 
periods as Member of Council, was Vice-President in 1917—1918, and was elected President 
in 1930. He was President of the Society of Chemical Industry in 1933—1934, and was 
a Member of Council of the Institute of Chemistry, 1918—1921, and Examiner from 1921 
to 1925 and from 1927 to 1932. 

An eminent man has gone from us, but his example remains, and fortunately the many 
who came in contact with him during his early scholastic and university life, and later in 
his numerous public and professional activities, have had the opportunity to profit by it. 
A cultured and scholarly man, of a quiet and kindly disposition, tolerant of the views of 
others, yet ever ready stoutly to defend his own opinions with a vigour that surprised those 
who were unacquainted with the depths of his character. He was a fluent extempore 
speaker, but nevertheless he wrote all important speeches, which he committed to memory 
and delivered with scarcely a reference to his notes. Of his own language he was a perfect 
master, and he derived much entertainment from journalese; he possessed an intimate 
knowledge of French and German, a working acquaintance with Italian, and for business 
purposes he even made a study of Russian. 

As might be expected, he was a scholarly writer, and his manuscript and letters will 
long be remembered for his choice of words, beauty of handwriting and neat arrangement. 
Dunn accomplished so much because of his great powers of endurance (he was only once 
known to admit feeling tired) and because he permitted himself no idle moments; having 
a few minutes to spare before keeping an appointment or catching a train, he would employ 
them by writing a short letter, or in making a microscope examination, arriving without 
hurry, to catch the train almost at the due time for departure. He was never bored, nor did 
he feel the need of hobbies. Habitually he acted upon the injunction “ do it now,”’ rarely 
delaying or postponing, and no sooner was he asked to do something than he at once set 
about doing it, if he approved'of the request. This characteristic sometimes led to wild 
searches in the waste-paper basket for a document or letter which, having been at once 
attended to, had been thrown away, but which, on second thoughts, he wished to file or to 
refer to again. 

Dunn took a deep interest in Rotary, regularly attending the Friday lunches of the New- 
castle Club, of which he was a Past President, and he often visited the Rotary Clubs in the 
neighbourhood of Newcastle; in 1928 he represented Newcastle Rotarians at the Inter- 
national Conference at Minneapolis, U.S.A. He never used the much-hackneyed word 
“* service,”’ yet he was ever ready to do a service for those who needed it; though charitable, 
he preferred to act through some organisation whose business it was to investigate cases of 
need. He had a great love of animals, particularly of dogs, and was Secretary and Trea- 
surer of the Newcastle Dog and Cat Shelter, and a member of the Committee of the New- 
castle Branch of the R.S.P.C.A. A lover of music, and no mean performer on the piano- 
forte, he was an active supporter of local music societies, and acted as Local Representative 
of the Associated Board of the Royal Schools of Music, London. 

Dunn was a Justice of the Peace for Gateshead, a Freeman of the City of Newcastle, 
a member of the Freemen’s Guild, and a member of the Ancient Company of House 
Carpenters, of which he was Senior Steward. 

His was a crowded life, yet nothing appeared too great or too trivial to merit his atten- 
tion, and in all he undertook he gave of his best. Although he passed the normal span of 
life, he never went through the period of old age, and thus we shall continue to remember 
him—a man of great activity and usefulness. 

He leaves a widow and an only child, Mrs. V. A. Mundella. 

H. CHARLES L. BLOxAM. 
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WILLIAM SETTEN GILLES. 
1876—1938. 


It is with much regret that we record the death on December 2nd last of William Setten 
Gilles, who was elected a Fellow of this Society on February 17th, 1898. He was born on 
October 9th, 1876, and was educated first at St. Dunstan’s College, Catford, and then 
entered the Central Technical College of the City and Guilds of London Institute, South 
Kensington, in 1893 as a student in the Chemical Department under H. E. Armstrong, 
F.R.S., and F. S. Kipping, F.R.S. After obtaining the College Diploma, A.C.G.I., in 1896, 
he was awarded a Leathersellers’ Research Fellowship and was engaged in researches on the 
terpenes till early in 1898. He then joined Courtaulds Limited at their Bocking factory 
in Essex, and rapidly became an expert on real silk and its dyeing and finishing. 

In the early days of viscose and cuprammonium rayons he made considerable studies of 
the physical and chemical properties of these materials and their behaviour in dyeing and 
finishing. 

In 1910 he became Manager of the Black Crepe Department, and for the next fifteen 
years was responsible for the whole art of production of this very difficult type of crepe 
silk fabric, the production of which was for many years regarded as a trade secret. 

When he retired in 1925 from active works research and production, he remained 
closely associated with the industry as‘a consultant, and as a member of the Executive 
Committees of the Silk Research Association and of the Council of the British Cotton 
Research Association. 

He was a Fellow of the Institute of Chemistry, and in 1937 he was awarded the Fellow- 
ship of the City and Guilds Institute. 

Throughout his life he was keenly interested in several branches of natural history and 
became a recognised authority on British moths. His extensive entomological collection 
he bequeathed to the Cambridge Natural History Museum. 

Of an extremely retiring disposition, he nevertheless gave much disinterested service 
and support to local and other charities, and his numerous acts of private generosity will 


long be remembered by his friends. 
F. F. RENWICK. 





FRANCIS WOOD HARDY. 
1892—1939. 


FRANCIS Woop HArRpy was born at Allerton, a suburb of Bradford, in 1892. He received 
his general education at Carlton Street Secondary School, Bradford, and then entered 
Westminster Training College, graduating as B.Sc., of London, in 1914. In 1916, after a 
course of research work at Leeds University, he joined the staff of the Leeds Modern School 
as Senior Chemistry Master and continued in this capacity until the time of his death, which 
took place with tragic suddenness in January while he was on his way to school. 

Though a martyr to rheumatism, he fought steadfastly against ‘this disability. A man 
of lovable personality, he never bore ill-will, invariably confronting petulance with severity 
and anger with good humour. He had the gift of inspiring enthusiasm in his pupils, many 
of whom have won high distinctions both at school and the University, and no earnest 
student looked to him in vain for help and encouragement. He was strong in the belief 
that the aim of the whole staff was to make the “‘ Modern ”’ the first school in the City, and 
the records he kept of the achievements of his boys showed how deeply he accepted the 
tradition of the school that only the best was good enough. For several years he had been 
collecting mineral and chemical specimens from all quarters of the globe. This collection, 
which includes many rare specimens of great interest to students, stands as a permanent 
memorial to his work, ‘‘ monumentum aere perennius.” A man of many parts, Hardy 
was a great lover of music, and the school orchestra, which he brought into being, provided 
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another channel for his activities. He was also a shining light in the Allerton Methodist 
Church, and a keen gardener. His was a fine record of service; a workman “ who needeth 
not to be ashamed,” and a host of friends will hold him in thankful remembrance. 

Hardy was a member of the Faraday Society, and was elected a Fellow of the Chemical 
Society in December, 1923. G. W. KENDALL. 





WILLIAM EDWARD KAY. 
1855—1938. 


Kay, who was 83 years of age at the time of his death on November 7th, 1938, was a bril- 
liant pupil and for years personal assistant of Sir Henry Roscoe during the formative period 
of Owens College and the Victoria University, Manchester. He was invited by Walter 
Crum, F.R.S., an intimate of Roscoe, to seek a career in calico printing as chemist to the 
Thornliebank Works, near Glasgow, then one of the largest and most important in the world. 
He rapidly became a recognised authority on the science and technology of textiles, dyeing 
and printing. 

The industry was in transition from the period of ‘‘ natural ’’ dyewares and traditional 
processes, still of the greatest importance, to that of artificial dyestuffs, many classes of 
which were already in use alone and in association with the older materials and methods. 
Kay disclosed exceptional gifts of administration, and many were surprised to find in this 
mild-mannered professional gentleman a man of firm will, ripe judgment, and keen appre- 
ciation of character who could deal suitably with men of all types. 

At the formation of the Calico Printers Association he was selected as its chief chemist 
and established its original central laboratory. In later years he was mainly responsible 
for the buying activities of the Association, and the organisation for central buying was 
built up by him. 

In spite of his partial dissociation from the technical side of the industry Kay always felt 
strongly about the professional status and interests of scientific workers, and in post-war 
years lent his influence and services to the establishment of the British Association of 
Chemists, which owes its survival through the difficult early years largely to his persistent 
efforts. 

Kay was elected a Fellow of the Chemical Society on February 17th, 1881. 

F. O. ASHMORE. 





ARTHUR WILLIAM KNAPP. 
1881—1939. 


It is with great regret that we have to record the death of Arthur William Knapp, who 
passed away in the General Hospital, Birmingham, on Friday, January 6th, 1939, in his 
59th year. 

Knapp was born at Handsworth and educated at the King Edward VI Grammar School, 
Aston, and at Birmingham University. He graduated B.Sc. London and Birmingham 
in 1901, and M.Sc. Birmingham in 1928. He passed in 1903 the examination for the 
Associateship of the Institute of Chemistry, and proceeded to the Fellowship in 1906. He 
was a member of the Institution of Chemical Engineers, of the Society of Public Analysts, 
of the Society of Chemical Industry, and of the British Association of Chemists, and he was 
a Fellow of the Chemical Society and of the Institute of Hygiene. 

From 1923 to the time of his death Knapp was Chief Chemist to Messrs. Cadbury 
Brothers, Ltd., Bournville. He joined the Cadbury organisation as the firm’s first research 
chemist in 1911, and he had previously held appointments in Public Analysts’ Laboratories 
in London, Belfast and Birmingham, and in the Research Laboratory of Messrs. Lever 
Brothers, Ltd., Port Sunlight. 

A fairly frequent contributor to the chemical and technical press, Knapp was also the 
author of a number of standard works on the cocoa and chocolate industry. His book on 
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“Cacao Fermentation,’”’ which was published in 1937, seems likely for many years to come 
to remain one of the best text-books on this subject. The research work which he carried 
out was of great importance to the cocoa and chocolate industry, and its value was officially 
recognised in 1935 when he was awarded the Médaille de Mérite de l’Office International du 
Cacao et du Chocolat. 

Knapp’s interest in and devotion to his profession were wholehearted and unswerving, 
and his concern for the less fortunate of its members was a constant example to us all. He 
served on the Council of the Institute of Chemistry, of the Society of Chemical Industry, 
of the British Association of Chemists and of the Society of Public Analysts. He had also 
been Chairman of the Local Sections of the first three bodies and of the Midland Chemists’ 
Committee. 

As a chief he was kindly, courteous and considerate, and his zeal for truth was an 
inspiration. In the most difficult circumstances he would retain his calm and balanced 
judgment and perfect self-control; temper played no part in hismake-up. An old colleague 
wrote of him: “I have always envied him his gifts, his quiet yet so forceful manner of 
speaking and writing, his comprehensive knowledge of everything connected with cocoa 
and chocolate; but his unassuming manner and the invariable friendliness with which he 
greeted me made me feel as if I had been his brother.”’ 

Another of his colleagues has said : ‘‘ In so far as such a nature could hate anything, he 
hated humbug and insincerity, whether in commerce, literature, religion or any other 
department of life. It was perhaps his downright sincerity which kept him from orthodox 
religious expression, but if purity of thought and action, unflinching integrity, kindliness, 
and generosity with his time, talent and money—if these are Christian virtues, then he was 
the Christian of us all.” 

Knapp’s gifts and interests were not confined to science. He was a ready and able 
writer on artistic, literary and philosophical subjects, he had a skilful pencil, with a special 
aptitude for caricature, and he was both a very keen student of the drama and a most 
gifted amateur actor. He was a member of the Fabian Society, and in his early days at 
Belfast he frequently spoke at open-air meetings, sometimes at grave personal risk. He 
combined shyness and reserve with the highest moral courage, and his considerateness for 
others reflected his own extremely sensitive nature. 

Despite his many outside interests, he was devoted to family life, and it was an inspir- 
ation to visit his home and to see the happiness which he shared with his wife and children. 
The writer once spoke to A. W. Knapp about happiness in life, and he replied: “I don’t 
know that I should call myself happy—I would rather describe it as ‘ blessed.’’’ To have 
known such a man was a privilege. We, his friends, rejoice in his memory and mourn his 
loss. J. R. JOHNsoN. 





CYRIL ALEC LAWRENCE. 
1912—1938. 


A PROMISING chemical career was cut short almost at its outset by the sudden death on 
December 20th, 1938, of Cyril Alec Lawrence. He was born in 1912, educated at the 
Coopers’ Company’s School at Bow, and later became a laboratory assistant at St. Olave’s 
Grammar School, where he was given facilities for higher study. At a very early age he 
developed an enthusiasm for organic chemistry which amounted almost to a passion. He 
attended the evening classes of the Sir John Cass Technical Institute, graduating in London 
University with honours in Chemistry in 1933. In collaboration with Dr. E. de Barry 
Barnett he studied the application of the Diels-Alder reaction to conjugated dienes 
obtained by dehydration of cyclic pinacols and thereby synthesised a number of interesting 
polycyclic compounds. For this work he obtained the degree of M.Sc. in London Uni- 
versity. As a grantee of the Medical Research Council, Lawrence worked in the Research 
Institute of the Royal Cancer Hospital from 1935 to 1937, where he obtained his Ph.D. degree 
with a thesis describing the synthesis of various hydronaphthalene derivatives by an internal 
Darzens reaction, and also by the use of vinylcyclohexenes in the diene reaction. In 
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January, 1938, Lawrence began work at the Courtauld Institute of Biochemistry of the 
Middlesex Hospital, where he undertook an investigation of problems relating to synthetic 
oestrogenic compounds. Never robust, his health began to fail, but he appeared to be gain- 
ing strength towards the end of the year and his death, which took place in a sudden 
spell of severe weather in December, was quite unexpected. 

Lawrence was a devotee of motor-cycling and on several occasions attended the Tourist 
Trophy races in the Isle of Man. He was unmarried, and is survived by a widowed mother 
and a brother and a sister. 

He was elected a Fellow of the Society on June Ist, 1933. J. W. Cook. 





ALFRED COURTENAY LUCK. 
1866—1938. 


ALFRED COURTENAY Luck, whose death took place on June 21st, 1938, in Buenos Aires, 
was born on December 21st, 1866, in England, and received his education at private schools 
and at King’s College, London. 

He studied chemistry under the late W. E. Halse, who specialised in sugars, starches, etc. 
Later Luck was appointed chemist and afterwards a chief chemist to the explosive works 
of Pigou, Wilks and Laurence at Dartford, this firm being subsequently absorbed in that of 
Curtis and Harvey which now belongs to Imperial Chemical Industries, Ltd. He was with 
this firm for 12 years, and resigned to take over the managing directorship of Luck’s 
Explosives, where he remained until in 1904 he accepted the position of Director of the 
Explosives Laboratory of the Navy, at the Ministry of Marine of the Argentine Government. 
He resigned from this position in 1934 to become chief chemist to the Buenos Aires and 
Pacific Railway. He remained there for six years and left it to devote his time to private 
practice, working almost exclusively for English firms established in Argentine. During 
the early part of his life in England, Luck was connected with Cross and Bevan, working 
with them on the stability of nitrocellulose, and being joint author of works dealing with 
this subject. 

He was an original member of the Society of Chemical Industry, a Fellow of the Institute 
of Chemistry from 1918, and was a member of the Committee appointed to represent the 
Argentine at the Seventh International Congress of Applied Chemistry held in London in 
1907. 

Luck married as his second wife Margaret Ryle, an Argentine of Irish descent, and left 
two sons by his first marriage and three by his second. He was a keen sportsman and a 
collector of old paintings. 

He was elected a Fellow of the Chemical Society on February 15th, 1905. 





STEVENSON JOHN CHARLES GEORGE MACADAM. 
1865—1939. 


STEVENSON J. C. G. MAcapaM, who died on January 26th at the age of 73, was the younger 
son of Prof. Stevenson Macadam. He assisted his father, and subsequently worked with 
his brother, Prof. W. Ivison Macadam, in the chemical laboratories of the Edinburgh 
College of Surgeons. On the death of his brother in 1902 he left the College and established 
himself as a consultant, holding many positions as public analyst. He retired from practice 
a number of years ago and devoted himself to country pursuits and to the cultivation 
of cacti at his house at Lasswade, Midlothian. He was unmarried. 


He was elected a Fellow of the Chemical Society on February 2nd, 1888. 
C. H. DEscu. 
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KENDALL MORGAN MADIGAN. 
1909—1938. 


KENDALL MorGAN MapiIGAN obtained his Doctorate of Dental Surgery at the University of 
Alberta, Canada. On his return to Australia he practised in Macquarie Street for two 
years. He was then appointed Oral Surgeon to the Bathurst Hospital. Here he exhibited 
exceptional technique in this department of dental work. Later he commenced private 
practice in West Maitland, combining oral surgery with general dental work. He was 
selected as Honorary Dental Surgeon to the Maitland General Hospital. 

Madigan was passionately attached to his profession, and possessed a distinctly 
comprehensive view of dental science. He was one of the few who had enough imagination 
to realise that standards of human nutrition played the greatest part in dental prophylaxis, 
and that the biochemist was the greatest friend of the dentist. He was intensely interested 
in the biochemical factors involved in tooth nutrition, and followed with great enthusiasm 
all the vast array of chemical research bound up with this great problem. 

At the time of his demise he was planning some research work in dental materia medica 
in which chemical research was to be the foundation. But destiny determined otherwise, 
and harshly extinguished a promising career at the age of 29 years. Madigan had a bright 
and breezy personality and was blessed with a keen sense of humour. He was fond of 
outdoor pursuits, particularly in the athletic and sports arenas. GEORGE Z. DUPAIN. 





EMILE MOND. . 
1865—1938. 
TREASURER, 1931—1938. 


EMILE Monp spent his early years in Paris and was educated at the Collége de Sainte 
Barbe and at the Lycée Condorcet. From there he went to Ziirich for his specialised 
training in chemistry at the Polytechnicum under Lunge and Alfred Werner. He pursued 
his studies diligently and already took a lively interest in literature and the arts and his 
imagination was stirred by the rapid advances then taking place in many branches of 
natural science. He knew his teachers intimately and was immensely popular with and 
respected by his fellow students. It was during this time that one of the writers (E. B.) 
came to know him and to be a life-long friend and collaborator. 

Like many parents at that period, Emile Mond’s father did not believe in pampering his 
children. One story of his Ziirich days Emile Mond has related with his characteristic 
appreciation of delicate humour. Always abstemious, he nevertheless found it trying 
at times to be deprived of an occasional glass of wine to accompany his boarding-house 
fare. Then came an opportunity and after some hesitation he wrote to his father suggesting 
a small supplement to his allowance in order to purchase a little wine which would render 
the dubious liquid from the municipal water tap more safe during the prevailing epidemic of 
typhoid in Ziirich. Replying immediately, his father pointed out that a few drops of 
vinegar would be at least as effective if not more so for the purpose! On one occasion when 
a student at the Polytechnicum had grossly misbehaved, rather than report the matter to 
the authorities the general body chose Emile Mond to take charge of a court of honour to 
consider the matter and the culprit was dealt with summarily and effectively; and so at 
this stage his qualities as an arbitrator and as a man of honour were recognised by his 
fellows who realised something of his fine personality and character. 

After taking his diploma, Emile Mond in collaboration with his friend made his first 
venture into industrial chemistry and technical production. The story is an interesting 
one. During a discussion after the course of Lunge’s lectures on dyes and dyeing processes 
one student, also from Paris, remarked on the stupidity of importing to Europe the bulky 
dyewoods from the tropics and carrying out the extraction here; if the extraction were 
carried out at the plantations and the extract shipped to Europe, the saving on freights 
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alone would ensure adequate profits. The originator of the idea did nothing further in 
the matter, eventually becoming a successful manufacturer of synthetic perfumes; but 
Emile Mond and his friend were greatly interested. A little later and with the consent of 
his uncle, Dr. Ludwig Mond, they designed and ordered a small experimental plant for 
extracting logwood, logwood extract then still being one of the most important dyes. 
They rented a small shed in Manchester, buying steam from an adjoining factory. The 
work went on continuously day and night, the two friends relieving each other in two 
shifts and changing turns weekly. They had to work hard and live economically, but they 
made the extract and reports of the technical trials were so satisfactory that plans for the 
large-scale plant to be erected in the West Indies were quickly made. These plans had to 
be submitted to Dr. Mond, whom they approached with some trepidation. They found a 
propitious moment, one o’clock in the morning, when it so happened they caught the great 
man after a successful game of billiards. ‘“‘ My poor boys,” he exclaimed, “ it’s all wrong, 
no thought for the future, no provision for expansion, you would have to pull down every- 
thing.” Dr. Mond had never seen a dyewood extract plant, but seizing a billiard chalk he 
rapidly drew on the green cloth what became the final plan of the works, exclaiming, 
“Here is the line of boilers, here the diffusion battery with room for expansion to the 
right and left, here the row of cutting machines, here the row of vacuum pans ”’ and so on 
to the last detail. 

Still the two friends had to struggle, capital had to be found. Dr. Ludwig Mond was 
appealed to, but he was obdurate, having decided, probably wisely, that it would do the 
young men no harm to realise at this stage that difficulties should be surmounted by their 
own efforts. But they did find the capital and ultimately year after year the share- 
holders received a dividend of 50%. One day, they received a request from a lady desirous 
of investing money with the West Indies Chemical Works Limited. She was Dr. Mond’s 
faithful old French cook, who, on retiring, had asked her employer’s advice concerning 
a sound investment. Emile Mond has said that that was the proudest moment of his 
industrial career. When the Jamaica enterprise was in full swing he ceased to take active 
share in the management; for him it had been a useful experience in organisation and in 
the surmounting of difficulties and it brought out that tenacity of purpose which charac- 
terised his work. 

On returning to London, Emile Mond became technical assistant to his uncle, specialising 
in patent work. Later, he joined the board of Brunner, Mond and Company, Limited, and 
also became vice-chairman of the Mond Nickel Company, Limited. In addition, he held 
the chairmanships of the South Staffordshire Mond Gas company, the Power Gas Corpora- 
tion, Limited, and Ashmore, Benson, Pease and Company, Limited. 

Emile Mond married Angela, youngest child of the late James Henry Goetze, who has 
been so closely identified with his many benefactions and scientific and social activities. 
Ever since its foundation by Madame Marie Bohn, he was intensely interested in the 
Institut Frangais du Royaume Uni and, being greatly concerned at the lack of educational 
facilities for French and Belgian refugee children, he provided for the establishment of 
the Lycées de Londres in May, 1915. These institutions became so important that the 
British Government provided a house for them and the Lycées became part of the Institut 
Francais. Later, in 1921, they were formally recognised by the French Government and 
affiliated to the Université de Lille. In recognition of this important work, with which he 
continued to be actively identified, Emile Mond was made Officier de la Légion d’Honneur 
by the French Government and Officier de l’Ordre de Léopold by the King of the Belgians. 
In 1919, he established the ‘‘ Francis Mond ”’ Professorship of aeronautical engineering— 
the first chair in that subject in a British University—at Cambridge in memory of his son, 
who was killed while flying in France in May, 1918. 

Although he always underestimated his own ability and attainments in the science, 
Emile Mond was keenly interested in the advancement of chemical knowledge. He 
delighted to visit laboratories where original investigations were in progress and frequently 
contributed materially to the discussion of results. It was this interest in the subject and 
his desire to assist in the publication of new knowledge which led him to accept the Honorary 
Treasurership of the Faraday Society in 1930, succeeding his cousin, the late Sir Robert 
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Mond, and in 1931 he also became Treasurer of our Society. He was elected a Fellow of © 
the Society in May, 1899, and was. Vice-President from 1929 to 1931. 

The records bear witness to the meticulous care and foresight with which he looked 
after the financial side of the Chemical Society’s work. His work as Treasurer 
began during a time of severe financial stress. Emile Mond quickly realised that, if the 
Society was to continue its publication work on a scale in any way commensurate with its 
function as the oldest and leading society devoted to the extension of chemical knowledge 
and with the needs of the science, active support, apart from what the Fellows could 
contribute, must be obtained from chemical industry for its work. He supported finan- 
cially and actively all the efforts which have resulted in the establishment of the Chemical 
Council. He always preferred to give rather than ask for money, but when he did appeal 
for money for the Society, and this had to be often, he was invariably successful. During 
Emile Mond’s Treasurership the Society, in spite of passing through a difficult time, has 
made outstanding progress and the publication of new knowledge in chemistry has been 
greatly extended. 

Emile Mond was a man of rare discernment, great modesty and charm. Severely 
critical of his own efforts, he was always appreciative of those made by others. Only a 
few have any idea of his great generosity during many years and this generosity was guided 
by his intense desire to help the younger generation, to advance science and other branches 
of knowledge and to exiend international good will. For many years, Mr. and Mrs. Emile 
Mond made their houses delightful centres of refinement, culture and recreation for their 
numerous friends in this and many other countries. 

Emile Mond was a type of man unfortunately too rare in these days. His greatest 
happiness was in helping others towards a fuller appreciation of things that are worth while. 
He will be greatly missed and to Mrs. Mond and the family all who came to know him tender 
their deepest sympathy. 

He died on December 30th, 1938, at his residence, 22 Hyde Park Square, London, W.2, 
and is buried at Sullington, Sussex. 


The Society has a permanent and visible memorial of its late Treasurer. Mrs. Emile 
Mond has presented to the Society a beautifully designed Presidential Badge in gold and 
enamel which she and her husband had had made some little time ago. 

This notice has been written by two personal friends, one who has known Emile Mond 
intimately during 54 years and the other who has been privileged to be particularly closely 
associated with him during recent years. They with many others will continue to revere 
his memory. EMILE BUCHER. 

CHARLES S. GIBSON. 





CHARLES EDWARD MUNROE. 
1849—1938. 


CHARLES EDWARD Munroe, Ph.D., LL.D., was born at Cambridge, Mass., U.S.A. on May 
24th, 1849, and died on December 7th, 1938. He graduated in 1871 from Harvard Univer- 
sity, where he became assistant lecturer in chemistry and founded what was probably the 
first course in technological chemistry. From 1874 to 1886, Munroe was professor of 
chemistry at the United States Naval Academy, which he left to enter the Naval Torpedo 
Station. Thereafter, he became professor of chemistry at George Washington University 
(1892—1917), where he acted also as consultant on explosives at first to the Technological 
Branch of the Geological Survey and later to the Bureau of Mines from its inception in 
1910. In 1919 he became chief explosives chemist to the Bureau of Mines, a post which he 
held until his retirement in 1933. 


From amongst Munroe’s many achievements in the study of explosives, perhaps the best 
known are his invention of a smokeless powder, “‘ indurite,” the first smokeless powder 
used by the United States navy; his discovery of the so-called “‘ Munroe effect,” whereby, 
for example, a design impressed in the face of a cube of guncotton is indented in a steel 
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plate on which the cube is detonated; and his development of “‘ permissible ’’ explosives 
for use in coal-mines. 

All those who knew him had a high respect for Munroe and regarded him with affection. 
He was always ready to help younger men engaged in the study of explosives and his wide 
knowledge of the subject enabled him effectively to do so. 

Among the honours received by Munroe were Commandant of the Order of Medjidje 
from the Sultan of Turkey, and Officer of the Order of Leopold II. He was President of 
the American Chemical Society in 1898, and was elected a Fellow of the Chemical Society 
on March 15th, 1888. R. V. WHEELER. 





HUBERT NAYLOR BARDSLEY RICHARDSON. 
1865—1938. 


HuBERT NAYLOR BARDSLEY RICHARDSON died at Leicester on May 27th, 1938, at the age 
of 73. 

Being elected in December, 1888, he had been a Fellow of the Chemical Society for 
close on 50 years. He was also Chairman of Messrs. John Richardson & Co. (Leicester) 
Ltd., Manufacturing Chemists. Born in 1865, Hubert Richardson was the eldest son of 
the late John George Frederick Richardson, himself a Fellow of the Society for 30 years, 
who established the wholesale business of John Richardson and Company in 1869. 

Hubert Richardson commenced his education at Uppingham School, where he began his 
studies in chemistry. From Uppingham he matriculated at Jesus College, Cambridge, 
where he remained for 3 years, and obtained the B.A. degree, taking chemistry for the 
Special Examination. 

In 1890 Hubert Richardson commenced a course of studies at the School of Pharmacy, 
Bloomsbury Square, and at the conclusion thereof, successfully passed his minor and 
major examinations. Considering that he was by this time fully competent to accept a 
responsible position in the commercial world, his father made him a partner in the firm, 
and placed the general superintendence of the works under his care. In this position 
Hubert Richardson soon gave evidence of his exceptional ability, and his uniform kindness 
of manner and consistent impartiality caused him to become much esteemed by the staff. 
Although he continued his connection with the business up to the time of his death, Hubert 
Richardson found time to devote some of his energy to literature, and several publications 
bear his name, his greatest undertaking undoubtedly being his ‘‘ Dictionary of Napoleon,”’ 
which took him several years to compile. He was also a member of the Gypsy Lore Society, 
in which he always took a great interest. 

A keen sportsman, he was Captain of the Uppingham School eleven in 1884, and rowed 
for his College at Cambridge. 


Hubert Richardson leaves a wife, two sons and two daughters. 
J. R. E. RicHARDson. 





HARCOURT HENRY BENJAMIN SHEPHERD. 
1854—1939. 


ANOTHER of our veteran Fellows, Harcourt Henry Benjamin Shepherd, passed away at 
Bexhill-on-Sea on January 5th, 1939, in his eighty-sixth year, after having been in delicate 
health for the last few years. He was one of several sors of the late Benjamin Parkman 
Shepherd, of Bristol, and was educated at‘the Bristol Grammar School. On leaving 
school, he became a pupil in the School of Chemistry which was successfully conducted 
for many years by the late Thomas Coomber and was later taken over by the Society of 
Merchant Venturers, subsequently becoming affiliated to the University of Bristol. After 
his course with Coomber Shepherd came to London and continued his studies at the Royal 
College of Science, where he worked as an assistant under Frankland and Valentin, and 
later, in 1873, became an assistant in the private laboratory of the late Dr. Augustus 
Voelcker, where, among his laboratory companions, were the late F. J. Lloyd, the late 
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Alfred Smetham, the late J. A. Voelcker, and also the writer of this notice, who formed with 
him a close friendship which lasted for life. 

On the recommendation of Voelcker, Shepherd, in 1875, was appointed chemist in the 
laboratory of Ohlendorff’s Dissolved Peruvian Guano Works, then newly established in 
London for the treatment of raw Peruvian guano with sulphuric acid in order to convert 
its phosphate into water-soluble form. The work of the factory, which had a good sulphuric 
acid plant, was gradually extended to the production of superphosphate and of miscella- 
neous compound fertilisers, the company being later reconstituted as the Anglo-Conti- 
nental Guano Co., Ltd. Shepherd remained here for the whole of his working life, first as 
chemist and later as chemical manager, a post which he held until his retirement sixteen 

ears ago, 
. He was elected a Fellow of this Society in 1874 and in early days he was a regular atten- 
dant at the fortnightly meetings of the Society, and was a companionable member of the 
little coterie of chemists who were specially interested in the development of agricultural 
chemistry, in the technical aspects of which he continued to take a keen interest up to the 
end of his sixteen years of retirement, which were spent at Bexhill. He was a member of 
the abstracting staff of the Journal of the Society during 1876 and 1877. 

Shepherd made from time to time useful suggestions in connection with the analysis of 
fertilisers and feeding stuffs, among them being an ingenious modification of the old Will 
and Varrentrapp nitrogen bulb used in soda-lime combustions. Although it may have 
had but small scientific significance, this improvement came as a boon to many analysts 
many of whose laboratory hours were spent in carrying out this troublesome process 
before the wet combustion method of Kjeldahl appeared as a star in the analytical firmament. 
This little device of Shepherd’s was communicated to the Chemical News (1878, 38, 251). 

In 1883 he also contributed to the Chemical News a timely and interesting discussion on 
the determination of nitrogen in mixtures containing nitrogenous organic matter, ammo- 
niacal salts, and nitrates, a difficult problem which has continued to exercise the ingenuity 
of agricultural analysts both here and abroad down to the present time and has only 
recently been worked out to what appears to be a successful issue (see Analyst, 1938, 63, 866). 
He also contributed to the Chemical News (1891, 63, 251) a critical discussion of the then 
newly introduced Glaser method for the determination of iron oxide and alumina in 
phosphates, in connection with which he made some useful suggestions. 

During the War he was among those who rendered valuable national service in con- 
nection with the manufacture of sulphuric acid for high explosives, 

He was an original Fellow of the Institute of Chemistry and was, for many years, a 
member of the Society of Public Analysts and a Fellow of the Royal Society of Arts. 

He married, in 1878, Matilda Tucker, daughter of James Tucker, of Woolston, Hants, 
whom he survived by 34 years, leaving two sons and four daughters. 

BERNARD DYER. 





THOMAS STEVENSON. 
1864—1938. 


THOMAS STEVENSON died in Edinburgh on October 29th, 1938, at the age of 74. 

He served his apprenticeship with his father, a well-known pharmaceutical chemist of 
his time, and qualified as a pharmaceutical chemist in 1886. As a student he made various 
contributions to the local branch of the Pharmaceutical Society, and later on published 
several books dealing with special aspects of pharmacy. 

After a period of work in Bombay he returned to Edinburgh in 1902 and resumed 
practice; in 1906 he founded the Prescriber, a monthly journal devoted to reporting the 
progress of pharmaceutical chemistry. He took an active part in the work of the North 
British Branch of the Pharmaceutical Society, and served both as a chairman of the Section 
and as an examiner. 

Stevenson was a man of a quiet and kindly disposition. He was interested in music 
and also took an active part in the development of the Rotary Club movement. 

He was elected a Fellow of the Society on December 3rd, 1891. A. LAUDER. 
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ALFRED EDWIN HOWARD TUTTON.* 


1864—1938. 


ALFRED EpwINn Howarp TuTToNn was born on August 22nd, 1864, at Cheadle Mosely, 
Cheshire, and was the only child of James Tutton, a Venetian blind manufacturer. He 
received his early education at the National School of Edgeley, and at the age of fourteen 
entered the office of the Town Clerk, and later that of the Medical Officer of Health in 
Stockport. During this period he attended evening classes at the Mechanics’ Institute and 
Sir Henry Roscoe’s evening Chemistry Course at Owens College. 

In 1883 he was awarded a Royal Exhibition at the Normal School of Science and Royal 
School of Mines at South Kensington, together with a Scholarship from the Lancashire and 
Cheshire Institutes, and this enabled him to obtain the training for a scientific career under 
Frankland, Thorpe, Judd, and Rucker during the next three years. Here he was awarded 
the Murchison Medal for Geology, the Tyndall Prize for Physics, and the Hatton Prize for 
Chemistry, closing with the first-class Associateship of the College, and a teaching Scholar- 
ship for a fourth year. 

Soon after Thorpe had succeeded Frankland, Tutton was appointed his Demonstrator 
and Lecturer on the Theory of Chemical Analysis. He collaborated with Thorpe in the 
investigation of the oxides of phosphorus, and the results of his research, including the 
discovery of the tetroxide and the study of P,O,, were published in a series of papers between 
1890 and 1892. The properties of the latter oxide were, as is well known, of considerable 
pathological interest. He was also occupied during this period with the calculations and 
maps for Thorpe and Rucker’s Magnetic Survey of Scotland. 

At this time he became specially interested in Crystallography, the subject to which in 
later years his most important researches were assiduously devoted. In this (except for a 
little private instruction from H. A. Miers of the Natural History Museum) he was self- 
taught; it became the dominant passion of his life. 

He was soon occupied in the measurement and description of the crystals of organic 
substances prepared in the Chemical Laboratory, including Dunstan’s pure aconitine. It 
was not long before he embarked on the specific line of investigation which he pursued 
continuously for the next forty years—the effect produced on crystal form and physical 
properties by the replacement of one element by another in a series of allied compounds. 

According to his own account of this prolonged research, two very important series of 
salts were chosen, the first being the sulphates and selenates of the alkali metals potassium, 
rubidium and cesium, and of ammonium and thallium, all of which crystallise in similar 
(isomorphous) forms; the second series consisted of the double sulphates and selenates 
which the first series form with the sulphates and selenates of magnesium, zinc, iron, 
nickel, cobalt, manganese, copper and cadmium, and which crystallise with six molecules 
of water, forming an isomorphous series. In all, no fewer than 91 salts were studied and 
accurately described in about fifty papers to the Royal and Chemical Societies between 
1890 and 1929. The whole of the crystallographic properties were shown to vary regularly 
with the atomic weight (or atomic number) of the interchangeable elements. The same 
law was also shown to apply to the perchlorates and double chromates of the alkalis, and 
probably to any such series in which the unit cell of the space lattice has nearly the same 
dimensions throughout the series. 

During the earlier years of this research X-ray methods had, of course, not been dis- 
covered, and these dimensions were not at that time capable of direct experimental deter- 
mination. : 

Up to the year 1895 this work was carried out at South Kensington and, to a large extent, 
with apparatus designed by Tutton and constructed for him by Messrs. Troughton and 
Simms. Sir William Abney, then Director of Science in the Department of Science and 
Art, recommended him for one of the newly instituted Inspectorships of Technical Schools, 
to which he was appointed by Mr. (afterwards Sir Arthur) Acland in 1895. In that year 
Tutton, whose parents were living with him, lost his mother; and Sir Edward Thorpe left 


* Reprinted by permission from the Obituary Notices of the Royal Society. 
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South Kensington on his appointment to the Government Laboratory, so the change of 
scene came at an appropriate time, .and Tutton left London to take up his abode in Oxford 
as H.M. Inspector of Technical Schools for that district. 

The hope was expressed by Acland that he would take with him into the schools the 
spirit of research by which he was distinguished, and Tutton lost no time in fitting up for 
himself a private laboratory in his new residence at Bardwell Road, Oxford. 

During his ten years’ residence in Oxford he became attached to New College and took 
the B.Sc. (1895) and D.Sc. (1903) degrees, being one of the first to obtain these degrees by 
thesis under the newly instituted Statutes, and in 1905 he received the M.A. degree by Decree 
of Convocation. 

He was elected a Fellow of the Royal Society in 1899 at the age of thirty-four. In 
1899 his father died, and on June 18th of that year he married Miss Margaret Loat of 
Cumnor Place. 

The remaining three years in Oxford were fully occupied by official work, private 
research, and the social life of the University. 

In 1905 Tutton was transferred by Sir Robert Morant, then Secretary of the Board of 
Education, to the London district, and with his family he took up his abode in Ladbroke 
Square and installed there a new research laboratory in which his scientific work was 
continued with the same assiduity as before. Here he lived for six years. 

During his life in London three of his books were published, namely, ‘‘ Crystalline 
Structure and Chemical Construction ’”’ (Macmillan 1910), “‘ Crystals ’’ (Kegan Paul 1911), 
and ‘‘ Crystallography and Practical Crystal Measurement ’’ (Macmillan 1911). Of the 
last, a new and much enlarged edition in two volumes was published in 1922. This 
important work is a valuable book of reference containing a very complete summary of the 
state of crystallographic knowledge at that date, written in clear and intelligible style with 
numerous illustrations and descriptions of experimental instruments and methods, including 
those designed by himself. 

According to Tutton’s own account, two of the instruments, the interferential dilato- 
meter and elasmometer, for determining the thermal expansion and elasticity constants of 
crystals, by the refined interference method—the unit being the one-eight millionth of 
an inch—suggested an interesting piece of work which Tutton carried out for the Standards 
Department of the Board of Trade. For the Warden of the Standards, Major Percy 
Macmahon, saw that the method of these instruments could readily be applied to the 
comparison of the parliamentary and local government copies of the standard of length 
with the Imperial Standard Yard itself, and Tutton was officially asked by the Board of 
Trade to devise and supervise the construction of an interferential comparator for the 
Standards Department for this investigation. This was successfully carried out during 
the years 1907—09, with the consent of the Board of Education, a room being set apart 
at Old Palace Yard, Westminster, for the instrument and its accessories, and maintained 
at the official temperature of 62° F. by an electrically controlled thermostat. Tutton 
received the cordial thanks of the Board of Trade for this work. He had intended using 
the comparator eventually for the evaluation of the yard in wave-lengths of a standard 
light radiation (that of the red line of the cadmium spectrum), just as Michelson had, by 
another method, done for the French metre at Sévres. But this had to be deferred, as he 
was transferred by Morant in 1911 to the south-western district centred at Plymouth. 

In 1909 Tutton went to Canada with the British Association and delivered one of the 
evening lectures at Winnipeg on ‘“‘ The Seven Styles of Crystal Architecture,” using for 
projecting polarisation effects a pair of large Nicol prisms made by Ahrens which he had 
recently acquired. These he also used with good effect in experimental lectures at the 
Royal Institution and the Royal Society of Arts. 

During his thirteen years as Inspector under the Board of Education in the Plymouth 
district, the Tuttons resided at Yelverton on Dartmoor, and here he was still able to carry 
on his systematic series of researches. 

In 1924 he retired, at the age limit of sixty, from his inspectorship. He was then free 
to devote himself entirely to scientific work, and after the marriage of his eldest daughter 
the family removed to Cambridge, where for the next eight years they inhabited a house in 
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Grange Road; here he installed a new laboratory even better equipped than its predecessors. 
He was invited to give courses of University lectures for the Department of Mineralogy, 
and some of these were delivered in his private laboratory. 

From 1924 onwards Tutton lectured at a number of centres each year in various parts 
of the country for the Gilchrist Educational Trust. He regarded ‘“‘ Ice and Snow ’”’ and 
‘“The Wonders of Alpine Glaciers ’’ as the most popular subjects. These were illustrated 
by lantern slides selected from the many which he had made from the negatives taken 
during his visits to the Alps. Most of his holidays were spent among the Swiss Alps, where 
he combined the study of ice and snow with the pursuit of climbing, both equal pleasures 
to him. 

In 1926 he met with a somewhat serious accident on the Aiguille Gotter. 

In 1926 he received the honorary degree of D.Sc. from the University of Manchester. 

His long series of researches on the sulphates and selenates, which to his great pleasure 
were often called ‘‘ the Tutton salts,’ was brought to a close in 1928 by his Royal Society 
paper on the thallium double salts. . 

In the following year he visited South Africa with the British Association and gave an 
address summarising these researches. 

He was now able to return to the evaluation of the Imperial Yard in wave-lengths of 
light which, by reason of his removal from London, he had been obliged to postpone in 
1911. In the meantime (to quote from Tutton’s own account of this investigation) there 
had been under construction for him at the works of Troughton and Simms a Universal 
Interferometer, which combined a duplicate of the essential interferometric portion of the 
comparator, with improvements suggested by experience at the Standards office, and 
additions fitting it for the measurement of minute distances or small amounts of motion in 
general; for instance, the piezo-electric changes in crystals or the determination of torsion 
in such small bodies as crystals. This instrument—the last made by the old firm of 
Troughton and Simms (before their amalgamation with Cooke)—was completed just before 
Tutton removed to Cambridge and was installed in the new private laboratory there. In 
1930, therefore, with this instrument Tutton determined by actual counting the number of 
interference bands (nearly eleven thousand), corresponding to the one-eighth of an inch, 
as a base line. This being ascertained many times over, the stepping off from this base line, 
by doublings and additions, to the yard was carried out at the Standards Department, on 
the author’s comparator there, as originally intended. 

The final result was communicated to the Royal Society in April, 1931. The accuracy 
of his work was fully confirmed by the determination of this length made at the National 
Physical Laboratory in 1934. 

This work seems to have involved considerable eye-strain and in 1931 the Tuttons left 
Cambridge and, after a year’s continental travel for purposes of health, settled at Dallington 
in Sussex. 

The greater part of his scientific apparatus was purchased by the University of Man- 
chester for the Department of Physics for use in the Sub-Department of Crystallography 
under the charge of Dr. H. E. Buckley. 

In 1937 Tutton was a member of the Delegation from the British Association to the 
jubilee meeting of the Indian Science Congress. 

The enforced retirement from research, which was his passion, and the loss of his 
favourite instruments, caused much regret, but there were compensations, and the last 
seven years of Tutton’s life were very happily passed in a charming house among peaceful 
surroundings and with the companionship of loving relatives. 

His death took place at Dallington on Thursday, July 14th, 1938. His was a life of 
earnest and continuous effort. He had always felt a great pride in his work, and in the 
fact that it was the fruit of his own independent industry, carried out with his own appara- 
tus and by himself alone. If his published writings sometimes suffered from unnecessary 
prolixity, it was because he spared no words or facts in the endeavour to vindicate the com- 
pleteness and accuracy of his work. In all that he did he aimed at a finely finished pro- 
duction. The conscientious craftsman is proud of his work, and Tutton was proud of his 
research. In his work and life he was ad unguem factus homo. 
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He leaves a devoted wife and a family consisting of two sons, Captain John Tutton, R.E., 
and Michael Tutton of the Colonial Office in Tanganyika, and four daughters, the eldest of 
whom, Mary, married Commander C. E. Simms, R.N., whose grandfather was head of the 
firm of Troughton and Simms mentioned above as the makers of Tutton’s best apparatus. 


[The above account was compiled from autobiographical notes left by the late Dr. Tutton.] 





DENNIS TYRRELL. 
1866—1938. 


DENNIS TYRRELL was born in 1866 and received his general education at the Presbyterian 
School, Norwich. On leaving school he studied chemistry under Mr. R. S. Cahill and 
later under Mr. S. Hewett. In 1886 at the age of 20 he entered the service of Messrs. 
Youngs, Crawshay and Youngs, holding for many years the position of Assistant Brewer 
to the late Mr. C. T. Lincoln. The remainder of Tyrrell’s life was passed with this firm, 
afterwards a Company, and for the last 27 years he was their Head Brewer. 

Tyrrell devoted his entire attention to the scientific brewing of beer and stout and 
he lived to see the brewery which he managed for so long completcly installed with up- 
to-date apparatus and plant for the purpose which he had at heart. 

By his death on November 26th, 1938, Messrs. Youngs, Crawshay and Youngs, Ltd., 
lost a most able and faithful servant, and keen regret is felt by the directors, staff and 
employecs. 

Tyrrell was elected a Fellow of the Chemical Society on June 17th, 1903. 

W. A..N. TYRRELL. 





151. The Saponin of Sarcostemma australe, R.Br. 
By JoHNn W. CoRNFORTH and J. CAMPBELL EARL. 


The saponin of Sarcostemma australe, R.Br., is found to be a glucoside of an aglycone 
containing benzoyl and cinnamoyl ester groups. The ultimate hydrolysis product 
(sarcostin) has the composition C,,H;,0,,H,O and is a well-crystallised substance, 
giving a triacetate on acetylation. 


Sarcostemma australe, R.Br., is a latex-bearing plant growing in the arid parts of Australia. 
It was submitted to a preliminary chemical examination by Smith (J. Proc. Roy. Soc. 
N.S.W., 1922, 56, 183) and its reputed toxic properties were investigated by Gilruth and 
Murnane (J. Counc. Sci. Ind. Res., Australia, 1931, 4, 225). The chemical constituents of 
the plant were examined in greater detail by Earl and Doherty (7b7d., 1937, 10,1). Whenan 
evaporated alcoholic extract of the plant was treated with ether, a residue was left which 
had saponin-like properties, and saponification of the ether-soluble material yielded a 
mixture of «- and §-amyrins. The saponin is now being investigated as part of a programme 
of study of the saponins and allied constituents of Australian plants. 

The saponin differs from most saponins in being freely soluble in many organic solvents, 
so that partition methods may be used for its purification. The crude material originally 
isolated had the property of being precipitated as a syrup from its aqueous solutions on 
heating. The principal fraction from the systematic separation had the same property, 
but a further process of treatment removed it. No crystalline substance could be isolated, 
and all the fractions gave an emerald-green colour in the Liebermann—Burchard reaction. 

Hydrolysis of the saponin was effected either with 0-75% methyl-alcoholic hydrogen 
chloride in a sealed tube at 100° or by boiling at atmospheric pressure with dilute aqueous 
alcoholic hydrochloric acid. In each case a brownish, ether-soluble resin was obtained. 
By the first method crystalline «-methylglucoside was isolated also, and the water-soluble 
products from the second method readily gave phenylglucosazone. 

3c 
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The resinous aglycone gave the same Liebermann—Burchard reaction as the saponin, 
but could not be obtained crystalline. It was decomposed by boiling with alcoholic potash 
to give a neutral genin and a mixture of acids identified as benzoic and cinnamic acids. 
The genin crystallised well and gave the characteristic green colour in the Liebermann- 
Burchard reaction. Its composition and properties do not correspond with those of any 
substance previously described, and the name sarcostin is therefore proposed for it. 

As usually obtained, sarcostin contains water of crystallisation, which it loses on drying 
in a vacuum over phosphoric oxide at 100°. Its composition and molecular weight cor- 
respond to the formula C,,H,,0,,H,O and this is confirmed by analysis of the anhydrous 
substance. On acetylation it yields a triacetate, C,,H,9O,, from which the original sarcostin 
is regenerated on saponification. Both sarcostin and acetyl sarcostin were indifferent to 
carbonyl reagents. 

The saponin was evidently a mixture of glucosides, the resinous aglycone being 
apparently a benzoyl cinnamoyl sarcostin, or a mixture of benzoyl and cinnamoyl sarcostins. 
The solubility of the saponin mixture in organic solvents and the fact that glucose and not 
a disaccharide was obtained on hydrolysis with very dilute acid, made it probable that the 
constituents of the mixture contained only one sugar residue per molecule. If the difference 
between the constituents of the mixture rested simply in the number and nature of acyl 
groups present, all the constituents should yield the same sarcostin glucoside on alkaline 
saponification. The saponin mixture was accordingly treated with alcoholic potash, and 
the neutral product acetylated. The resulting acetate gave on analysis results agreeing 
closely with the calculated values for hexa-acetyl sarcostin monoglucoside. 

Quantitative saponifications carried out on the saponin mixture indicated that the 
average number of acyl groups per molecule lay between one and two. Some of the 
saponin fractions prepared by partition methods gave higher values, corresponding to two 
acyl groups. The saponin as a whole appeared therefore to consist mainly of a diacyl 
sarcostin monoglucoside, accompanied by less fully acylated glucosides. The quantity of 
glucose liberated on hydrolysis of the saponin confirmed this view. 

Another point of interest was whether or no, in the case of a diacylated sarcostin 
glucoside, a benzoyl and a cinnamoyl group were attached to the same molecule. The 
substance chosen to determine this point was the resinous aglycone. This was submitted 
to chromatographic adsorption on aluminium oxide, whereby a main fraction was obtained 
of which the composition, saponification value and molecular weight approached fairly 
closely to those of a diacyl sarcostin. That this fraction was an individual substance was 
indicated by the results of a further chromatographic adsorption, which did not reveal the 
presence of more than one zone, and did not change the properties of the product. On 
saponification the purified substance yielded a mixture of benzoic and cinnamic acids in 
equimolecular proportion, just as did the crude aglycone. (A fraction of approximately 
the same composition was obtained from the crude aglycone by another method, and gave 
the same result on saponification.) It would appear therefore that the chief constituent 
of the aglycone is a monobenzoyl monocinnamoyl sarcostin, and that the principal component 
of the saponin mixture may be formulated in the annexed way. 


CO-C,H; 


Cult 0C0 LOGE bs 


An apparent anomaly in the relation between saponin and aglycone lay in the fact that, 
whereas the aglycone consisted almost entirely of diacylated sarcostin, the saponin con- 
tained some lower-acylated sarcostin glucosides, as the saponification values show. The 
explanation probably lies in the fact that sarcostin is sensitive to acids, and its acyl deriv- 
atives are less sensitive. Thus sarcostin glucoside, and possibly its monoacyl derivatives, 
would be transformed under the conditions of hydrolysis into insoluble tarry products. 
Support to this view is given by the fact that at least 10% of black tarry material was 
invariably produced during acid hydrolysis of the saponin. 

Of biogenetic interest is the fact that some of the partly purified saponin and aglycone 
fractions responded weakly to the Legal nitroprusside test. It would seem that a small 
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proportion of a strophanthin-like glycoside is present in the mixture. Atleast one member 
of the natural order Asclepiadace@, to which Sarcostemma australe belongs, has been found 


to contain a cardiac glycoside, viz., Periploca greca. 
Work is now in progress on the fine structure of sarcostin, the results of which it is hoped 


shortly to communicate. 
EXPERIMENTAL. 


Note on Analytical Results —All saponification and acetyl values given here were estimated 
by heating the substance with alcoholic alkali and back-titrating the excess with standard acid. 
The molecular weight determinations were all made by the Sucharda—Bobranski ebullioscopic 
method. 

In the combustion of amorphous substances, the carbon values were invariably too low, 
and the hydrogen too high. The slightly hygroscopic nature of many of the resinous substances 
described below, and the great tenacity with which all of them retained occluded impurities 
(especially water), made correct analytical figures exceedingly difficult to obtain. 

Extraction of the Plant.—The method devised by Earl and Doherty (loc. cit.) is thorough, 
but needed modification for larger quantities of the plant. The ground dry stems were steeped 
in alcohol for 24 hours at room temperature. The solvent was then drawn off and evaporated 
under reduced pressure. The plant material was again steeped in alcohol, the distillate from 
the first evaporation being used for the purpose. After 12 hours the process of drawing off and 
evaporating the alcohol was repeated. The almost exhausted plant material was again kept 
in contact with the recovered solvent, which was then used without distillation to extract a 
fresh charge of plant. For a charge of 8 kg. of plant, about 50—60 1. of alcohol were required. 
The residue from evaporation of the solvent was a thick syrup. 

Isolation of the Crude Saponin.—The syrup was kneaded with successive quantities of ether, 
until the residue became solid and broke up into small particles. After standing for a short time 
under ether, the solid was filtered off as rapidly as possible, and immediately washed by decan- 
tation with a further quantity of ether. If the solid at this stage was allowed to remain in con- 
tact with the atmosphere, it became sticky and difficult to manipulate. Finally the solid was 
heated to remove occluded solvent. The yield of crude saponin was about 2:5% of the weight 
of plant material. It formed a light brown, amorphous powder, easily soluble in water to a 
strongly frothing solution, which on heating deposited the saponin as a syrup. 

Partition Experiments.—Two successive processes were used to free the saponin on the one 
hand from sugars and inorganic impurities, and on the other hand from such fatty material as 
might have escaped the treatment with ether. 

(i) The crude saponin was dissolved in about five times its weight of chloroform, and the 
solution shaken to an emulsion with half its volume of water. Alcohol was now added until 
the mixture separated fairly rapidly into two layers after shaking. The lower layer was separ- 
ated and again shaken with water and sufficient alcohol to avoid emulsification. Finally it 
was again separated and evaporated, the residue being heated on the water-bath until free from 
solvent. The material thus obtained amounted to 90% of the weight of crude saponin. The 
aqueous-alcoholic washings on evaporation gave a dark hygroscopic syrup, which strongly 
reduced Fehling’s solution and gave a positive osazone test. The main product of the par- 
tition (fraction A) was a yellowish powder, soluble in many organic solvents, including alcohol, 
ethyl acetate, dioxan, chloroform and acetone. Its solution in water behaved on heating in 
the same way as that of the crude saponin, but did not reduce Fehling’s solution, showing that 
sugars were now absent. 

(ii) The above product was now dissolved in three times its weight of alcohol, and an equal 
volume of benzene added. An amount of water slightly less than that of the benzene was 
introduced, and the mixture shaken and allowed to settle. The two layers were separated, and 
each was washed with fresh quantities of the complementary solvent. Each layer was evapor- 
ated separately, 85% of the material being found in the aqueous-alcoholic layer. In order to 
remove the last traces of benzene-soluble substances, this product was boiled with successive 
quantities of benzene, allowed to cool, and the solvent decanted or if necessary centrifuged off. 
The residue was freed from benzene by heating under reduced pressure on the water-bath. It 
then formed a pale yellow powder, and was entirely free from ash (Found: C, 61-0; H, 7-5%). 
This product (fraction B) was used for most of the degradations reported below. Its solubilities 
resembled those of fraction A. The benzene and benzene-alcohol solutions from the above 
operations yielded on evaporation a product which still contained a saponin, but was insoluble 
in water (Found: C, 66-8; H, 8-5%). 
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Fraction B was dissolved in water and shaken with ethyl acetate to an emulsion. The emul- 
sion was allowed to settle for several days; the lower layer was then separated, and shaken 
with fresh ethyl acetate. The combined ethyl acetate extracts gave on evaporation a product 
(fraction C) richer in carbon than fraction B (Found: C, 61-9; H, 7:7%), and only sparingly 
soluble in water. The extracted aqueous solution yielded a product which dissolved in water 
to a solution not coagulated by heat. The amount of fraction C obtained was nearly half the 
weight of fraction B used. 

All the saponin fractions obtained by the above processes gave a deep green colour when 
their solutions in acetic anhydride were treated with a little sulphuric acid. 

Saponification of the Saponin.—The saponin (fraction B; 25 g.) was boiled with n/2-alcoholic 
potash (250 ml.) for 3 hours. The solution was neutralised to phenolphthalein, and the alcohol 
removed in a current of steam. The aqueous solution was shaken cautiously with three por- 
tions of ether, then evaporated almost to dryness on the water-bath. The residue was extracted 
several times with warm absolute alcohol. On evaporation of the alcoholic solution a brown 
resin remained which gave a strongly frothing solution in water, and an olive-green Liebermann- 
Burchard reaction. On hydrolysis with warm, very dilute hydrochlcric acid, sarcostin was 
formed. It was difficult to free the resin from the last traces of inorganic material, so for 
analytical purposes an acetyl derivative was prepared. The product (3 g.) was dissolved in 
anhydrous pyridine (20 ml.), and acetic anhydride (10 ml.) added. After standing overnight, 
the solution was poured into water and the creamy solid (4-2 g.) was collected, dried, and dis- 
solved in hot benzene. The filtered solution was evaporated, leaving a brownish resin soluble 
in most organic solvents, but showing no tendency to crystallise. After drying at 100° in a 
vacuum it was analysed (Found: C, 57-6; H, 7-3; OAc, 44:3. Sarcostin glucoside hexa-acetate, 
C35H;,0,7, requires C, 58-8; H, 7-1; OAc, 44:5%). 

The saponification values of fractions B and C were found to be 108 and 146 respectively. 
The calculated value for a diacyl sarcostin monoglucoside is 144, and for a monoacy] sarcostin 
monoglucoside, 85. 

Hydrolysis of the Saponin.—(i) With methyl-alcoholic hydrogen chloride. The saponin 
(fraction B; 5g.) was dissolved in methanol (50 ml.) containing 0-75% of dry hydrogen chloride, 
and the solution heated at 100° for 12 hours in a sealed tube. The solution was freed from 
mineral acid by shaking with a little silver carbonate, filtered, and heated on the water-bath 
until the alcohol was removed, water being added from time to time to replace it. The whole 
was then shaken with ether, a quantity of black tarry material (0-5 g.) remaining undissolved. 
The aqueous layer was evaporated, leaving a dark syrup which presently crystallised. The 
crystals were pressed on a tile and recrystallised from alcohol (charcoal). After a second 
crystallisation lustrous needles were obtained, m. p. 164—165° alone or in admixture with 
authentic a-methylglucoside. 

The orange ethereal extract was shaken with dilute sodium carbonate solution, which 
removed a small amount of resinous acidic material, then dried (sodium sulphate), and 
evaporated. The crude resinous aglycone which remained weighed 2-1 g. 

(ii) With aqueous-alcoholic hydrochloric acid. The saponin (fraction B; 10 g.) was dissolved 
in 1: 1 aqueous alcohol (300 ml.), and concentrated hydrochloric acid added until the solution 
contained about 0-75% of hydrogen chloride. The mixture was boiled for 6 hours, the alcohol 
then removed in a current of steam, and the aglycone worked up with ether as described above. 
The yield of crude aglycone was 4-5 g., and of insoluble tar about 1 g. From the aqueous solu- 
tion after removal of ether-soluble material, phenyl-d-glucosazone was obtained in the usual! 
way, and identified by comparison with a specimen prepared from pure glucose. 

In this method of hydrolysis the concentration of acid was varied between 0-5% and 2-5%, 
and the time of heating between 6 and 14 hours, without altering the nature of the product 
obtained. It was observed, however, that higher acid concentration and longer time of heating 
diminished the yield of aglycone, more tar being formed. 

Sugar Content of the Saponin.—The following was a typical experiment: The saponin 
(fraction B; 3-213 g.) was heated with a mixture of 5% sulphuric acid (50 ml.) and absolute 
alcohol (50 ml.) for 6 hours on the water-bath. The solution was poured into a basin and heated 
on the water-bath, with occasional addition of water, until all alcohol was expelled. The 
aqueous solution was shaken thrice with ether, warmed to expel dissolved ether, and treated 
with a slight excess of barium carbonate. The precipitate was filtered off and repeatedly 
extracted with small quantities of hot alcohol. The combined filtrate and washings were evapor- 
ated to small bulk and made up to 100 ml. The sugar content of this solution was estimated 
by titration with Fehling’s solution (Found : glucose, 0-76 g., i.e., 23-7%. Calc. for a diacyl 
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sarcostin monoglucoside, 23-1%; calc. for a monoacyl sarcostin monoglucoside, 27-2%). In 
other experiments the concentration of glucose was checked by polarimetric measurements, 
which were in close agreement with the titration values. 

Attempted Purification of the Aglycone.—(i) The crude aglycone (2 g.) was dissolved in hot 
benzene, and light petroleum added until a permanent turbidity appeared. On standing for a 
short time at 0° a resin separated (0-6 g.). After drying at 100°, it was analysed (Found : 
C, 70-8, 70-9; H, 7-5, 7-5%). 

(ii) The crude aglycone (4 g.) was extracted (Soxhlet) for several days with light petroleum 
(b. p. 60—80°). The light yellow product (2 g.) which separated gradually from the boiling 
solvent was collected and dried at 100° ina vacuum [Found : C, 71-0; H, 7-45% ; M (in benzene), 
605). 
(iii) The crude aglycone (5 g.), dissolved in benzene—chloroform (3:1; 60 ml.), was poured 
on a column of activated alumina (Merck; nach Brockmann), and the chromatogram developed 
with benzene—chloroform (2:1). The main product (2-1 g.) was found in a broad, nearly colour- 
less zone near the top of the column. A second zone immediately below yielded 0-8 g. of slightly 
darker product. The main product was again chromatographed, the same procedure being 
used. One broad zone was formed, with very small rings of darker material above and below 
it. The product recovered from the column was almost white. It was dried at 100° in a vacuum 
for analysis [Found : C, 71-1; H, 7-3; saponification value, 177; M (in benzene), 603. Mono- 
benzoyl monocinnamoyl sarcostin, C,,H3,0,(0*CO-C,H;)(O-CO-C,H,), requires C, 72-0; H, 7-2%; 
saponification value, 182; M, 616). 

Saponification of the Aglycone-—This was accomplished by heating the aglycone with an 
excess of alcoholic alkali (j/2—n/5) for 2 hours on the water-bath. Water was then added, 
and the alcohol removed in a current of steam. The alkaline solution was shaken with a little 
ether, and allowed to stand for a time. Crude sarcostin crystallised and after some hours was 
filtered off and washed with water. The filtrate was extracted with ether in a continuous 
extraction apparatus for several days; further quantities of crystalline sarcostin separated 
from the boiling ether. - From 50 g. of crude aglycone, 13—14 g. of crystalline product were 
obtained, along with 7—8 g. of resinous ether-soluble material. The aglycone purified by 
chromatographic analysis gave no resinous material on saponification. 

Properties of Sarcostin.—The substance crystallised from ethyl acetate in highly character- 
istic, colourless, triclinic prisms, m. p. 266—267° after preliminary sintering. The crystals 
contained water of hydration, and sometimes melted when heated quickly to 170°, solidifying 
once more when the water was expelled [Found for air-dried material: C, 62-8, 62-9; H, 8-9, 
8-9; loss at 100° over phosphoric oxide in a vacuum, 4-9; M (in ethyl alcohol), 393, 394, 412. 
C,,H,,0,,H,O requires C, 63-0; H, 9-0; H,O, 4.5%; M, 400. Found for anhydrous material : 
C, 65-9; H, 9-0; M (in ethyl alcohol), 384, 370. Calc. for C,,H,;,0,: C, 66-0; H, 89%; M, 
382]. Sarcostin is moderately easily soluble in alcohol and pyridine, slightly in water and ether 
and hot ethyl acetate, and sparingly in most other solvents. In concentrated hydrochloric 
acid it dissolves on shaking to a deep blue-violet solution, from which resinous material 
presently separates. Sarcostin was also found to be resinified by heating with dilute mineral 
acids. j 

Sarcostin Triacetate.—Sarcostin monohydrate (1-8 g.) was dissolved in dry pyridine (7 ml.) 
and acetic anhydride (2-5 ml.). After several hours, the solution was poured into water and 
extracted with ether. The ethereal layer was washed with dilute hydrochloric acid, sodium 
carbonate solution, and water, dried (sodium sulphate), and evaporated. The residue was a 
colourless resin. On saponification with alcoholic alkali pure sarcostin was regenerated. For 
analysis, the triacetate was dried at 100° in a vacuum [Found: C, 63-6; H, 8-2; OAc, 33-0; 
M (in benzene), 500. C,,H,,0,(O0°-CO-CH,), requires C, 63-8; H, 7-9; OAc, 34:8%; M, 508]. 

Identification of Benzoic and Cinnamic Acids.—The alkaline solution from the saponification 
of the aglycone, after the ether extraction, was made acid to Congo-red and extracted with ether. 
The dried ethereal extract yielded on evaporation a crystalline product, m. p. 70—80°. Samples 
from various aglycone fractions gave on titration with alkali equivalents ranging from 135 to 
138 (Calc. for an equimolecular mixture of benzoic and cinnamic acids: equiv., 135). To 
identify the acids the crude product was esterified with alcoholic hydrogen chloride, and the 
product fractionally distilled under reduced pressure. Two fractions were obtained, which 
were separately saponified. -The higher-boiling fraction yielded an acid which after two 
crystallisations from water melted at 133° alone or mixed with cinnamic acid. The acid from 
the lower-boiling fraction was also crystallised from water, and then melted at 118—120°. The 
m. p. was not depressed by benzoic acid, but the product evidently contained traces of cinnamic 
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acid, which were difficult to remove by crystallisation. The acid was therefore converted into 
the anilide, which was easily purified by crystallisation from alcohol and proved to be benzanilide 
by comparison with an authentic specimen. 


The authors wish to extend their thanks to Miss D. M. Little, B.Sc., for some analyses, to the 
University of Sydney for a Science Research Scholarship awarded to one of them (J. W.C.), and 
to Messrs. F. H. Faulding and Co., Ltd., who kindly undertook the grinding of the plant material. 
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152. The Systems Sodium Chloride—Butyric Acid—Water, Sodium 
Chloride-isoButyric Acid—Water, and Potassium isoButyrate—iso- 
Butyric Acid—Water at 25°. 


By C. R. Bury and J. RAYMOND MENDs. 


For comparison with previous work on the system sodium butyrate—butyric acid— 
water (Bury and Owens, Trans. Faraday Soc., 1935, 31, 480), the systems named in the 
title have been examined. Sodium butyrate and potassium isobutyrate are ab- 
normal in their influence on the critical solution point and the mutual solubility of 
acid and water. Analogous phenomena are quoted, and the cause briefly discussed. 


AN investigation of the system sodium hydroxide—butyric acid—water at 25° (Bury and 
Owens, Joc. cit.) has shown that no separation into two layers occurs even when the solution 
is saturated with sodium butyrate, 7.¢., addition of 1-95 mols. of sodium butyrate per 1000 g. 
of a mixture of butyric acid and water of the critical composition does not raise the critical 
solution temperature from — 3° to 25°. In view of what is known of the influence of salts 
on a critical solution point, this seemed remarkable, and we have therefore examined the 
system sodium chloride—butyric acid—water. Sodium chloride behaves in the normal 
manner: only 0-22 mol. per 1000 g. of a critical solution mixture is necessary to raise the 
critical solution point to 25°. For the sake of comparison we have examined the influence 
of sodium chloride and potassium isobutyrate on mixtures of isobutyric acid and water. 


EXPERIMENTAL. 


Suitable mixtures were shaken in hard-glass vessels until analysis showed that equilibrium 
was established. Butyric or isobutyric acid was determined by titration, and potassium 
isobutyrate by conversion into potassium chloride. All results given in the tables are the 
mean of two concordant determinations. 


System: Butyric Acid—Sodium Chloride—Water. 
(1) Solutions in equilibrium with solid sodium chloride. 
Solution. Moist solid. Solution. Moist solid. Solution. Moist solid. 
C,H,O,, NaCl, C,H,O,, NaCl, C,H,O,, NaCl, C,H,O, NaCl, C,H,O,, NaCl, C,H,0,, NaCl, 
%. % % %, ee, 4 . -- * % %, . ee 


o /o* o ° ° 


0 26-45 — — 1-47 25-68 0-21 87-16 94-06 0-06 — — 
0-22 26-30 0-25 91-50 89-25 0-12 0-29 94-94 97-44 0-03 0-21 97-09 
0-68 26-05 0-50 89-24 90:37 0-11 0-25 96-55 99-98 0-02 —_— _ 
1:30 25-76 —_ _ 93:27 0-07 0-19 97-49 


(2) Two-layer mixtures. 
Upper layer. Lower layer. Upper layer. Lower layer. Upper layer. Lower layer. 
C,H,0,, NaCl, C,H,O,, NaCl, C,H,O,, NaCl, C,H,O,, NaCl, C,H,0,, NaCl, C,H,0,, NaCl, 
%. %. %. %. %. %. %. %. %. %. %. %. 
88-12 0-31 ° 25-48* 67-79 0-90 8-08 8-89 41-50 1-49 27-10 2-26 
85-65 0- . 21-15 64-08 0-95 11-50 5-92 40-19 1-56 28-47 2-20 
79-52 0- . 17-48 60-42 0-97 12-62 . 38-73 1-58 28-90 2-20 
76-38 0- ° 14-05 50-78 1-35 18-64 : 38-20 1-58 29-11 2-19 
73-30 0- , 12-36 44:78 1-42 22-76 36-50 1-69 31-75 = 2-07 
70-20 0- . 10-15 42-31 1-45 26-24 34-86 1-90 32-70 2-00 
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System: isoButyric Acid—Sodium Chloride—Water. 
(1) Solutions in equilibrium with solid sodium chloride. 
Solution. Moist solid. Solution. Moist solid. 

iso-CgH,O,, NaCl, iso-CgH,O,, NaCl, iso-C,H,Oz, NaCl, iso-CgH,O,, NaCl, 

%- %- %- %- 0: %- %- %- 
26-45 _- aa 95-53 0-06 6-35 91-61 
0-24 26-31 0-06 94-32 96-24 0-04 721 92-40 
0-73 26-11 0-09 90-90 98-24 0-03 6-91 93-47 

1:17 25-88 0-51 86-85 99-99 0-01 — — 


(2) Two-layer mixtures. 
Upper layer. Lower layer. Upper layer. Lower layer. 
iso-C,H,O,, NaCl,  iso-C,H,O,, NaCl, iso-C,H,O,, NaCl, iso-C,H,0,, NaCl, 
%- %o- Yo: %- %- %- %- %o- 
94-78 0-14 1-40 25-77* 82-9 0-12 8-32 6-82 
1-80 23-75 78-40 0-11 10-80 3-95 
94-13 0-14 2-43 20-88 74-11 0-10 12-85 2-33 
2-55 20-40 69-34 0-10 15-80 1-25 
2-95 18-50 58-74 0-06 19-05 0-60 
90-10 0-14 3-67 15-54 57-26 0-00 24-10 0-00 
4-40 13-50 
86-86 0-14 5-59 10-63 
7-10 9-15 
System: isoButyric Acid—Potassium isoButyrate—Water. 
Upper layer. Lower layer. Upper layer. Lower layer. 
i-C,H 802 1-C,H ,0,K, i-C,H 202 i-C,H 70,K, i-C,H 802, i-C,H 702K, i-C,H 8Or, i-C,H 70,K, 
%. %. %. %. %. %. %. %. 
57-26 0 24-10 0 51-20 0-20 30-17 0-32 
57-08 0-02 24-23 0-09 49-81 0-23 30-99 0-33 
56-90 0-05 25-09 0-18 49-00 0-24 31-21 0-34 
55-54 0-08 26-43 0-23 47-91 0-26 31-80 0-34 
54-76 0-10 27-14 0-25 46-89 0-28 32-56 0-34 
53-81 0-13 27-72 0-27 45-72 0-29 34-02 0-35 
53-17 0-16 28-00 0-28 44-54 0-30 35-21 0-36 


52-50 0-18 29-03 0-29 43-48 0-32 37-62 0-36 
51-72 0-19 29-69 0-30 42-00 0-34 39-57 0-37 
61-11 0-20 30-08 0-32 


* Triple point : Water-rich solution—acid-rich solution-sodium chloride. 


DISCUSSION. 


The chief difference between the systems butyric acid—water and tsobutyric acid—water 
is that in the first the critical solution point lies below the experimental temperature, and in 
the second case above it. In both cases the action of sodium chloride is normal : addition 
renders acid and water less soluble in each other and raises the critical point. Potassium 
isobutyrate is, on the other hand, abnormal; its addition causes acid and water to be more 
miscible in each other. Similarly, benzoic acid is ‘‘ salted-in ’’ by sodium benzoate, whereas 
normal salts such as sodium chloride exercise the normal salting-out effect (Larsson, Z. 
physikal. Chem., 1927, 127, 233; Kolthoff and Bosch, J. Physical Chem., 1932, 36, 1685), 
and analogous phenomena are shown by the mandelates (Ross and Morrison, J., 1933, 
1016; 1936, 867; Ross, Morrison, and Johnstone, J., 1937, 608; 1938, 264). To explain 
these results, the formation of a complex ion between a molecule of a carboxylic acid and its 
negative ion [R°CO,H,R-COO]- has been suggested, and is supported by the frequency 
with which solid compounds of the type R-CO,H,R-CO,M, ¢.g., the acid soaps, separate out. 
It must, however, be remembered that no proof of the existence of such complex ions in 
solution has yet been obtained. The increase of solubility of tsobutyric acid in water on the 
addition of potassium isobutyrate is much greater than would be expected on this hypothe- 
sis; for every molecule of potassium isobutyrate added about eight molecules of isobutyric 
acid enter the water layer (in the limiting case for small additions of potassium isobutyrate). 
Lastly, the salting-in effect, though abnormal, is not rare, and frequently occurs where 
complex formation is improbable (Thorin, Z. phystkal. Chem., 1915, 89, 688; Euler and 
Svanberg, Z. Elektrochem., 1917, 23, 192; Schryver, Proc. Roy. Soc., 1910, B, 83, 96; 
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Kruyt and Robinson, Proc. K. Akad. Wetensch. Amsterdam, 1926, 29, 1244; see aiso 
Lester Smith, J. Physical Chem., 1932, 36, 1401, 1672, 2455; Hartley, J., 1938, 1968 ; Law- 
rence, Trans. Faraday Soc., 1927, 325). In the present state of our knowledge, it would 
appear more probable that the solvent properties of the water are sufficiently modified by 
the large organic anions to hide the normal salting-out effect (Kruyt and Robinson, Joc. 
cit.). 


Our thanks are due to the Chemical Society for a grant for the purchase of materials. 
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153. The Constitution of Arabic Acid. Part I. The Isolation 
of 3-d-Galactosido-l-arabinose. 


By F. SMITH. 


Autohydrolysis of arabic acid yields a mixture of sugars and degraded arabic acid 
in approximately equal quantities. The mixture of sugars consists of /-arabinose, 
l-rhamnose, and a disaccharide, 3-d-galactopyranosido-/-arabinose, the structure of 
which is proved. This is apparently the first case in which a disaccharide with a 
1 : 3-biose link has been obtained from natural sources. According to the conditions 
of methylation employed, this disaccharide can be obtained as heptamethyl 3-d-galacto- 
pyvanosido-l-avabopyranose (I) or heptamethyl 3-d-galactopyranosido-l-arabofuranose 
(VI). These two heptamethyl derivatives yield on hydrolysis 2 : 4-dimethyl methyl- 
l-arabinoside (II) and 2: 5-dimethyl methyl-/-arabinoside (VII) respectively, deriva- 
tives of which have been prepared and their structures determined. 3-$-d-Galacto- 
pyranosido-l-arabinose has been prepared from lactose and subjected to methylation, 
giving the corresponding heptamethyl derivative, which furnishes on hydrolysis 2:3 : 4 : 6- 
tetramethyl galactose and 2 : 4-dimethyl d-avabinose (XIII). A comparison of the deri- 
vatives of the latter with those of 2 : 4-dimethyl /-arabinose proves that the structure 
assigned to (II) is correct. It is suggested that in arabic acid the disaccharide is 
attached to the rest of the molecule as 3-d-galactopyranosido-l-arabofuranose (IX) 
through a link involving position 1 of the /-arabofuranose residue. 


POLYSACCHARIDES which exist in pneumococcus capsular material yield on hydrolysis 
aldobionic acids (Heidelberger and Goebel, J. Biol. Chem., 1927, 74, 613, 619) and further- 
more a polysaccharide acid obtained from gum arabic by acid degradation was shown to 
give a precipitin reaction with Types ITI and III antipneumococcus serum comparable with 
the bacteriological soluble specific substances themselves (Heidelberger, Avery, and Goebel, 
J. Exp. Med., 1929, 49, 847). It will be seen therefore that any evidence which can be 
obtained concerning the structure of arabic acid will be of assistance in the study of the 
much rarer specific polysaccharides which play such an important réle in immunological 
reactions. 

Arabic acid yields on acid hydrolysis an aldobionic acid the constitution of which has 
been shown to be 6-8-d-glucuronosido-d-galactose (Haworth, Hirst, and Challinor, J., 1931, 
258), a conclusion which has been verified by Hotchkiss and Goebel, who synthesised this 
compound (J. Amer. Chem. Soc., 1936, 58, 858; J. Biol. Chem., 1936, 115, 285). That 
l-arabinose is one of the products of hydrolysis of arabic acid has long been known 
(Scheibler, Ber., 1873, 6, 614; O’Sullivan, J., 1884, 45, 41), and there is evidence to indicate 
that rhamnose also is produced (Butler and Cretcher, J. Amer. Chem. Soc., 1929, 51, 519). 
Kiliani (Ber., 1880, 18, 2304; 1882, 15, 34) and Claesson (Ber., 1881, 14, 1270), working 
independently, isolated as a hydrolysis product of gum arabic another sugar which had the 
properties of galactose. The presence of the latter was confirmed by O’Sullivan (loc. cit.) 
and later by Butler and Cretcher (loc. cit.). Gum arabic is the salt of an organic acid, 
arabic acid, with metals such as calcium, magnesium, and potassium (Neubauer, J. #r. 
Chem., 1854, 62, 193). The free acid is obtained by the addition of a slight excess of 
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mineral acid to a solution of the gum in cold water, and when the aqueous acid solution is 
poured into alcohol the arabic acid is obtained as an amorphous powder. 

When a solution of arabic acid in 0-1Nn-sulphuric acid is heated, hydrolysis takes place 
with the formation of a mixture of sugars (from which /-arabinose is readily isolated ; 
Carrington, Haworth, and Hirst, J., 1934, 1653) and a degraded arabic acid in approxi- 
mately equal proportion. Further degradation takes place if the heating is prolonged, or 
if a more concentrated acid is employed, and eventually aldobionic acid is obtained (Butler 
and Cretcher, Joc. cit.). The aldobionic acid is somewhat resistant to hydrolytic agents, 
but more drastic treatment yields finally glucuronic acid (Neumann, Biochem. Z., 1931, 
236, 90). Degraded arabic acids have been described by O’Sullivan (loc. cit.), but the method 
of preparation used was such that the presence of acids of quite small molecular size could 
not be avoided. An aqueous solution of arabic acid (c, 10-0) has, however, a pg of 2-2 and it 
was found that hydrolysis of the arabic acid could be smoothly effected by simply heating an 
aqueous solution, and as far as can be ascertained there is produced the same mixture of 
sugars and the same degraded arabic acid as obtained by hydrolysing arabic acid with 
0-1n-sulphuric acid. This autohydrolysis proceeds more slowly than the hydrolysis of 
arabic acid with 0-01N-sulphuric acid, but its advantage lies in the fact that the process is 
easily reproducible. It will be seen therefore that it is very important to avoid the appli- 
cation of heat in the preparation of the free polysaccharide acid, arabic acid, otherwise 
partial hydrolysis willensue. Similar precautions should be exercised when other gum acids 
are being prepared by a similar method, especially those which contain labile sugar residues 
(compare O’Sullivan, loc. cit.; Norman, Biochem. J., 1929, 23, 529). 

The present paper is concerned with the nature of the sugars produced in the auto- 
hydrolysis of arabic acid. The degraded arabic acid will form the subject of a subsequent 
communication. 

In view of the difficulty experienced in attempting to characterise sugars by means of 
osazones, which tend to form anhydro-compounds, it was decided to identify the sugars by 
the preparation of well-defined crystalline methyl derivatives. Accordingly, the mixture 
of sugars was methylated first with methyl sulphate and sodium hydroxide solution and 
subsequently with Purdie’s reagents. The methylated syrup thus produced yielded, on 
distillation, 2:3:4-trimethyl methyl-l-arabopyranoside, 2:3: 4-trimethyl methyl-/- 
rhamnopyranoside, and a methylated disaccharide (I). The presence of the arabinose and 
rhamnose residues in arabic acid was proved by hydrolysis of the methyl derivatives to give 
2:3:4+trimethyl /-arabinose and 2:3: 4-trimethyl /-rhamnose. These in turn were 
oxidised to the corresponding lactones and the latter were converted into the known 
phenylhydrazides of 2 : 3 : 4-trimethyl /-arabonic acid and 2: 3 : 4-trimethy] /-rhamnonic 
acid respectively. The arabinose residue was also identified by the preparation of 2 : 3 : 4- 
trimethyl] /-arabonamide. 

The methylated disaccharide proved to be heptamethyl 3-d-galactopyranosido-l-arabo- 
pyranose (I). It was obtained as a crystalline substance (m. p. 82°) and in view of its rather 
high positive rotation (+ 162°) the biose link may be of the a-type. When boiled with 
methyl-alcoholic hydrogen chloride, (I) yielded an equimolecular mixture of 2:3: 4: 6- 
tetramethyl methylgalactopyranoside and a dimethyl methyl-/-arabopyranoside (II). 
Acid hydrolysis of this mixture of glycosides gave the corresponding mixture of free sugars, 
which was subjected to methylation with Purdie’s reagents and there was obtained crystal- 
line 2: 3: 4: 6-tetramethyl 6-methylgalactopyranoside (identified by comparison with an 
authentic specimen) and 2:3: 4-trimethyl methyl-/-arabopyranoside (III). The latter 
was characterised by the isolation of 2: 3 : 4-trimethyl /-arabonic acid phenylhydrazide, 
and the presence of a 2 : 3 : 4: 6-tetramethyl galactose residue was confirmed by conversion 
into the corresponding anilide. Since the latter could be obtained from the mixture of 
reducing methylated sugars before methylation with Purdie’s reagents, it was evident that 
the methylated disaccharide consisted of a molecule of 2: 3:4: 6-tetramethyl galactose 
joined through its reducing group to a molecule of dimethyl /-arabinose. 

The mixture of methylglycosides derived from (I) could not be resolved into its con- 
stituents by fractional distillation, and the corresponding reducing methylated sugars also 
formed a constant-boiling mixture. The free sugars could be separated to a great extent 
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by taking advantage of the ready formation of 2:3:4:6-tetramethyl galactose anilide. 
Bromine oxidation of the mixture of sugars at room temperature proved, however, to be 
a better method, for the reason that the dimethyl /-arabinose readily formed a dimethyl 
l-arabonolactone (IV) while, under the conditions employed, the tetramethyl galactose 
remained unchanged. The rapid mutarotation of the lactone (IV) in water indicated that 
it belonged to the 8-series and hence suggested the presence of a free hydroxyl group in 
position 5 and a methoxyl in position 4. On treatment with ammonia, the lactone yielded 
a dimethyl \-arabonamide which gave a negative Weerman reaction (Rec. Trav. chim., 1917, 
36, 16), thus establishing the presence of a methoxyl group in position 2. The dimethyl 
l-arabinose is therefore to be designated 2 : 4-dimethyl /-arabinose and it follows that the 
biose link of the disaccharide (I) engages C, of the galactose residue and C, of the /-arabinose 
residue. The disposition of the two methyl residues in the arabinose moiety was confirmed 
by subjecting the 2 : 4-dimethyl /-arabinose to oxidation with nitric acid; there was then 
obtained $-hydroxy-«y-dimethoxy-/-araboglutaric acid (V). The latter was transformed 
into the corresponding diamide, which gave a negative Weerman reaction, showing that 
both carbon atoms 2 and 4 adjacent to the amide groups carry methoxyl residues. 
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When the mixture of sugars obtained by autohydrolysis of arabic acid was treated first 
with cold methyl-alcoholic hydrogen chloride and then with methyl sulphate and sodium 
hydroxide solution, the methylated disaccharide was obtained as a methylfuranoside (VI), 
because on hydrolysis it yielded 2:3:4:6-tetramethyl methylgalactoside and 2: 5- 
dimethyl methyl-/-arabinoside (VII). When oxidised with bromine, the dimethyl-/- 
arabinose derived from the latter gave rise to a dimethyl /-arabonolactone (VIII), which 
underwent slow mutarotation in aqueous solution, indicating the presence of a y-lactone 
ring and therefore the presence in the original sugar of a free hydroxyl group in position 4. 
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Moreover, the lactone (VIII) readily yielded the characteristic 2:3: 5-trimethyl +-/- 
arabonolactone on treatment with silver oxide and methyl iodide. When allowed to react 
with ammonia, (VIII) furnished a dimethyl /-arabonamide which gave a negative Weerman 
reaction, thus proving that a methoxy] residue was attached at position 2. It is clear there- 
fore that the methyl groups occupy the positions 2 and 5 or 2 and 3. It has been shown 
that direct methylation of the disaccharide with methyl sulphate and sodium hydroxide 
yields a crystalline heptamethyl derivative (I) in which the biose link engages position 3 of 
the /-arabinose residue and hence the methyl groups in the dimethyl 1-arabinose now under 
discussion can only be in the positions 2 and 5. Moreover 2 : 3-dimethyl /-arabinose has 
been prepared (following paper) and an examination of its derivatives shows that it is quite 
different from the 2 : 4-dimethyl and the 2 : 5-dimethyl /-arabinose mentioned above. 

In order to confirm the above results, lactose (X) was degraded by Wohl’s method 
(Zemplén, Ber., 1926, 59, 2405) to 3-8-d-galactopyranosido-d-arabopyranose (XI) and the 
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latter was methylated with methyl sulphate and sodium hydroxide. There was thus pro- 
duced the heptamethyl derivative (XII), which yielded on hydrolysis an equimolecular 
constant-boiling mixture of 2 : 3 : 4 : 6-tetramethyl galactose and 2 : 4-dimethyl d-arabinose 
(XIII). The mixture was resolved into its constituents by fractional crystallisation of the 
anilides. Oxidation of (XIII) with bromine furnished 2: 4-dimethyl 8-d-arabonolactone 
(XIV), which on further oxidation gave §-hydroxy-wy-dimethoxy-d-araboglutaric acid 
(XV). The crystalline amides of (XIV) and (XV) proved to be the enantiomorphs of the 
amides derived from (IV) and (V) respectively. 

_ These facts show clearly that the disaccharide produced by mild acid or autohydrolysis 
of arabic acid is 3-d-galactopyranosido-/-arabinose, and since the latter is removed so easily 
from the basic nucleus of the polysaccharide acid, it is probably attached as 3-d-galactopy- 
ranosido-/-arabofuranose as shown in (IX). 


EXPERIMENTAL. 


Preparation of Arabic Acid from Gum Arabic.—The gum (500 g.) was dissolved in cold water 
(3 1.) and treated with a slight excess of dilute hydrochloric acid (tested with Congo paper). 
The mixture was poured slowly into alcohol (9 1.) and the curdy white precipitate was filtered 
off and pressed to remove most of the solvent. After three such treatments the arabic acid was 
free from inorganic salts. Mineral acid was then removed by reprecipitation of the material 
from an aqueous solution by addition of alcohol. The white amorphous product was washed 
with alcohol and ether and dried in a vacuum (yield, 400 g.). It was non-reducing and showed 
bu 2-2 (10% solution); [a]? — 28° in water (c, 2-0), equiv. 1400 (determined by direct 








748 Smith: The Constitution of Arabic Acid. Part I. 


titration with alkali). After drying in a vacuum at 110° for 20 hours, the material had 
[o}?°" — 30° in water (c, 1-0), equiv. ca. 1300, iodine number ca. 2-0. 

Hydrolysis of Arabic Acid.—(a) With 0-0ln-sulphuric acid. Arabic acid (100 g.) was dis- 
solved in 0-0ln-sulphuric acid (1000 c.c.) and heated on a boiling water-bath until the specific 
rotation became constant: [a], — 30° (initial value); — 24° (4 hour); — 6° (14 hours); 
+ 4° (2} hours); + 13° (3} hours); + 21-5° (5 hours); + 26° (6 hours); + 32° (8 hours) ; 
+ 36° (10 hours); + 39°(12 hours); + 40-5° (14 hours); + 41-5° (15 hours); + 42° (18 hours) 
(constant for several hours). Prolonged heating caused a slow increase in the rotation of the 
solution. The solution ([«]p + 42°) was neutralised with barium carbonate, filtered, and poured 
into excess of alcohol. The barium salt of degraded arabic acid was filtered off, purified by 
reprecipitation, and dried in a vacuum. The white amorphous barium salt (58 g.) reduced 
Fehling’s solution and had [a]) — 9-0° in water (c, 1-0). The alcoholic mother-liquors were 
combined and evaporated to dryness and the sugars were extracted from the residue with methyl 
alcohol. A small quantity of the barium salt of degraded arabic acid remained insoluble. 
Removal of the solvent left a strongly reducing syrup A (48 g.). 

(b) Autohydrolysis. Arabic acid (100 g.), dissolved in water (1000 c.c.) and heated on a 
boiling water-bath, underwent autohydrolysis, the progress of which was observed polarimetri- 
cally : [a]? — 28° (initial value); + 22-5° (10 hours); + 40-0° (22 hours); + 41-5° (29 hours) ; 
+ 42-5° (34 hours; constant for 12 hours). The solution was neutralised with barium carbonate, 
filtered, and poured intoalcohol. The barium salt of degraded arabic acid was filtered off and the 
reducing syrup (A) (45 g.) was obtained when the filtrate was evaporated under reduced pressure. 

Examination of the Reducing Syrup (A).—The syrup ([a]p — 10° in water) was triturated with 
a small quantity of methyl alcohol and nucleated with /-arabinose. After several days crys- 
tallisation was complete and /-arabinose, having been triturated with methyl alcohol to remove 
adhering syrup, was filtered off, washed with ethyl alcohol and ether, and dried (yield, 17-5 g.) ; 
after recrystallisation from methyl alcohol it had m. p. 154°, [a]® + 104° (equilibrium value in 
water, c, 1-0). 

The syrup (A) (49 g.), obtained from arabic acid (110 g.) by autohydrolysis, was methylated 
with methyl] sulphate (250 c.c.) and sodium hydroxide solution (550 c.c., 30%) in the presence of 
some acetone, the time taken being about 4 hours. The methylation was conducted at 20° 
until the solution had no action on boiling Fehling’s solution, and thereafter at 35°. The solution 
was then maintained at 80° for 15 minutes to remove acetone and to destroy any sodium methyl 
sulphate, cooled, filtered from sodium sulphate, and exhaustively extracted with chloroform. 
The extract, dried over anhydrous magnesium sulphate, filtered, and evaporated under diminished 
pressure, gave a syrup (27 g.). The aqueous alkaline layer after chloroform extraction was 
almost neutralised with 5n-sulphuric acid, cooled in ice, filtered from sodium sulphate, and 
evaporated to a suitable bulk. This residue, which still contained incompletely methylated 
material, was again treated with methyl sulphate and sodium hydroxide solution as above, and 
the product extracted with chloroform (yield, 13 g.). Completion of the methylation was 
effected by two treatments of the syrup (40 g.) with methyl iodide and silver oxide. The mixture 
of methylated sugars was distilled, giving: Fraction I (a mixture of 2 : 3 : 4-trimethyl methy]l-/- 
arabinoside and 2: 3 : 4-trimethyl methyl-/-rhamnoside) (30-3 g.), b. p. (bath temp.) 120°/0-05 
mm., »} 1-4440 to 1-4490 (Found: OMe, 57%). Fraction II (heptamethyl 3-d-galactopyra- 
nosido-l-arabopyranose; 9 g.), b. p. (bath temp.) 180°/0-03 mm., n>” 1-4670, [«]}” + 139-5° in 
water (c, 1-0) (Found: OMe, 51-3. Calc. for C,gH3,0i9 : OMe, 52-9%). 

Isolation of Crystalline Derivatives of 2:3: 4-Trimethyl 1-Rhamnose and 2:3: 4-Trimethyl 
1-Avabinose from Fraction I.—A portion of fraction I was dissolved in dilute sulphuric acid 
(3-5%) and heated on a boiling water-bath until the rotation had become constant. The solution 
was neutralised with barium carbonate, filtered, and evaporated to dryness, giving a reducing 
syrup, which was distilled in a vacuum. The product had njf” 1-4633, [aJ}° + 61° in water 
(c, 0-8). When the syrup was digested with aniline in alcoholic solution, no crystalline anilide 
was produced. If, however, the original hydrolysis of the arabic acid had been effected wit 
0-01n-sulphuric acid, the syrup at this stage yielded sometimes a very small quantity of 
2: 3:4: 6-tetramethyl galactose anilide, m. p. 190°. 

The mixture of reducing sugars was allowed to react with bromine (3 mols.) in aqueous 
solution at 30° for 48 hours and excess of bromine was removed by aeration. The solution was 
neutralised with silver oxide and filtered, the organic acids liberated with hydrogen sulphide, 
and the filtered solution evaporated to a syrup, which was purified by extraction with ether. 
Removal of the ether yielded a pale yellow syrup, which distilled at (bath temp.) 120°/0-13 
mm.; py” 1-4550—1-4600, [«]p + 62° (initial value); + 56° (after } hour); + 6-2 (3} hours ); 
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— 14-9° (4$ hours); — 19-9° (18 hours); — 9-9° (69 hours); — 6-2°(75 hours). The distillate 
was acidic, behaved as a lactone on titration with sodium hydroxide, and did not reduce Fehling’s 
solution. The phenylhydrazides of 2:3: 4-trimethyl J-arabonic acid and 2:3: 4-trimethyl 
l-rhamnonic acid were obtained by treating the syrupy mixture of lactones (150 mg.) with phenyl- 
hydrazine (1-1 mols.) first in boiling ether for $ hour and then, after removal of ether, for 3 hours 
at 90°. The crystalline product (50 mg.) was separated from adhering syrup by trituration 
with ether. After recrystallisation from alcohol—ether-light petroleum the product had m. p. 
156°, alone or in admixture with authentic phenylhydrazide of 2: 3: 4-trimethyl /-arabonic 
acid (Found: C, 56-6; H, 7-0; OMe, 31:0; N, 9-8. Calc. for C,,H,,O;N,: C, 56-4; H, 7-4; 
OMe, 31:2; N, 9-4%). Evaporation of the mother-liquors yielded another crop of crystals 
(25 mg.), which after recrystallisation from alcohol-ether had m. p. 177°, alone or in admixture 
with authentic phenylhydrazide of 2:3: 4-trimethyl /-rhamnonic acid (Found: C, 57-8; 
H, 7-8; OMe, 29-4; N, 9-1. Calc. for C;;H,O;N,: C, 57-7; H, 7-75; OMe, 29-8; N, 9-0%). 

On treatment with methyl-alcoholic ammonia the syrupy mixture of lactones yielded a 
syrup, which crystallised on keeping. The crystals were freed from adhering syrup by tri- 
turation with alcohol—ether and after recrystallisation from acetone-ether-light petroleum, the 
amide of 2:3: 4-trimethyl /-arabonic acid had m. p. 107°, [a]? + 24-4° in water (c, 1-1), 
[a]? + 45° in methyl alcohol (c, 1-2) (Found: C, 46-8; H, 8-4; OMe, 44-1; N, 6-4. Calc. 
for C,H,,O,;N: C, 46-4; H, 8-3; OMe, 45-0; N, 6-8%). 

Heptamethyl 3-d-Galactopyranosido-l-arabopyranose from Fraction II.—Redistillation of 
fraction II gave a colourless viscous oil, b. p. (bath temp.) 180°/0-07 mm., nj®* 1-4678, which 
crystallised spontaneously. After recrystallisation from light petroleum heptamethyl 3-d- 
galactopyranosido-l-arabopyranose (I) had m. p. 82°, [aji®* + 162° in water (c, 2-0) (Found: 
C, 52-8; H, 8-2; OMe, 51-3. C,,H;,0O,9 requires C, 52-7; H, 8-4; OMe, 52-9%). 

The crystalline disaccharide (8 g.) was boiled for 10 hours with methyl alcohol (280 c.c.) 
containing hydrogen chloride (10 g.). The solution was neutralised with silver carbonate, 
filtered, and evaporated to a syrup, which was distilled, giving 7-7 g., b. p. (bath temp.) 100— 
105° /0-3 mm., »}°° 1-4530. The product did not reduce Fehling’s solution and had [a]}®° + 108° 
in water (c, 1-0). The glycosides of 2:3:4:6-tetramethyl galactose and 2: 4-dimethyl 
l-arabinose formed a constant-boiling mixture and separation by distillation could not be effected 
(Found : OMe, 55-4. Calc. for an equimolecular mixture of tetramethyl methylgalactoside and 
dimethyl methylarabinoside : OMe, 56-1%). 

The mixture of glycosides (7-3 g.) obtained from the previous experiment was dissolved in 
dilute sulphuric acid (200 c.c., 7%) and heated on a boiling water-bath until the rotation became 
constant ({«]p + 95°). The solution was neutralised with barium carbonate, filtered, and 
evaporated to dryness under diminished pressure. Distillation of the syrupy residue gave a colour- 
less oil (6-7 g.), b. p. (bath temp.) 125°/0-02 mm., nz" 1-4700, [a]}® + 102° in water (c, 0-5). 
Separation of this mixture of reducing methylated sugars (B) by distillation was also impossible 
(Found : OMe, 43-7. Calc. for an equimolecular mixture of tetramethyl galactose and dimethyl 
arabinose : OMe, 44-9%). 

When subjected to complete methylation with silver oxide and methyl iodide, the mixture 
of sugars (dimethyl arabinose and tetramethyl galactose) yielded a mobile non-reducing syrup, 
b. p. (bath temp.) 105°/0-25 mm., n}~* 1-4453, from which there separated 2 : 3 : 4: 6-tetramethyl 
6-methylgalactopyranoside, m. p. 47—48° alone or in admixture with an authentic specimen. 
The mother-liquors, containing all the 2:3: 4-trimethyl methyl-l-arabinoside and some 
2: 3:4: 6-tetramethyl methylgalactoside, were freed from solvent, and hydrolysed with dilute 
sulphuric acid (6%), giving the corresponding reducing sugars. The solution was neutralised 
with barium carbonate and the sugars were isolated by evaporation under diminished pressure. 
The mixture was oxidised with bromine (3 mols.) in water at 30—35° until the solution was non- 
reducing. The acidic product was isolated in the usual way, and the mixture of lactones dis- 
tilled in a vacuum. On treatment with phenylhydrazine in the manner previously described, 
the lactone mixture gave small quantities of the phenylhydrazide of 2:3: 4: 6-tetramethyl 
galactonic acid, m. p. 138°, and the phenylhydrazide of 2:3: 4-trimethyl /-arabonic acid, 
m. p. 156°, thus showing that the disaccharide consisted of one molecule of galactose united by a 
glycosidic link with one molecule of arabinose. 

The mixture of methylated sugars (B) (0°5 g.) was dissolved in water (10 c.c.) and treated 
with bromine (3 mols.) at 35° for 2 days. The lactone so produced was isolated as above and 
distilled, b. p. (bath temp.) 170°/0-03 mm., nj" 1-4612 (0-3 g.). The distillate was acidic and did 
not reduce boiling Fehling’s solution. The syrupy lactone mixture was treated with methyl- 
alcoholic ammonia for 12 hours at 0°. Removal of the excess of solvent left a residue, which 
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crystallised on trituration with ether—alcohol. The 2 : 4-dimethyl 1-arabonamide was filtered off, 
dried, and recrystallised from alcohol-ether. It had m. p. 158°, [a]}" + 58° in water (c, 1-4) 
(Found: C, 43-55; H, 7-6; OMe, 31-4; N, 7-2. C,,H,,;0,N requires C, 43-5; H, 7-85; OMe, 
32-1; N, 7:25%). Removal of the solvent from the mother-liquors gave another crystalline 
substance, which was recrystallised from alcohol-ether-light petroleum. It had m. p. 121— 
122°, alone or in admixture with authentic 2: 3: 4: 6-tetramethyl galactonamide. 

Separation of 2:3: 4: 6-Tetramethyl Galactose and 2 : 4-Dimethyl |-Arabinose.— (a) By means 
of aniline. The mixture of sugars (3-3 g.) was refluxed in alcoholic solution with aniline (1-7 g.) 
for 5 hours. The tetramethyl galactose anilide (m. p. 193°) was filtered off and washed with 
ether. The mother-liquors were evaporated and more crystalline material was obtained. The 
process was repeated until no more 2:3: 4: 6-tetramethyl galactose anilide separated (total 
yield, 1-9 g.). The syrupy residual anilide of dimethyl arabinose was dissolved in dilute sul- 
phuric acid (3%) and heated on a boiling water-bath for 2 hours. The solution was neutralised 
with barium carbonate, filtered, extracted several times with ether to remove aniline, and 
evaporated to dryness under diminished pressure. The pale yellow syrup (1-3 g.) thus obtained 
still contained some tetramethyl galactose. It had {«]}° + 94° in water (c, 1-8) (Found: OMe, 
37-4. Calc. for C,H,,0;: OMe, 348%). 

(b) Preferential bromine oxidation. Trial experiments indicated that bromine oxidation of 
2 : 4-dimethyl /-arabinose proceeded with great facility at 20°. The mixture of sugars (1 g.) 
was therefore oxidised with bromine (1-1 mols.) in aqueous solution (15 c.c.) for 1 hour at 20° and 
1 hour at 35°. The excess of bromine was removed and the solution, which still had reducing 
properties, was neutralised with silver oxide and filtered. The filtrate was treated with hydrogen 
sulphide, filtered, and concentrated under diminished pressure at 35° to 50 c.c. The acid 
solution was neutralised with barium carbonate, filtered, and evaporated to dryness. The 
residue was exhaustively extracted with ether to remove tetramethyl galactose, and the ether- 
insoluble barium 2 : 4-dimethyl /-arabonate was dissolved in water and treated with a slight 
deficiency of dilute sulphuric acid. After addition of a little charcoal the solution was filtered 
and evaporated to a syrup, which was distilled ina vacuum; 7° 1-4700, [a]}®° + 85° (initial value 
in water, c, 1-4); [a]p + 27° (14} hours, constant value). The distillate was acid to Congo paper 
(Found: OMe, 35-5. C,H,,0, requires OMe, 35-2%). On treatment with methyl-alcoholic 
ammonia the lactone gave 2 : 4-dimethy] /-arabonamide in good yield, m. p. 158°. This amide 
gave no sodium isocyanate when treated with a standard hypochlorite solution, since, on addition 
of semicarbazide, the highly characteristic hydrazodicarbonamide was not obtained. 

Oxidation of 2:4-Dimethyl 1-Avabinose with Nitric Acid.—The 2: 4-dimethyl /-arabinose 
(1-4 g.) was dissolved in dilute nitric acid (25 c.c., d 1-2), and the solution warmed for 20 hours at 
50°. It was then diluted with water and evaporated under diminished pressure to remove 
nitric acid, water, and finally methyl alcohol, being added to facilitate the process. The dry 
acid residue was boiled for 6 hours with 1% methyl-alcoholic hydrogen chloride (100 c.c.) to 
effect esterification. The solution was then cooled, neutralised with silver carbonate, filtered, 
and evaporated to dryness. The methyl B-hydroxy-wy-dimethoxy-l-avaboglutarate thus obtained 
was distilled, giving a colourless mobile oil (0-9 g.), b. p. (bath temp.) 115°/0-02 mm., nj” 1-4450, 
[a]? + 41-3° in methyl alcohol (c, 0-8) (Found: OMe, 50-8; CO,Me, 49-7. C,H,,0, requires 
OMe, 52-6; CO,Me, 50°0%). When the methyl ester was treated with methyl-alcoholic ammonia 
for 24 hours at — 5°, the diamide of B-hydroxy-ay-dimethoxy-l-araboglutaric acid was readily 
formed in good yield. Removal of the excess of solvent left a crystalline residue of needles, 
which was recrystallised from aqueous alcohol. The product had m. p. 285° (decomp.), [a] + 
62-1° in water (c, 1-6). It was sparingly soluble in alcohol and insoluble in acetone, ether, and 
light petroleum (Found: C, 40-6; H, 6-7; OMe, 30-2; N, 13-9. C,H,,O;N, requires C, 40-7; 
H, 6-8; OMe, 30-1; N, 13-6%). 

Heptamethyl 3-d-Galactopyranosido-l-arabofuranose (V1).—The reducing syrup (A) (50 g.) 
produced by autohydrolysis of arabic acid was dissolved in methyl alcohol (2000 c.c.) containing 
hydrogen chloride (10 g.), and the mixture kept at 18°. After 7 days, when the solution was 
non-reducing and the specific rotation had become constant (slightly negative), it was neutralised 
with lead carbonate, filtered, and evaporated to dryness under diminished pressure. The 
syrupy residue was dissolved in alcohol, filtered to remove a small quantity of inorganic impurity, 
and again freed from solvent. The dry syrup was dissolved in methyl iodide containing a 
small quantity of methyl alcohol and refluxed for 10 hours in the presence of excess of 
silver oxide. The solution was then filtered, and the residue washed well with hot 
methyl alcohol. Removal of solvent from the filtrate gave a pale yellow syrup. After three 
such methylations the product was completely soluble in methyl] iodide and it was then subjected 
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to three more methylations with silver oxide and methyl iodide without addition of methyl 
alcohol. The material isolated by means of acetone (53-6 g.) was distilled, giving: Fraction I 
(40 g.), b. p. (bath temp.) 100—120°/0-01 mm., jz” 1-4240—1-4540, consisting mainly of 
2:3: 5-trimethyl /-arabofuranoside and 2: 3 : 5-trimethyl methyl-l-rhamnofuranoside. Frac- 
tion II, heptamethyl 3-d-galactopyranosido-|-arabofuranose (10-3 g.), b. p. (bath temp.) 170— 
180°/0-01 mm., 2” 1-4670, [a]p + 102° in water (c, 2-9) (Found : OMe, 51-0. C,,H;,0,,. requires 
OMe, 52-9%). 

Hydrolysis of Heptamethyl 3-d-Galactopyranosido-|-arabofuranose.—A solution of methylated 
disaccharide (fraction II) (2-9 g.) in water (100 c.c.) containing concentrated sulphuric acid (3 g.) 
was heated on a boiling water-bath until the rotation became constant ([a]p + 64-5° after 6 hours). 
The solution was neutralised with barium carbonate, filtered, and freed from solvent by dis- 
tillation under diminished pressure. The product was dissolved in alcohol, and a small amount 
of barium carbonate filtered off. Removal of solvent from the filtrate furnished a reducing 
syrup, containing 2: 3 : 4: 6-tetramethyl galactose and 2 : 5-dimethyl l-arabinose. The syrupy 
mixture of sugars was extracted six times with boiling light petroleum (30 c.c.); the combined 
extracts gave on removal of solvent a syrup (0-6 g.) consisting chiefly of 2: 3: 4: 6-tetramethyl 
galactose. It had [a]}® + 102° in water (c, 0-6) (Found: OMe, 48-0. Calc. for C,9H 90, : 
OMe, 52-:7%). The syrup readily yielded on boiling with alcoholic aniline the characteristic 
anilide of 2: 3: 4: 6-tetramethyl galactose, m. p. 192° alone or in admixture with an authentic 
specimen. The portion of the syrup insoluble in light petroleum (1-7 g.) containing the 2: 5- 
dimethy! /-arabinose had [«]}® + 46-6° in water (c, 0-7) (Found : OMe, 38-0. C,H,,O, requires 
OMe, 34°8%). 

Oxidation of 2: 5-Dimethyl 1-Avabinose with Bromine.—The syrup (1-7 g.) in water (20 c.c.) 
was allowed to react with bromine (3 c.c.) at room temperature for 2 days; the solution then had 
no action on boiling Fehling’s solution. The oxidation product, isolated as in previous cases, 
was distilled, giving a mixture consisting chiefly of 2 : 5-dimethyl y-/-arabonolactone and some 
2: 3:4: 6-tetramethyl 8-galactonolactone (1-4 g.), b. p. (bath temp.) 160°/0-05 mm., nj" 1-4630; 
[x}7** + 8-7° (initial value); — 47-3° (3 hours); — 24° (19 hours); — 22° (44 hours); — 19° 
(98 hours); —16° (168 hours) (Found: OMe, 42-7. Calc. for C;,H,,0,;: OMe, 35:2%. Calc. 
for Cy9H,,0,: OMe, 53-0%). 2: 5-Dimethyl 1-arabonophenylhydrazide was obtained when the 
lactone mixture (1-3 g.) was heated with phenylhydrazine (1 g.) for 3 hours at 90°. After 
recrystallisation from alcohol-ether, the crystalline product (0-9 g.) had m. p. 163° (Found : 
C, 54:9; H, 7:3; OMe, 21-4; N, 10-0. C,H,,0O;N requires C, 54:9; H, 6-9; OMe, 21-8; 
N,9-9%). Evaporation of the mother-liquors gave a small amount (0-1 g.) of the phenylhydrazide 
of 2: 3:4: 6-tetramethyl galactonic acid, which after recrystallisation from alcohol-ether had 
m. p. 138°, alone or in admixture with an authentic specimen (Found: C, 56-3; H, 7-7; OMe, 
37-0; N, 8-5. Calc. for C,;,H,,O,N,: C, 56-1; H, 7:7; OMe, 36-2; N, 8-2%). 

Regeneration of 2 : 5-dimethyl y-l-arabonolactone was effected by heating the phenylhydrazide 
(0-8 g.) in 0-1n-sulphuric acid (50 c.c.) for 12 hours at 75°. The solution was cooled, neutralised 
with barium carbonate, filtered, and exhaustively extracted with ether to remove phenylhydr- 
azine. The aqueous solution was treated with a slight excess of dilute sulphuric acid, neutralised 
with lead carbonate, and filtered, and the dissolved lead precipitated by hydrogen sulphide. 
After filtration the solution was evaporated to a syrup, which was distilled (0-3 g.), b. p. (bath 
temp.) 145°/0-07 mm. The colourless distillate readily crystallised on keeping and after recrys- 
tallisation from ether 2: 5-dimethyl y-/-arabonolactone had m. p. 60°; [a]>” — 59-7° (initial 
value in water, c, 1-0); —54-2° (6 hours); —52-2° (100 hours); —49-0° (180 hours); —44-8° 
(320 hours, mutarotation still incomplete). The free acid, liberated from its sodium salt, had 
[a}i®* +- 25-8° [initial value in acidified (sulphuric acid) aqueous solution, ¢, 1-0]; —16-0° (120 
hours, constant value). A freshly prepared aqueous solution of this lactone was not acid to 
Congo-red or litmus, but gradually developed acidic properties on keeping (Found: C, 47-3; 
H, 6-8; OMe, 35-0. C,H,,0, requires C, 47-7; H, 6-9; OMe, 35-2%). 2: 5-Dimethyl 1- 
arabonamide was obtained from the crystalline lactone or the crude syrupy lactone on treatment 
with methyl-alcoholic ammonia at — 5° for 24 hours. The solid amide obtained on removal of 
the solvent separated in needles from ethyl alcohol-ether and had m. p. 131°, [a] + 38-0° 
in water (c, 1-4). A Weerman test for a-hydroxy-amides on this amide was negative. When 
treated with sodium hypochlorite, it gave no sodium isocyanate (tested with semicarbazide) 
(Found: C, 43-8; H, 8:3; OMe, 31-9; N, 7-2. C,H,,O;N requires C, 43-5; H, 7-85; OMe, 
32-1; N, 7-25%). 

When the 2 : 5-dimethyl y-/-arabonolactone (0-1 g.) was methylated by one treatment with 
methyl iodide and silver oxide, 2 : 3 : 5-trimethyl y-/-arabonolactone was obtained. The lactone 
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was distilled, b. p. (bath temp.) 120°/0-03 mm. (0-1 g.), and it crystallised immediately on nuclea- 
tion with 2:3: 5-trimethyl y-l-arabonolactone. After recrystallisation from light petroleum 
it had m. p. 30°, [«]}®° — 44° (initial value in water; c, 1-0). When treated with methyl-alcoholic 
ammonia, the lactone gave the characteristic amide of 2 : 3 : 5-trimethyl /-arabonic acid, m. p. 
137°, [a]p + 18° in water (c, 2-0) (yield, quantitative) (Found: C, 46-5; H, 7-9; OMe, 44-5; 
N, 6-8. Calc. for CsH,,O,N: C, 46-4; H, 8-3; OMe, 44-9; N, 6-8%). 

Preparation of Heptamethyl 3-B-d-Galactopyranosido-d-arabopyranose.—Lactose was converted 
by the method of Wohl into 3-8-d-galactosido-d-arabinose according to the directions given by 
Zemplén (Ber., 1926, 59, 2405) and isolated as the crystalline benzylphenylhydrazone. From 
the latter (26 g.) the free sugar was regenerated by heating with benzaldehyde (35 c.c.) in aqueous 
alcohol (3-5 1. of water and 100 c.c. of ethyl alcohol) for 14 hours on a boiling water-bath The 
solution was cooled, and the benzaldehydebenzylphenylhydrazone filtered off. The aqueous 
solution was exhaustively extracted with ether to remove the excess of benzaldehyde and any 
benzaldehydebenzylphenylhydrazone. It was then concentrated to 50 c.c. under diminished 
pressure at 35°, giving a solution which reduced Fehling’s solution actively on boiling. 

The aqueous solution containing the 3-8-d-galactosido-d-arabinose was methylated with 
methyl sulphate (100 c.c.) and sodium hydroxide solution (250 c.c. of 30%) in the presence of a 
small quantity of acetone, four-tenths of the reagents being added at 20° and the remaining 
six-tenths at 40° during 4 hours. The methyl derivative was extracted with chloroform and, 
after the combined chloroform extracts had been dried over anhydrous magnesium sulphate, 
the solution was evaporated to give a syrup (14 g.). Methylation of this was completed by 
means of silver oxide and methyl iodide (two treatments) in the usual manner. The heptamethyl 
3-8-d-galactopyranosido-d-arabopyranose was then distilled (11-3 g.), b. p. (bath temp.) 175— 
180° /0-05 mm. ; m}*" 1-4685 ; [a]}®° — 28-4° in methyl alcohol (c, 1-5) (Found : OMe, 50-6. C,.H;,049 
requires OMe, 53-0%). Partial crystallisation of the distillate took place on keeping and after 
recrystallisation from alcohol-ether—light petroleum it had m. p. 136°; [a] — 12-1° in methyl 
alcohol (c, 1-1). The material appeared to be a hexamethyl derivative (Found: OMe, 46-7. 
C,,H 320i requires OMe, 47-0%. C,gH3,Oj9 requires OMe, 52-9%). 

A solution of the methylated disaccharide (10-8 g.) in dilute sulphuric acid (250 c.c., 4%) 
was heated for 5 hours on a boiling water-bath, the rotation, [«]) — 15° (initial value), changing 
to + 18° (constant value). The solution was neutralised with barium carbonate, filtered, and 
evaporated to dryness. The syrup obtained, consisting of 2: 3:4: 6-tetramethyl galactose 
and 2: 4-dimethyl d-arabinose, formed a constant-boiling mixture (9-43 g.), b. p. (bath temp.) 
130°/0-10 mm., n}%" 1-4705; [«]i®* + 38-7° in water (c, 1-4). The distillate reduced Fehling’s 
solution on boiling (Found: OMe, 44-8. Calc.: OMe, 44:9%). 

2 : 4-Dimethyl d-Arabinose.—The dry mixture of methyl sugars (9-38 g.) was boiled for 5 
hours in absolute alcohol (50 c.c.) containing aniline (4-8 g.). The solution was cooled, and the 
2:3: 4: 6-tetramethyl galactose anilide filtered off, washed with ethyl alcohol-ether, and dried 
(5-9 g., m. p. 192°). The filtrate and washings were evaporated to a syrup, which crystallised 
on trituration with ether-light petroleum (yield, 2-6 g.). The crystals had m. p. 135° and no 
increase in m. p. was observed after repeated crystallisation from alcohol-ether. Slow crys- 
tallisation from absolute alcohol gave two sets of crystals : (a) needles of 2: 3: 4: 6-tetramethyl 
galactose anilide, m. p. 192°; (b) plates, m. p. 141°. These two crops were mechanically 
separated and after recrystallisation from ethyl alcohol the plates (b) had m. p. 142—143°. 
The product was 2: 4-dimethyl d-arabinose anilide (Found: C, 61-8; H, 7-6; OMe, 24-9; N, 
5°6. C,,;H,,0,N requires C, 61-65; H, 7-6; OMe, 24-5; N, 5-5%). Scission of the aniline 
residue from the crude 2 : 4-dimethyl d-arabinose anilide, which still contained some 2: 3: 4: 6- 
tetramethyl galactose anilide, was effected by heating with dilute sulphuric acid (3%) at 80°. 
The solution was neutralised with barium carbonate, filtered, and evaporated to dryness under 
diminished pressure at 40°.. The syrupy product, consisting chiefly of 2 : 4-dimethy] d-arabinose 
(see also Zemplén and Braun, Ber., 1926, 59, 2240), was purified by distillation, b. p. (bath 
temp.) 140°/0-09 mm., nj" 1-4800; [a]l7’ — 30-8° in water (c, 2-4); [«]}” — 37-8° in methyl 
alcohol (c, 1-9). The syrup reduced Fehling’s solution on boiling. 

Oxidation of 2: 4-Dimethyl d-Arabinose with Bromine.—2 : 4-Dimethyl d-arabinose (0-9 g.), 
containing a little 2: 3: 4: 6-tetramethy] galactose, was dissolved in water (20 c.c.) and treated 
with bromine (0-4 c.c.) for 1 hour at 20° and 2 hours at 40°. The lactone, isolated by the method 
previously employed, was distilled (0-5 g.), b. p. (bath temp.) 140°/0-15 mm., mj” 1-4750; 
[a]}8° — 65° (initial value); — 22° (8 hours, constant value). The distillate had a slight reducing 
action on boiling Fehling’s solution owing to a small amount of 2 : 3: 4: 6-tetramethyl galactose 
being present. An aqueous solution of the distillate was acid to Congo-red. The lactone was 
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converted into the amide by treatment with methyl-alcoholic ammonia at 0°. After recrys- 
tallisation from alcohol 2 : 4-dimethyl d-avabonamide had m. p. 158°, [a]}”" — 58-8° in water 
(¢, 1-1) (Found: C, 43-7; H, 8-0; OMe, 32-0; N, 7-0. C,H,,0;N requires C, 43-5; H, 7-85; 
OMe, 32-1; N, 7-25%). Regeneration of the lactone from the crystalline amide (50 mg.) 
by hydrolysis with barium hydroxide gave a small quantity of crystalline lactone which had 
[aJ>" — 86° (initial value in water, c, 1-0); — 33-0° (18 hours, constant value), 

Oxidation of 2 : 4-Dimethyl d-Arabinose with Nitric Acid.—The sugar (1-4 g.) was heated with 
nitric acid (25 c.c., d 1-2) for 24 hours at 55°. The solution was diluted with water and freed 
from nitric acid by distillation under diminished pressure at 50° as in previous cases. The dry 
acid syrup was esterified by boiling for 6 hours with 3% methyl-alcoholic hydrogen chloride 
(100 c.c.). The solution was cooled, neutralised with silver carbonate, filtered, and evaporated to 
a syrup. The methyl B-hydroxy-wy-dimethoxy-d-araboglutarate was distilled, giving a colourless 
oil (0-95 g.), b. p. (bath temp.) 135°/0-12 mm., n>” 1-4475; [«]}*° — 32° in methyl alcohol (c, 0-8) 
(Found : OMe, 50-9; CO,Me, 46-0. C,H,,O, requires OMe, 52-6; CO,Me, 500%). The ester 
was converted by means of methyl-alcoholic ammonia into the crystalline diamide (6-hydroxy- 
ay-dimethoxy-d-araboglutaramide), which after recrystallisation from aqueous methyl alcohol 
had m. p. 286° (decomp.); [a]}’” — 62-8° in water (c, 1-42) (Found: C, 40-9; H, 7-0; OMe, 
30-6; N, 13-5. C,H,,0,;N, requires C, 40-7; H, 6-8; OMe, 30-1; N, 13-6%). 


The author thanks Professor W. N. Haworth, F’.R.S., for his interest in this work. 
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154. 2:3-Dimethyl |-Arabinose and its Derivatives. 
By F. Smit. 


A preparation of 2 : 3-dimethy] /-arabinose has been effected by the following series 
of reactions: J-arabinose —-> methy]l-l-arabofuranoside ——> 5-trityl methyl-l-arabo- 
furanoside —> 5-trityl 2 : 3-dimethyl methyl-l-arabofuranoside —> 2 : 3-dimethyl methyl- 
l-arabinoside ——> 2 : 3-dimethyl /-arabinose. From the last the following crystalline 
derivatives have been prepared: 3-methyl 1-avabinose phenylosazone, 2 : 3-dimethyl 1- 
arabinose anilide, 2 : 3-dimethyl y-/-arabonolactone, 2 : 3-dimethyl /-arabonamide, and 
a-hydroxy-By-dimethoxy-l-araboglutaramide. 


AUTOHYDROLYsIS of arabic acid furnishes among other products 3-d-galactosido-/-ara- 
binose, which can be transformed into heptamethyl 3-d-galactopyranosido-/-arabopyranose 
and heptamethyl 3-d-galactopyranosido-l-arabofuranose according to the conditions of 
methylation adopted (preceding paper). These two methylated disaccharides furnish 
2:4-dimethyl and 2: 5-dimethyl /arabinose respectively. 2: 3-Dimethyl /-arabinose, 
recently obtained as one of the products of hydrolysis of a methylated araban (Hirst and 
Jones, J., 1938, 504), and its derivatives were required for comparison purposes and for 
reference compounds in the study of polysaccharide gums. 
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Methyl /-arabofuranoside (I) (Haworth and Baker, J., 1925, 127, 365) was allowed to 
react with triphenylmethyl chloride in pyridine, 5-trityl methylarabofuranoside (II) being 
obtained. Methylation of the latter with Purdie’s reagents gave 5-irityl 2 : 3-dimethyl 
methylarabofuranoside (III). The trityl residue was then removed by means of hydrogen 
chloride in chloroform and the methylarabofuranoside obtained was hydrolysed by heating 
with aqueous acid. The 2 : 3-dimethyl /-arabinose (IV), which formed a crystalline anilide, 
gave, after oxidation with bromine, a crystalline lactone (V). An aqueous solution of this 
exhibited the slow mutarotation characteristic of y-lactones. When treated with ammonia, 
the, lactone was smoothly transformed into 2: 3-dimethyl /-arabonamide. This amide 
gave a negative Weerman test for «-hydroxy-amides (Rec. Trav. chim., 1917, 36, 16), 
showing that the hydroxyl on C, must be protected by a methyl residue. This view was 
confirmed by the fact that when 2 : 3-dimethyl /-arabinose (IV) was treated with phenyl- 
hydrazine there was obtained 3-methyl l-arabinose phenylosazone, the methoxyl residue 
on C, being eliminated in the process. Finally, by oxidation with nitric acid, the compound 
(IV) yielded «-hydroxy-Sy-dimethoxy-/-araboglutaric acid (VI). Since the oxidation 
of the primary alcohol group occurs without loss of methoxyl, the second methyl group 
is not terminal. «-Hydroxy-By-dimethoxy-|-araboglutaramide was derived from the methyl 
ester of (VI) and gave a positive Weerman test, thus providing additional proof of the 
presence of a free hydroxyl group on C,. 


EXPERIMENTAL. 


5-Trityl Methyl-l-arabofuranoside (11).—Methyl-l-arabofuranoside (1 part) was dissolved in 
pyridine (2 parts) and allowed to react with trityl chloride (0-95 mol.) at 20° for 5 days. The 
solution was then poured into water, and the insoluble syrup washed several times by decantation 
with dilute acetic acid (3%). The syrup, dissolved in chloroform, was washed with dilute 
acetic acid, to remove the last traces of pyridine, and then with water, and finally dried over 
anhydrous magnesium sulphate. Evaporation of the solvent gave a glassy residue of 5-irityl 
methyl-l-avabofuranoside in almost quantitative yield. It had [«]}#? — 17° in chloroform (c, 1-4) 
(Found : OMe, 8-6. C,,;H,,0O, requires OMe, 7-6%). 

5-Trityl 2:3-Dimethyl Methyl-l-arabofuranoside (III).—5-Trityl methyl-l-arabofuranoside 
was methylated with methy] iodide and silver oxide in the usual way, the material being isolated 
by means of acetone. After three such treatments the product was isolated as a glass, which 
had [a]? — 12-3° in chloroform (c, 1-6) (Found : OMe, 19-5. C,,H,,O,; requires OMe, 21-4%). 

2: 3-Dimethyl Methyl-l-avabinoside.—A solution of 5-trityl 2: 3-dimethyl methyl-l-arabo- 
furanoside (20 g.) in chloroform (500 c.c.) at 0° was saturated with hydrogen chloride, kept for 
1 hour each at 0° and 20°, and then exhaustively extracted with water. The combined aqueous 
extracts were neutralised with silver carbonate, filtered, and evaporated to dryness under 
diminished pressure, giving a syrup, which was boiled with methyl-alcoholic hydrogen chloride 
(200 c.c. of 1%) for 8 hours to effect glycoside formation. Removal of the solvent yielded 
2: 3-dimethyl methyl-/-arabinoside as an oil (6-0 g.), b. p. 86° (bath temp.)/0-04 mm.; nj? 
1-4505 (Found : OMe, 46-7. Calc. for CgH,,0;: OMe, 48-4%). 

2: 3-Dimethyl 1-Arabinose (IV).—A solution of 2: 3-dimethyl methylarabinoside (5-5 g.) 
in dilute sulphuric acid (100 c.c. of 3%) was heated on a boiling water-bath until the rotation 
became constant; it was then neutralised with barium carbonate, filtered, and evaporated to 
dryness. The syrupy 2 : 3-dimethy] /-arabinose obtained (5-0 g.) had [a] + 86-4° (initial value 
in water, c, 1-0), changing in 2} hours to + 107° (equilibrium value) (Found : OMe, 34-0. Calc. 
for C,H,,0,;: OMe, 34-8%). 

When 2 : 3-dimethy] /-arabinose (0-1 g.) was heated with aniline (0-05 g.; 1 mol.) in absolute 
alcoholic solution (3 c.c.) for 4 hours, 2 : 3-dimethyl 1-arabinose anilide was produced, After 
removal of the excess of solvent the solid residue was triturated with ether-light petroleum, 
and recrystallised from acetone—light petroleum; m. p. 139° (Found: C, 61-5; H, 7-6; OMe, 
24:3; N, 5-6. C,3H,,0O,N requires C, 61-65; H, 7-6; OMe, 24-5; N, 5-5%). 

3-Methyl 1-Arabinose Phenylosazone.—The syrupy 2: 3-dimethyl /-arabinose (1 mol.) was 
heated with phenylhydrazine (4 mols.) in dilute acetic acid (5 c.c.) for 5 hours at 80°. The 
phenylosazone obtained contained only one methoxyl residue and separated from aqueous 
alcohol in yellow needles, m. p. 163° (Found: OMe, 8-4; N, 16-3. C,,H,,0,N, requires OMe, 
9-1; N, 16-4%). 

2: 3-Dimethyl y-l-Arabonolactone (V).—2 : 3-Dimethyl /-arabinose (3 g.) was dissolved in 
water (30 c.c.) and allowed to react with bromine (3 mols.) at 25° for 3 days; the solution then 
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no longer reduced Fehling’s solution. The excess of bromine was removed by aeration, and 
hydrobromic acid with silver oxide. The neutral solution was filtered, treated with hydrogen 
sulphide to remove silver, again filtered, and then evaporated under diminished pressure. The 
syrupy lactone thus produced distilled as a colourless oil (2-5 g.), b. p. 120° (bath temp.) /0-03 mm., 
ni** 1-4600; [a]}® — 36° (initial value in water; c, 1-3), changing in 11 days to — 27° (equilibrium 
value) (Found: OMe, 35-1%). When the lactone was treated with methyl-alcoholic 
ammonia at — 5° for 12 hours, the corresponding amide was produced. Evaporation of the 
solvent under reduced pressure left a residue of 2 : 3-dimethyl /-arabonamide. After recrystallis- 
ation from alcohol—acetone-ether the product had m. p. 162°; [a]?° + 17-4° in water (c, 1-2). 
This amide gave no sodium isocyanate when treated with sodium hypochlorite, for on addition 
of semicarbazide, no hydrazodicarbonamide was produced (Found: C, 43-6; H, 7-8; OMe, 
32-1; N, 7-4. Calc. forC,H,,O;N: C, 43-5; H, 7-8; OMe, 32-1; N, 7-25%). 

Regeneration of the lactone from the amide (1-2 g.) was effected by heating the latter with 
a saturated solution of barium hydroxide (30 c.c.) at 75° in a current of nitrogen until evolution 
of ammonia ceased. The solution was neutralised with carbon dioxide, filtered, and treated 
with a slight deficiency of 0-1N-sulphuric acid (50 c.c.). The barium sulphate was filtered off, 
and the solution evaporated to dryness. The lactone thus produced distilled as a colourless 
oil (0-9 g.), b. p. (bath temp.) 120°/0-01 mm., nj’ 1-4602. The material was only faintly acid to 
litmus and did not reduce Fehling’s solution. The lactone crystallised on keeping at 0° and 
after recrystallisation from ether—light petroleum it had m. p. 35°; [a]}®° — 38° (initial value in 
water; c, 1-2); — 31-3° (6 days); — 25-4° (12 days, constant value). The free acid liberated 
from the sodium salt had [«]}*° + 8-2° (initial value in aqueous sulphuric acid solution; c, 1-0) ; 
+ 4-0° (3 hours); + 0-0° (6 hours); — 2° (8hours); — 9° (15 hours); — 16° (25 hours); — 22° 
(40 hours); — 24-4° (55 hours); — 25-4° (74 hours, constant value) (Found: C, 47-6; H, 6-8; 
OMe, 35-5. Calc. for C;H,,0,: C, 47-7; H, 6-9; OMe, 35-2%). 

a-Hydroxy-By-dimethoxy-|-araboglutaramide.—A solution of the crystalline 2 : 3-dimethyl 
y-l-arabonolactone (1 g.) in nitric acid (10 c.c., d 1-42) was heated for 6 hours at 80°, diluted 
with water, and freed from solvent and nitric acid by distillation under diminished pressure, the 
last traces of acid being removed by addition of methyl alcohol. The dry syrup was boiled 
with methyl-alcoholic hydrogen chloride (50 c.c. of 2%) for 8 hours, and the solution cooled, 
neutralised with silver carbonate, filtered, and evaporated to dryness. The methyl ester (0-6 g.), 
b. p. 140° (bath temp.) /0-02 mm., 3” 1-4465, [«]}* + 6° in water (c, 0-8) (Found : OMe, 48-0. 
C,H,,O, requires OMe, 52-4%), was treated with methyl-alcoholic ammonia for 2 days at — 5°, 
and the excess of the solvent then removed. «a-Hydroxy-fy-dimethoxy-l-araboglutaramide, 
recrystallised from aqueous ethyl alcohol, had m. p. 195°, [«]?}° + 26-8° in water (c, 0-8) (Found : 
C, 40-8; H, 7-0; OMe, 30-2; N, 13-7. C,H,,0,;N, requires C, 40-8; H, 6-9; OMe, 30-1; N, 
13-6%). 

A solution of the amide (20 mg.) in water (0-5 c.c.) was allowed to react with a slight excess 
of 1-5n-sodium hypochlorite solution for 30 minutes at 0°, the excess of hypochlorite destroyed 
with a few drops of sodium thiosulphate solution, and solid sodium acetate added, followed by 
three drops of a saturated solution of semicarbazide hydrochloride; after a few minutes hydr- 


azodicarbonamide separated, m. p. and mixed m. p. 258°. 


The author thanks Professor W. N. Haworth, F.R.S., for his interest in this work. 
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155. The Triterpene Group. Part V. Oxidation Products of the 
8-Amyrin Derivative, C,,H,,OS. 
By JAMEs C. E. SIMPSON. 


Improved conditions have been devised for the preparation, from §-amyrin 
benzoate, of the thio-compound C,,H,,OS (I) and of the hydroxy-keto-acetate (III), 
the principal oxidation product of the acetate of (I). With a view to the elucidation 
of the structure of (I), the oxidation of (III) and its derivatives has been studied 
under various conditions. New products, at present incompletely characterised, 
have been obtained; the formation of some of these is difficult to explain by the 
current formulations of the oleanolic acid group of triterpenes. 
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In the hope of obtaining further insight into the structure of the compound C3 9H,,OS (I), 
first obtained by Jacobs and Fleck (J. Biol. Chem., 1930, 88, 137), the behaviour of its two 
immediate oxidation products, namely, the hydroxy-ketone (IV) and the hydroxy-keto- 
lactone (VII), on further oxidation has been studied. 

The preparation of large amounts of the compound (I), which cannot be satisfactorily 
accomplished by the original method (fusion of 8-amyrin benzoate with sulphur), has been 
achieved, with a greatly increased yield, by the use of benzyl acetate as a solvent. The 
preparation of the keto-acetate (III) also has been improved, the yield being raised to 
almost 50%. 

Gentle oxidation of the hydroxy-ketone (IV) with chromic anhydride produces the 
diketone (V), characterised by its monosemicarbazone. This diketone is converted in good 


Monomethy] ester 
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yield into a dinitro-compound, Cy9H,,0,N, (IX), by the action of concentrated nitric acid 
at 100°; the latter compound is also formed, in the same yield, when the hydroxy-ketone 
(IV) is oxidised under the same conditions. 

A similar series of changes has been carried out with the hydroxy-keto-lactone (VII). 
Oxidation of the C,-hydroxyl group to carbonyl gives the diketo-lactone Cy9H,)O, (VIII), 
which is transformed by nitric acid at 100° into a dinttro-compound, Cy9H,O,N, (X), 
also obtained by similar oxidation of (VII). 

The structural relationship between these two dinitro-compounds is apparently the 
same as that between the ketone (IV) and the lactone (VII) (Part II, J., 1938, 1313), 
because the compound (IX) on oxidation with chromic anhydride is smoothly converted 
into (X) under precisely the same conditions as those effective in transforming the keto- 
acetate (III) into the lactone-acetate (VI); this relationship is borne out by a comparison 
of the molecular formule of the two pairs of compounds. The nitro-compounds are 
remarkable in that the same compound is formed both from the alcohol [(IV) and (VII)] 
and from the ketone [(V) and (VIII)] by the action of nitric acid. The precise mechanism 
of the formation of these substances is obscure; the reaction may however be analogous 
to the oxidation of cholestenone recorded by Windaus (Ber., 1906, 39, 518) to a trinitro- 
derivative C,,H,,O,N, by means of nitric acid—acetic acid at 100°, for he states that the same 


product may also be obtained from cholesterol. 








[1939] Simpson : The Triterpene Group. Part V. 757 


A preliminary study has been made of the action of chromic anhydride on the acetate 
(III) in the presence of sulphuric acid. It was shown previously (Simpson, Joc. cit.) that 
chromic anhydride (without sulphuric acid) converts (III) into (VI) in 75% yield. In 
marked contrast to this reaction, the addition of sulphuric acid lowers the yield of (VI) 
to about 15%, the main product being a new acetate, C,.H,,O, (XIV). Hydrolysis of this 
acetate with either dilute or concentrated potassium hydroxide solution gives the corre- 
sponding alcohol, CygH4.O; (XV). 

The presence of sulphuric acid also modifies profoundly the course of the oxidation 
of the lactone (VII). The diketo-lactone (VIII), referred to above, is the sole isolable 
product of the oxidation of (VII) by chromic anhydride without sulphuric acid at temper- 
atures up to 40°. The addition of the mineral acid, however, brings about an enormous 
increase in the rate of oxidation, and leads to the formation, even at room temperature, 
of acomplex mixture. The (very small) neutral fraction consisted essentially of the lactone 
acetate (VI). From the acid products of oxidation, a dibasic acid, presumably arising 
by scission of ring A at C,—C;, has been isolated in moderate yield as its dimethyl ester, 
C3gHyO, (XII), together with a monolactone (XI), analyses of which indicate the formula 

egl3,0,. This lactone appears to form water-soluble complexes with the alkali-metal 
salts of acids of allied type, as is shown both by its isolation from the acid oxidation 
products and also by its behaviour on alkaline hydrolysis. In the latter reaction it is 
converted into the corresponding acid, which was isolated as its methyl ester, C,.H,,O; 
(XIII). The lactone reacts readily with hydroxylamine, but no crystalline product has so 
far been obtained from this reaction. It does not react with semicarbazide acetate at room 
temperature. 

The data here presented do not constitute direct evidence either for or against the 
mechanism previously suggested (Simpson, Joc. cit.) for the production of (I), (III), and 

Me Me (VI). They do, however, accentuate the difficulty of explaining 

the formation of (I) and its transformation products on the 

"6 Me basis of structure (XVI) (Ruzicka, Goldberg, and Hofmann, 

3 Me Helv. Chim. Acta, 1937, 20, 325) for B-amyrin. In particular, 

~ structure (XVI) fails to account for the production of the 

Me|| Me monolactone (XI) with the loss of two carbon atoms. The 

(XVI; R discrepancy cannot, moreover, be bridged by any of the 

R = CO,H in several variations of (XVI) which have recently been advanced 

Mein Banyrin,) Me (Haworth, Ann. Reports, 1937, 84, 366; Beynon, Sharples, and 

Spring, J., 1938, 1233; Kitasato, Acta Phytochim., 1938, 10, 239 ; 

Ruzicka et al., Helv. Chim. Acta, 1938, 21, 1735; Chem. and Ind., 1938, 57, 1210; Picard, 

Sharples, and Spring, ibid., 1939, 58, 58). A detailed study is now being made of the optical 

and chemical properties of the compounds described in this paper, in the expectation that 
unequivocal evidence will be obtained bearing on the structure of (I) 


EXPERIMENTAL. 
(Melting points are uncorrected; specific rotations were measured in chloroform.) 


Improved Preparation of the Compound C,,H,,OS (I).—A solution of $-amyrin benzoate 
(20 g.) and sulphur (10 g.) in benzyl acetate (60 c.c.) was refluxed (220—225°) under nitrogen for 
4—4} hours. The product was precipitated by addition of methyl alcohol-ethyl alcohol (2 
vols., 1: 1), recrystallised from benzene-alcohol, and hydrolysed as previously described (J., 
1938, 1316). The yield of pure product (m. p. 202—203°) was 75% of the theoretical. 

Improved Preparation of the Keto-acetate (III).—A solution of potassium permanganate 
(30 g.) in water (600 c.c.) was added during 2—2} hours with stirring to a solution of the acetate 
(II) (20 g.) in glacial acetic acid (600 c.c.), care being taken to prevent the temperature 
(20°) from rising appreciably. After a further hour the solution was poured into water (2 1.), 
made acid to Congo-red with dilute sulphuric acid, and decolorised with sodium bisulphite. 
The suspension was then extracted with ether and the extract, after being washed with water 
and 2% sodium hydroxide solution, was dried and evaporated. The residue crystallised rapidly 
from methyl alcohol, and one recrystallisation yielded the practically pure keto-acetate, m. p. 
233—234°, in 40—48% yield. 
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Diketone, Cy5H,,O, (V).—A solution of the ketone (IV) (0-5 g.) in acetic acid (20 c.c.) and 
water (2 c.c.) was treated with chromic anhydride (0-2} g.) in acetic acid (14 c.c.) and water 
(1 c.c.), added at room temperature with stirring during 35 minutes. After 2 days the diketone 
was precipitated with water and recrystallised from aqueous alcohol or methanol, separating in 
long needles, m. p. 289—290° [272° when mixed with (IV)], [«]>° — 94° (J = 1, c = 0-56) (Found : 
C, 80-1; H, 9-3. C, 9H,,O, requires C, 79-9; H, 9-4%). 

The monosemicarbazone crystallised from benzene-alcohol in small needles, m. p. 287—289° 
(decomp.) (272—282° when mixed with the diketone) (Found: C, 73-4; H, 91; N, 8-3. 
C,,H,,0,N, requires C, 73-3; H, 8-95; N, 8-3%). 

Diketo-lactone, CsgHygO, (VIII).—A solution of chromic anhydride (1-5 g.) in water (4-5 c.c.) 
and acetic acid (25-5 c.c.) was added during }? hour with stirring to a solution of the lactone 
(VII) (4 g.) in acetic acid (90 c.c.) and water (10 c.c.) at room temperature. After 12 hours, 
water was added and the precipitated material was washed with hot water and crystallised 
from aqueous alcohol and then from benzene-light petroleum, from which the diketo-lactone 
separated in soft needles or hard prisms (according to the rate of crystallisation), m. p. 250-5— 
252°; from acetone it separated in long silky needles. [a]}** + 66° (J = 1, c = 3-93) (Found: 
C, 77-0; H, 8-9. Cy 9H, O, requires C, 77-5; H, 8-7%). 

The same compound was obtained in approximately the same yield (60%) when the oxid- 
ation was carried out at 40°; at 70° the diketo-lactone underwent further oxidation. 

The monoxime crystallised from chloroform-alcohol in small prismatic needles, m. p. 307— 
310° (decomp.) (Found: C, 74-5, 74°8; H, 9-1, 9-0; N, 2-9. Cg 9H,,O,N requires C, 75-1; 
H, 8-6; N, 2-9%). 

Nitro-compound, CygH,,O,N, (IX).—(a) The keto-alcohol (IV) (1 g.) was warmed slightly 
with concentrated nitric acid (10c.c.). After the initial reaction had subsided, the solution was 
heated in boiling water; a further rapid evolution of oxides of nitrogen occurred, and after 
10 minutes a crystalline product separated. After being heated for a further 20 minutes the 
suspension was cooled. The mitro-compound was crystallised once from dilute acetic acid, 
and then from aqueous acetone, from which it separated in heavy irregular prisms, m. p. 219— 
220° (decomp.). Yield, 50%. [a]}* — 87° (1 = 1, c = 2-01) [Found: C, 66-7, 66-7, 66-9, 66-4; 
H, 7-5, 7-6, 7-5, 7-35; N, 5-1, 5-2 (several preparations). C,,H,,O,N, requires C, 66-4; H, 
7:8; N, 52%]. The compound gave negative tetranitromethane and Liebermann—Burchard 
reactions, and was recovered unchanged after treatment with diazomethane. 

(b) The diketone (V) (250 mg.) was treated with concentrated nitric acid (2-5 c.c.). No 
oxidation occurred on slight warming, but at 100° a brisk reaction took place. The product 
crystallised after 10 minutes, and was purified, after a further 20 minutes’ heating, as described 
above. It had m. p. 218—219° (decomp.) both alone and when mixed with the sample prepared 
by method (a). [a]}*° — 86° (J = 1, c = 2-35) (Found: C, 66-8, 66-8; H, 7-8, 7-6; N, 5-0%). 

Nitro-compound, CygHyO,N, (X).—(a) The lactone (VII) (300 mg.) was treated with 
concentrated nitric acid (3 c.c.), oxidation commencing after a few minutes at room temperature. 
The subsequent procedure was exactly as for the preparation of the nitro-compound (IX); the 
pure compound crystallised from aqueous acetone in sheaves of long needles, m. p. 223-5— 
224-5° (decomp.). [a]?” + 49° (J = 1, c = 2-50) (Found: C, 65-3; H, 7-4; N, 4:5%). 

(b) On addition of concentrated nitric acid (5 c.c.) to the diketo-lactone (VIII) (0-5 g.), no 
oxidation occurred at room temperature or on slight warming [as was also the case in the prepar- 
ation of (IX) from the diketone (V)]. Oxidation was carried out under the conditions already 
specified, the product forming long needles from aqueous acetone, m. p. 223-5—224° (decomp.) 
either alone or mixed with the specimen prepared as in (a). [a]}* + 45° (J = 1, ¢ = 2-7) 
(Found : C, 65-15, 65-0; H, 7-7, 7-6; N, 4-7. CsygHygO,N, requires C, 64-7; H, 7-2; N, 5-0%). 
The compound was unaffected by diazomethane in ether—acetone solution. 

(c) A solution of the compound (IX) (100 mg.) in acetic acid (5 c.c.) was oxidised at 95° 
with a solution of chromic anhydride (100 mg.) in water (0-3 c.c.) and acetic acid (4 c.c.), added 
in portions during }hour. After a further } hour water was added, and the precipitated material 
recrystallised from aqueous acetone. It separated in sheaves of long needles, m. p. 224—224-5° 
(decomp.) both alone and when mixed with the product prepared by method (b). [a«]}” + 50° 
(¢ = 1,¢ = 1-77). 

Oxidation of the Lactone (VII) with Chromic Anhydride—-Sulphuric Acid.—The lactone (4 g.) 
was dissolved in glacial acetic acid (100 c.c.) and concentrated sulphuric acid (3-5 c.c.), and a 
solution of chromic anhydride (4 g.) in water (6 c.c.) and acetic acid (60 c.c.) added with stirring 
during 50 minutes; the temperature rose from 20° to 30°. After 3 hours the solution was 
diluted with water and extracted with ether. The extract was washed with water and 2% 
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sodium hydroxide solution, dried, and evaporated. The residue (about 3% of the weight of 
lactone used) crystallised from aqueous methanol, and after several crystallisations from this 
solvent or from aqueous acetone the acetate (VI) was obtained in small irregular lamin, m. p. 
282—-283° after slight previous shrinking. Its identity was confirmed by conversion into 
the free lactone (VII), m. p. and mixed m. p. 309—310° (decomp.). 

The foregoing alkaline solution was re-extracted with ether (this extraction removed no 
ether-soluble material), and then acidified to Congo-red with hydrochloric acid and again 
extracted with ether. A solution in dilute acetic acid of the residue obtained by evaporation 
of the latter extract slowly deposited the new Jactone (XI), which separated from methyl] alcohol 
in brittle needles, m. p. 259—260°. The yield was somewhat variable, but in no case exceeded 
“10%. [ajp — 271° (1 = 1, c = 2-21) [Found (two preparations): C, 76-4, 76-4, 76-55; H, 
8-8, 8-7, 8-6; M (Rast), 505, 501. C,,H,,0, requires C, 76-7; H, 8-7%; M, 438]. The lactone 
did not react with diazomethane in ether—acetone solution, and it gave negative tetranitro 
methane and Liebermann—Burchard reactions. 

The original acetic acid filtrate from the lactone (XI) was diluted with water, and the 
precipitated acids isolated by means of ether. The mixture (the main bulk of the total oxidation 
products) showed no tendency to crystallise, but on treatment with diazomethane yielded a 
mixture of esters, which crystallised from aqueous methyl alcohol. Recrystallisation (aqueous 
methanol) of the mixture gave as the main fraction (25% of the weight of lactone oxidised) the 
dimethyl ester (XII), which formed large, brittle, elongated laminez, m. p. 216-5—217-5°. 
[a] — 31-7° (1 = 1, c = 2-86) (Found: C, 70-9; H, 8-5; OMe, 11-3. C,,H,,O, requires C, 
71-1; H, 8-2; OMe, 11-5%). 

Hydrolysis of the Lactone (X1).—The lactone (180 mg.) was refluxed for 7 hours with alcoholic 
potassium hydroxide (12c.c. of 12%). The solution was largely diluted with water and extracted 
with ether, but only a negligible quantity of ether-soluble material was obtained. The alkaline 
solution was acidified with acetic acid, and the product collected with ether. This material 
consisted of a mixture of unchanged lactone and the related acid, the former (approximately 
40 mg.) being isolated by crystallisation from ether, in which it was sparingly soluble, and 
identified by m. p. and mixed m. p. The methyl ester (XIII) of the corresponding acid was 
prepared by treatment with diazomethane of the ethereal filtrate from the lactone; it crystallised 
in large soft plates from aqueous acetone, m. p. 210—211° (Found: C, 73-9, 74-0; H, 8-9, 
8-9; OMe, 7-4, 6-9. C,9H,,O, requires C, 74-0; H, 9-0; OMe, 6-6%). 

Oxidation of the Keto-acetate (III) with Chromic Anhydride-Sulphuric Acid.—Chromic 
anhydride (4 g.) in acetic acid (40 c.c.) and water (8 c.c.) was added in portions during } hour to 
a solution of the acetate (III) (4 g.) in acetic acid (80 c.c.) and concentrated sulphuric acid 
(4c.c.). After 12 hours the mixture was left for 2 days at 30° and then, after addition of methyl 
alcohol, diluted with water and extracted with chloroform-ether. After being washed with 
water, the extract was separated into acid and neutral fractions with 2% sodium hydroxide 
solution. The neutral solution was dried and evaporated, and the crystalline residue digested 
with methyl alcohol. The insoluble fraction, after two recrystallisations from benzene-alcohol, 
yielded the new acetate (XIV) in small soft leaflets, m. p. 342—344° (decomp.). [a]}” + 63° 
(} = 1, c = 1-71) (Found: C, 73-4, 73-5; H, 8-8, 8-9. C,,H,,O, requires C, 73-2; H, 85%). 
Yield, 25%. It was recovered unchanged after being refluxed for 4 hours with hydroxylamine 
acetate in benzene—alcohol. 

The methyl-alcoholic filtrate from (XIV) was concentrated, and the product recrystallised 
from methyl alcohol, from which the lactone acetate (VI) separated in plates, m. p. 282—284°, 
not depressed by an authentic specimen. 

Alcohol, Cy5HygO; (XV).—200 Mg. of the acetate (XIV) were heated under reflux with (a) 
0-1N-alcoholic potassium hydroxide (50 c.c.) for 2 hours, and (b) 2Nn-alcoholic potassium 
hydroxide (12 c.c.) for 3} hours. The product was isolated in each case by precipitation with 
water, and recrystallised from aqueous acetone—alcohol, from which the alcohol separated in 
small opaque cubes or prisms, m. p. 337—-339° (decomp.) after previous shrinking; a mixture 
of this compound with (XIV) had m. p. 312—317°. [a«]i*° + 26-7° [sample from (a)], + 27-4° 
{sample from (b)],(/ = 1, c = 0-78, 1-78 in pyridine). The alcohol was sparingly soluble in cold 
chloroform (Found: C, 74-6; H, 9-1. C, 9H,,0O, requires C, 74-6; H, 8-8%). 


UNIVERSITY OF LoNDON, KiNnG’s COLLEGE. [Received, February 15th, 1939.] 
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156. The Preparation and Reactions of Some Arylsulphonylbenz- 
isothiazolones. 


By R. G. Bartiett, L. E. Hart, and E. W. McCLeLianp. 


The preparation of l-arylsulphonylbenzisothiazolones by condensation of the chlor- 
ination product of 2: 2’-dithiobenzoyl chloride with arylsulphonamides and the 
formation of the same substances and of 2-arylsulphonyloxybenzisothiazoles by the 
action of arylsulphony] chlorides on the unsubstituted benzisothiazolone are described. 
The ring fission of the 1-arylsulphonylbenzisothiazolones has been investigated. 


1-ARYLSULPHONYLBENZiSOTHIAZOLONES of the type (II; R’ = R” =H, R=C,H,; or 
p-C,.H,Me) may be obtained readily by chlorinating 2 : 2’-dithiobenzoyl chloride and 
condensing the product (I) with the requisite sulphonamide in presence of pyridine (compare 
McClelland and Gait, J., 1926, 921). When 2-thiolbenzoic acid is chlorinated in presence 
of ferric chloride (compare Hart, McClelland, and Fowkes, J., 1938, 2114), and the product 
condensed with an arylsulphonamide, the 4-chloro-l-arylsulphonylbenzisothiazolone 
(II; R’ =Cl, R’ = H, R= C,H, or p-C,H,Me) and the 4 : 6-dichloro-l-arylsulphonyl- 
benztsothiazolone 8 ; R’=R” =(Cl, R= C,H,) result. 
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The 1-arylsulphonylbenzisothiazolones (II; R’ = R” = H, R=C,H, or p-C,H,Me 
and R’ = Cl, R” = H, R = C,H;) appear to be less stable to alkaline reagents than the 
l-alkyl or l-aryl derivatives; they undergo hydrolytic ring fission with sodium hydroxide, 
yielding the corresponding disulphides (IV), evidently formed by way of the unstable 
sulphenic acid (III), and with aniline they give compounds to which the formula (VII) is 
assigned. 1-Phenylbenzésothiazolone is unaffected by similar treatment with aniline. 

Acid hydrolysis of the 1-arylsulphonylbenzisothiazolones (II; R’ = R” =H, 
R = C,H, or p-C,H,Me and R’ = Cl, R” = H, R = C,H,) eliminates the arylsulphonyl 
group, giving the corresponding benzisothiazolones (II, with H in place of SO,R). 

The disulphides (IV; R’ = R” = H, R = C,H, or #-C,H,Me and R’ = Cl, R” = H, 
R = C,H,) were also obtained by reduction of the appropriate benzisothiazolones. Oxid- 
ation of the l-arylsulphonylbenzisothiazolones (II; R’ = R” = H, R=C,H; or #- 
C,H,Me) gives the corresponding o-benzoicsulphinides (II; with SO, in place of S). 

Treatment of benzisothiazolone (V; R’ = R” = H) with the appropriate sulphonyl 
chloride also gives the l-arylsulphonyl derivatives (II; R’ = R” = H, R = C,H, or 
p-C,H,Me), but in poor yield. The main product of the reaction is the O-arylsulphony]l 
derivative (VI; R’ = R” = H, R=C,H, or p-C,H,Me). The simultaneous formation 
of N- and O-arylsulphonyl derivatives from benzisothiazolone is ‘in accord with 
its tautomeric character (compare McClelland and Longwell, J., 1923, 123, 3310; Reissert 
and Manns, Ber., 1928, 61, 1308; Reissert, ibid., p. 1680) and is in contrast with its 
behaviour in acetylation, whereby only one acetyl derivative is formed. This acetyl 
derivative is evidently the N-acetyl derivative (II; R’ = R” = H, Ac in place of SO,R), 
since it has now been obtained by condensation of 2-chlorothiolbenzoyl chloride (I) with 
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acetamide in pyridine. The N-acetyl derivative is also formed by the action of acetyl 
chloride on the sodium salt of benzisothiazolone or on the substance itself in presence of 
pyridine. The formation of the O-acetyl derivative was not detected in these experiments. 


EXPERIMENTAL. 


1-p-Toluenesulphonylbenzisothiazolone (II; R’ = R” = H, R = p-C,H,Me).—A chlorinated 
solution of 2 : 2’-dithiobenzoyl chloride (40 g.) in carbon tetrachloride (320 c.c.) was added with 
stirring to a solution of p-toluenesulphonamide (40 g.) in pyridine (75 c.c.). The mixture was 
poured into an excess of 2N-hydrochloric acid and the solid product was collected and boiled 
with water. It crystallised from acetic acid in colourless needles (35 g.), m. p. 207° (Found : 
C, 55-2; H, 3-6. C,,H,,O,NS, requires C, 55-0; H, 3-6%). Refluxed for 1 hour with sulphuric 
acid (60%), it gave benzisothiazolone. 

1-p-Toluenesulphonylbenzisothiazolone (2 g.) in acetic acid (16 c.c.) and hydrogen peroxide 
(2-2 c.c., 90—100 vol.), after being heated at 100° for 45 minutes, on cooling and addition of 
water, gave N-p-toluenesulphonyl-o-benzoicsulphinide, which crystallised from alcohol in colour- 
less needles, m. p. 214° [Found: C, 49-9; H, 3-3 (Schoeller). C,,H,,O,;NS, requires C, 49-8; 
H, 33%]. 

1-Benzenesulphonylbenzisothiazolone (Il; R’ = R” =H, R=C,H,;), prepared in a similar 
way to the #-toluenesulphonyl derivative, crystallised from acetic acid in colourless prisms, 
m. p. 218° (Found: C, 53-5; H, 3-2. C,s;H,O,NS, requires C, 53-6; H, 3-1%). On oxidation 
as in the previous experiment it gave a material which had m. p. 202° alone or mixed with 
authentic N-benzenesulphonyl-o-benzoicsulphinide (compare J., 1938, 2114). It gave benz- 
isothiazolone on refluxing with sulphuric acid (60%). 

4-Chloro-1-benzenesulphonylbenzisothiazolone (II; R’ = Cl, R’” =H, R = C,H,;).—Chlorine 
was passed through a suspension of 2-thiolbenzoic acid (25 g.) and anhydrous ferric chloride 
(1-26 g.) in carbon tetrachloride (200 c.c.) until solution was almost complete; the free chlorine 
was then removed by nitrogen. The solution was filtered, mixed with benzenesulphonamide 
(25 g.) in pyridine (45 c.c.), and poured into an excess of 2n-hydrochloric acid. The product 
crystallised from acetic acid in colourless needles (25 g.), m. p. 205° [Found: C, 47-9; H, 2-5; 
S, 19-7; Cl, 10-7 (Schoeller). C,;H,O,NCIS, requires C, 47-9; H, 2-5; S, 19-7; Cl, 10-9%]. 
It gave 4-chlorobenzisothiazolone (compare J., 1938, 2114) on hydrolysis with sulphuric acid 
(60%). 

_ 4: 6-Dichloro-1-benzenesulphonylbenzisothiazolone (Il; R’ =R”’=Cl, R=C,H,) was 
obtained by evaporation of the carbon tetrachloride solution from the above preparation. It 
ted from acetic acid as a white amorphous powder, m. p. 162° [Found: C, 43-3; H, 

2-2; Cl, 19-6 (Schoeller). C,,H,O,NCI1,S, requires C, 43-3; H, 2-0; Cl, 19-7%]. 
4-Chloro-1-p-toluenesulphonylbenzisothiazolone (II; R’=Cl, R”’ =H, R= p-C,H,Me), 
prepared in a similar way to the benzenesulphony] derivative, crystallised from acetic acid in 
colourless needles, m. p. 203° (Found: C, 49-5; H, 3-4. C,,H,gO,;NCIS, requires C, 49-5; 

H, 3-0%). 

Reaction of Benzisothiazolone with Arylsulphonyl Chlorides.—Benzisothiazolone (2 g.) and 
benzenesulphony] chloride (2-4 g.) in pyridine (6 c.c.) were heated for 30 minutes at 100°. The 
product was poured into 2n-hydrochloric acid and the precipitate was collected and dissolved 
in hot alcohol. On cooling, 1-benzenesulphonylbenzisothiazolone was deposited, m. p. (after 
purification) and mixed m. p. 218—219°. The alcoholic mother-liquor was evaporated to 
dryness, and the residue washed with warm 2n-sodium hydroxide and water. The 2-benzene- 
sulphonyloxybenzisothiazole (VI; R’ = R” =H, R =C,H,) thus obtained crystallised from 
alcohol in colourless needles, m. p. 68° (Found: C, 53-3; H, 3-0. C,;H,O,NS, requires C, 
53-6; H, 3-1%). 

The toluenesulphonyl derivatives were obtained in a similar way. 2-p-Toluenesulphonyloxy- 
benzisothiazole (V1; R’ = R” =H, R = p-C,H,Me) crystallised from alcohol in colourless 
prisms, m. p. 96° (Found: C, 55-1; H, 3-8; N, 4:8. C,,H,,O,NS, requires C, 55-0; H, 3-6; 
N, 46%). 

A solution of 2-p-toluenesulphonyloxybenzisothiazole (0-5 g.) in acetic acid (5 c.c.) and 
hydrogen peroxide (2 c.c., 90—100 vol.) was heated for 30 minutes at 100°; on dilution with 
water o-benzoicsulphinide separated. 2-p-Toluenesulphonyloxybenzisothiazole (0-5 g.) was 
refluxed for 1 hour in sulphuric acid (10 c.c. of 60%) or heated with alcoholic sodium ethoxide ; 
benzisothiazolone was obtained in both cases. 

2 : 2’-Bis-p-toluenesulphonylcarbamyldiphenyl disulphide (IV; R'’=R”’ =H, R=?p- 
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C,H,Me) was obtained by passing hydrogen sulphide through a boiling alcoholic solution of 
1-p-toluenesulphonylbenzisothiazolone. It crystallised from acetic acid in colourless needles, 
m. p. 218° (Found: C, 54:5; H, 3-9. C,,H,,O,N,S, requires C, 54-9; H, 3-9%). 

2 : 2'-Bisbenzenesulphonylcarbamyldiphenyl disulphide (IV; R’ = R” = H, R = C,H;) was 
prepared in a similar way to the p-toluenesulphony]l derivative. It was also obtained as follows : 
1-benzenesulphonylbenzisothiazolone (4 g.) in acetic acid (100 c.c.) containing concentrated 
hydrochloric acid (2 c.c.) and zinc dust (2 g.) was refluxed for 2 hours. The solid was removed 
and to the warm filtrate ferric chloride (6 g.) was added; the product was washed with water 
and crystallised from acetic acid, forming colourless needles, m. p. 225—227° (Found: C, 
53-1; H, 3-4. CygH,,.O,N,S, requires C, 53-4; H, 3-4%). 

4: 4'-Dichloro-2 : 2'-bisbenzenesulphonylcarbamyldiphenyl disulphide (IV; R’ = Cl, R” = H, 
R = C,H;), obtained from 4-chloro-1-benzenesulphonylbenzisothiazolone in a similar way to 
the foregoing disulphides or by treatment in acetic acid with hydriodic acid (d 1-7) at 100° for 
a few minutes, crystallised from acetic acid in colourless needles, m. p. 225° (Found: C, 47-5; 
H, 2-7; Cl, 11-0. C,.H,,0,N,CI,S, requires C, 47-8; H, 2-8; Cl, 10-9%). 

These three disulphides were also obtained by boiling the corresponding benzisothiazolones 
with 2n-sodium hydroxide and acidifying the product. 

2-A nilinothiobenzobenzenesulphonylamide (VII; R’ = R’’ =H, R= C,H;).—1-Benzene- 
sulphonylbenzisothiazolone (1 g.) was heated with aniline (3 c.c.) at 100° for 3 hours, and the 
mixture poured into an excess of 2N-hydrochloric acid. The precipitate crystallised from 
aqueous alcohol in colourless needles, m. p. 167° (Found: C, 59-2; H, 4:0. C,).H,,0;N,S, 
requires C, 59-3; H, 4:2%). 

2-A nilinothiobenzo-p-toluenesulphonylamide (VII; R’ = R” = H, R = p-C,H,Me), prepared 
in a similar way, crystallised from aqueous alcohol in colourless needles, m. p. 187° (Found : 
C, 60-4; H, 4-5. C,,.H,,0,N,S, requires C, 60-3; H, 4-6%). 

5-Chloro-2-anilinothiobenzobenzenesulphonylamide (VII; R’' =Cl, R” =H, R=C,H;), 
prepared from 4-chloro-1-benzenesulphonylbenzisothiazolone, crystallised from aqueous methyl 
alcohol in colourless needles, m. p. 167° (Found: C, 54-4; H, 4:0; S, 15-7. CygH,,;03;N,CIS, 
requires C, 54-5; H, 3-6; S, 153%). 

1-Acetylbenzisothiazolone identical with that obtained by acetylation of benzisothiazolone 
with acetic anhydride was obtained in the following experiments: (i) 2: 2’-Dithiobenzoyl 
chloride (5 g.) in carbon tetrachloride (40 c.c.), after chlorination in the usual way, was mixed 
with a solution of acetamide (1-8 g.) in pyridine (9 c.c.). The product was poured into 2Nn- 
hydrochloric acid, and the solid collected and purified; m. p. 139°. (ii) A suspension of the 
sodium salt of benzisothiazolone in benzene and acetyl chloride (1-2 mols.) was refluxed for 4 
hours. The solution was filtered and evaporated to dryness; the residue after purification had 
m. p. 139°. (iii) Benzisothiazolone (1 g.) in pyridine was cooled in ice, and acetyl chloride 
(0-5 c.c.) added. After 15 minutes the product was treated as in (i). Mixtures of the three 
specimens showed no depression in m. p. 


KinGc’s CoLLeGE, LONDON. [Received, February 16th, 1939.) 





157. The Organic Compounds of Gold. Part VII. Methyl and 
Ethyl Compounds. 


By FREDERICK H. BRAIN and CHARLES S. GIBSON. 


Dimethylmonoiodogold and certain derivatives, the simplest compounds in this 
series so far described, have been prepared. Their melting and decomposition points 
are, in general, the highest in the series of methyl, ethyl, »-propyl and n-butyl com- 
pounds. 

Certain new derivatives of diethylmonobromogold have also been investigated 
chiefly with a view to preparing a stable compound containing 5-covalent auric gold. 
Such a stable compound has not been obtained. 


THE first organic gold compounds to be described (Pope and Gibson, J., 1907, 91, 2061) 
were diethylmonobromogold and certain of its derivatives; but the earliest experiments 
(June, 1907) were attempts to prepare a methyl compound. Actually, in these experi- 
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ments, from the action of methylmagnesium iodide on ethereal solutions of hydro- 
chloroauric and hydrobromoauric acids, a benzene solution of a gold compound containing 
iodine and carbon was obtained and, on one occasion, the compound was isolated in the 
crystalline but not pure condition. Since diethylmonobromogold, prepared later, was 
more easily isolated, the possibility of isolating a methyl compound was deferred. In 
order to facilitate the X-ray crystallographic study of organic gold compounds it has 
become all the more desirable to reinvestigate the preparation of methyl derivatives and, 
chiefly as a result of our much greater knowledge of organic gold compounds, accumulated 
during the last few years, this has been rendered comparatively easy. 

When an ethereal solution of methylmagnesium iodide is allowed to react with 
pyridinotrichlorogold suspended in dry pyridine, and the product worked up in a manner 
based on that finally adopted for the preparation of diethylmonobromogold (Burawoy and 
Gibson, J., 1934, 860), dimethylmonotodogold (I) having the empirical formula (CH;),AuI 
is obtained. The compound crystallises in colourless, doubly refracting needles which 
have a higher melting-decomposition point than the diethyl analogue (Gibson and Simonsen, 
J., 1930, 2536) : di-n-propyl- and di-n-butyl-monobromogold are liquids at the ordinary 
temperature. The crystals are much harder and more easily manipulated than those of 
diethylmonobromogold, the only compound of this type so far submitted to X-ray 
crystallographic examination (Burawoy, Gibson, Hampson, and Powell, J., 1937, 1690). 
The compound is soluble but not stable in benzene at the ordinary temperature and this 
explains the failure to isolate it in the pure state in the experiments of thirty years ago. 
Nevertheless, it is possible to determine the molecular weight in freezing benzene and this 
is twice that corresponding to the empirical formula, indicating the correctness of the 
constitutional formula assigned to the compound. 
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Dimethylmonoiodogold has been further identified by conversion into the colourless 
stable salt, ethylenediaminodimethylgold iodide (11), which is utilised in the isolation of the 
parent substance. When an aqueous solution of this salt is acidified with hydrochloric 
acid, the parent substance is immediately precipitated and this is soluble in ligroin. If 
hydriodic acid is used, the colourless stable non-electrolyte, monoethylenediaminotetra- 
methyldi-tododigold (IIi), practically insoluble in ligroin, is obtained. The corresponding 
compound from diethylmonobromogold cannot be prepared in this way and, indeed, all 
attempts to isolate it have failed (see below). On the other hand, monoethylenediamino- 
tetra-n-propyldibromodigold is easily obtained and its decomposition has been studied 
in some detail (Burawoy and Gibson, J., 1935, 219). Apart from the fact that the compound 
(III) has no melting point, its behaviour when suspended in warm benzene or when its 
solutions in other solvents are heated appears to be similar to that of the above tetra-n- 
propyl compound. 

The preparation of dibenzylsulphidodimethylmonoiodogold (IV) is not attended by any 
reduction of the gold compound. By interaction of dimethylmonoiodogold with thallous 
acetylacetone dimethylgoldacetylacetone (V) is readily prepared. It has a much higher 
melting point than the diethyl analogue (Gibson and Simonsen, Joc. cit.) and, although it is 
light-sensitive, its sensitivity is much less. Its solution in ethyl alcohol remains colourless 
in the dark and when exposed to light it becomes intensely blue by transmitted light and 
brown by reflected light. This change takes place more rapidly in the light of a mercury 
vapour lamp and a gold film is produced on the sides of the glass vessel, the solution 
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retaining its blue colour after six days. When dimethylgoldacetylacetone is decomposed 
with hydrobromic acid, dimethylmonobromogold, analogous to (I), is obtained. This is a 
colourless crystalline compound having a higher melting-decomposition point than the 
corresponding diethyl compound and when it is treated with bromine it is converted into 
monomethyldibromogold (V1), which crystallises in deep red prisms. It decomposes in an 
analogous manner to the corresponding ethyl and ”-propyl compounds and is presumably 
similar to them in constitution (Gibson and Burawoy, oc. cit.). 

Although it has not been possible to prepare a co-ordination compound of diethyl 
sulphide and diethylmonobromogold (not less than 88% of the latter being recovered 
unchanged), the colourless crystalline dibenzylsulphidodtethylmonobromogold (VII), 
analogous to (IV), is easily obtained and not more than one molecular proportion of 
dibenzyl sulphide will combine with one Et,AuBr unit. This indicates that there is no 
tendency of formation of a non-electrolyte containing 5-covalent auric gold or of a salt 
which would contain 4-covalent auric gold. Neither does dibenzylsulphidodiethylmono- 
bromogold combine with quinoline, and when treated with ethylenediamine it is decomposed 
and ethylenediaminodiethylgold bromide is produced. 

The anomaly of the apparent non-existence of a non-electrolyte in the diethyl series 
derived from ethylenediamine and analogous to compound (III) still remains. In 
investigating this, mono-(88’-diaminodiethyl ether)tetraethyldtbromodigold (VIII) and mono- 
NN-diethylethylenediaminotetraethyldibromodtigold (IX) have been obtained: their prepar- 
ation makes the non-existence of the monoethylenediamino-compound all the more obscure. 


(VII.) Aut nafs H,°C,H,°O°C,H,-NH i ar (VIIL.) 
? » Je 2-2**4 2**4 2 
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(X.) (XI.) 


Compounds (VII) and (IX) are colourless non-electrolytes which decompose at their melting 
points with evolution of gas in a similar manner to monoethylenediaminotetra-n-propyldi- 
bromodigold. Compound (IX), in which a tertiary nitrogen atom in an aliphatic compound 
exhibits co-ordinating power, is closely related to NN-dtethylethylenediaminodiethylgold 
bromide (X), a colourless crystalline salt the aqueous solution of which contains bromide 
ions; its molecular weight in water shows that normal dissociation has taken place. On 
the other hand, this compound is also soluble in such solvents as benzene and bromoform, 
in which it behaves as a non-electrolyte. To explain its solubility in non-polar solvents 
it is assumed that in these solvents it exists as a non-electrolyte to which constitution 
(XI), NN-diethylethylenediaminodiethylmonobromogold, is assigned in keeping with the 
known lesser co-ordinating power of the tertiary nitrogen atom. This change i is reversible, 
since on recovery of the compound from its solutions in benzene, etc., it is again soluble in 
water. In addition, the molecular weights of this compound i in freezing benzene and in 
freezing bromoform show that it is considerably associated in these solvents, the molecular 
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weight increasing with increasing concentration. This association may be explained 

by the annexed formula, in which associated state the auric gold atoms 2, 3, etc. are 5- 

covalent and have an effective atomic number of 

NEt, NEt, NEt, 86 (the atomic number of radon) and the auric 

gold atom 1 would have its usual co-ordination 

‘ih Hy 2H, number of four provided that ring formation is 

NH NH NH excluded. Although there is thus evidence as 

. te 3 re 3 to the nature of the compound in aqueous solution 

Ri: Ties “a ) as cal ) Sara and in solution in non-polar solvents, there is 

none concerning its constitution in the solid state. 

nh Et aS When compound (IX) interacts with pyridine, 

pyridinodiethylmonobromogold (Gibson and 

Simonsen, Joc. cit.), which is insoluble in water, is obtained together with a second 

product, which is soluble in water and also in benzene and is presumably compound (X). 

The possibility of obtaining a 5-covalent auric gold compound has also been explored 

by investigating the nature of the product formed by diethylmonobromogold with 2 : 2’- 

dipyridyl. If there should be a tendency for auric gold to become 5-covalent, a non- 

electrolyte might be formed in which one molecule of dipyridyl is co-ordinated to one 

Et,AuBr unit. When the preparation is carried out with these quantities, dipyridyl 

remains in excess. The product isolated is 2 : 2’-dipyridyltetraethyldibromodigold (XII), 

and there is no evidence of the formation of the salt which would have the same empirical 

formula and be 2: 2’-dipyridyldiethylgold bromide. When compound (XII) is treated 

with ethylenediamine, ethylenediaminodiethylgold bromide is produced with elimination 

of 2 : 2’-dipyridy]l. 

This investigation has shown the small tendency—if any—of auric gold to become 

5-covalent in this series of compounds. 


t 


EXPERIMENTAL. 

Dimethylmonoiodogold (1).—Pyridinotrichlorogold (19 g.) was dissolved by heating in dry 
pyridine (150 c.c.), and the solution cooled in a freezing mixture. To the cold suspension of 
dipyridinodichlorogold chloride thus obtained, methylmagnesium iodide, prepared from 
magnesium (3-65 g.), methyl iodide (22 g.), and ether (100 c.c.), was slowly added; throughout 
these operations and for 10 minutes thereafter, vigorous mechanical stirring was maintained. 
Water (100 c.c.) was then slowly added, followed by ligroin (b. p. 60—80°, 150 c.c.) and con- 
centrated hydrochloric acid (200 c.c.). After 10 minutes the liquids were filtered, the ligroin 
layer separated, and the clear aqueous solution extracted ten times with ligroin. The ligroin 
solution, after being washed thrice with water, was treated with ethylenediamine until no further 
precipitate (ethylenediaminodimethylgold iodide) was produced : this was thoroughly extracted 
with water. The filtered aqueous solution was then acidified with dilute hydrochloric acid, 
and the colourless flocculent precipitate separated, washed with water, and dried in a desiccator 
over phosphoric oxide (yield 4:3 g., 21%). The compound was purified by dissolving it in 
ligroin (b. p. 60—80°) and evaporating the filtered solution under reduced pressure at the 
ordinary temperature in a dry atmosphere. 

So obtained, dimethylmonoiodogold crystallises in colourless needles which melt at 78-5° to a 
dark red liquid which detonates violently. It is insoluble in water and soluble in organic 
solvents, although somewhat sparingly so in ligroin (b. p. 40—60°) and ethyi alcohol. When 
its solution in ethyl alcohol is treated with alkali, gold is deposited as a brilliant coherent film 
(Gibson, B.P. 497,240). In solution in benzene and in bromoform the compound decomposes 
slowly at the ordinary temperature, but by rapid working it is possible to determine the 
molecular weight in freezing benzene (Found: Au, 55-7; I, 35-8; M, 667. C,H,,I,Au, requires 
Au, 55-6; I, 35-9%; M, 708). 

Ethylenediaminodimethylgold Iodide (I1).—The above compound (I) (0-8 g.) was dissolved 
in ligroin (b. p. 60—80°, 10 c.c.), and a solution of ethylenediamine in absolute alcohol added 
until no further precipitation took place. The compound was separated, washed with ligroin 
(yield 0-86 g., 92%), and purified by addition of warm ligroin to a solution in absolute ethyl 
alcohol until crystallisation commenced. It was obtained in colourless needles, m. p. 168° 
(decomp.) (Found: C, 12-4; H, 3-2; N, 6-9; I, 30-3; Au, 47-7. C,H,,N,IAu requires C, 
11-6; H, 3-4; N, 68; I, 30-7; Au, 47-6%). 
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Ethylenediaminodimethylgold iodide is readily soluble in water and hot alcohol, but is 
decomposed in the latter solvent on prolonged boiling. 

Monoethylenediaminotetramethyldi-iododigold (III)—The mother-liquors from the purific- 
ation of compound (II) were evaporated to dryness in a dry atmosphere under reduced pressure, 
the residue (0-4 g.) dissolved in water (10 c.c.), and the filtered solution acidified with dilute 
hydriodic acid. The colourless precipitate was washed with water and dissolved in warm 
acetone, and ligroin (b. p. 60—80°) added until crystallisation commenced (yield, 0-15 g.). 
The compound (III) was obtained in colourless needles which decomposed without melting 
(Found: C, 9-4; H, 2-6; N, 3-4; Au, 51-3. C,H,.N,I,Au, requires C, 9-4; H, 2-6; N, 3-7; 
Au, 51-3%). 

The compound is insoluble in water, but soluble in acetone and ethylalcohol. Its conversion 
into a more sparingly soluble substance in benzene has been described and a similar change 
takes place, but more slowly, in warm alcohol and acetone. 

Dibenzylsulphidodimethylmonoiodogold (IV).—Compound (I) (0-4 g.), dissolved in ligroin 
(b. p. 60—80°), was mixed with dibenzyl sulphide (0-24 g.) in the same solvent (total, 15 c.c.). 
The solution was evaporated to dryness in a dry atmosphere; the gummy residue quickly 
crystallised. This was extracted with warm ligroin and from the filtered solution the compound 
(IV) crystallised in compact prisms in almost theoretical amount. It had m. p. 77—78° 
(decomp.) (Found: C, 34:0; H, 3-6; I, 22-4; S, 63; Au, 34-4. C,,H,,I[SAu requires C, 
33-8; H, 3-5; I, 22-4; S, 5-6; Au, 34-7%). 

Dimethylgoldacetylacetone (V).—Compound (I) (1 g.), dissolved in ligroin (b. p. 60—80°), 
was mixed with a filtered solution of thallous acetylacetone (0-97 g., slightly more than 1 mol.) 
in absolute alcohol (25 c.c.), and the thallous iodide separated. The filtrate was evaporated 
to dryness at the ordinary temperature under reduced pressure. A solution of the residue 
in ligroin was filtered from a small quantity of thallous compound and evaporated in a dry 
atmosphere under reduced pressure. The compound (V) was obtained in long colourless needles 
(0-8 g., 87%), m. p. 84° (Found: C, 25-0; H, 40; Au, 60-4. C,H,,0,Au requires C, 25-8; 
H, 4-0; Au, 60-4%). 

Dimethylgoldacetylacetone has a characteristic odour and a not inconsiderable vapour 
pressure at the ordinary temperature. The behaviour of its solutions in ethyl alcohol when 
exposed to light has already been described. 

Dimethylmonobromogold (as 1).—A solution of the above compound (V) (0-6 g.) in alcohol 
(2 c.c.) was made strongly acid with hydrobromic acid and then diluted with water and extracted 
with ligroin (b. p. 40—60°). The ligroin solution was washed with water, dried (calcium chloride), 
filtered, and evaporated in a dry atmosphere under reduced pressure at the ordinary temper- 
ature. The compound crystallised in long colourless needles, m. p. 68—69° (decomp.), the pure 
substance being obtained in 66% yield (Found: Br, 25-8; Au, 63-2. C,H,,Br,Au, requires 
Br, 26-1; Au, 64:2%). 

Monomethyldibromogold (V1).—A solution of dimethylmonobromogold (0-2 g.) in carbon 
tetrachloride (10 c.c.) was mixed with a solution of bromine in the same solvent (1-64 c.c. of 
1-05n) and kept for 72 hours. The colour gradually deepened and deep red, prismatic crystals 
separated. The solution was evaporated completely to dryness at the ordinary temperature, 
and the residue washed carefully with successive small quantities of carbon tetrachloride (Found : 
Au, 53-3. C,H,Br,Au, requires Au, 53-0%). 

The substance dissolves very readily in chloroform to a deep red solution and its other proper- 
ties have already been described. 

Dibenzylsulphidodiethylmonobromogold (V1II).—When concentrated solutions in ligroin (b. p. 
40—60°) of diethylmonobromogold (1 g.) and dibenzyl sulphide (0-64 g.) were mixed, the com- 
pound (VII) was immediately precipitated (1-3 g., 80%). It was recrystallised from methyl 
alcohol and obtained in colourless needles, m. p. 91° (Found: C, 39-4; H, 4-7; S, 5-3; Au, 
35-7. C,,H,,BrSAu_ requires C, 39-3; H, 4-4; S, 5-8; Au, 35-9%). 

No compound other than (VII) could be prepared from the above reactants and the com- 
pound was recovered unchanged when it was treated with an equimolecular quantity of quinoline 
in methyl-alcoholic solution. When a solution of the compound (0-4 g.) in chloroform was 
treated with a solution of ethylenediamine in absolute alcohol, the colourless precipitate obtained 
(0-25 g.) was ethylenediaminodiethylgold bromide (Found: Au, 49-1. Calc.: Au, 49-9%). 

Mono-(88'-diaminodiethyl ether)tetraethyldibromodigold (VIII).—A colourless oil, which 
gradually solidified, was precipitated when a solution of diethylmonobromogold (1 g.) in ligroin 
(b. p. 60—80°, 15 c.c.) was mixed with 6§’-diaminodiéthyl ether (0-16 g.) in absolute alcohol 
(0-5 c.c.). The solid (0-95 g.) after separation and washing with ligroin was dissolved in a small 
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quantity of warm chloroform and to the filtered solution ligroin was added until a faint turbidity 
was produced; crystallisation then took place in the ice-chest. The substance was 
obtained in colourless needles, m. p. 87° with evolution of gas (Found: Br, 20-5; Au, 50-1. 
C,,H;,ON,Br,Au, requires Br, 20-7; Au, 50-9%). The compound was insoluble in water and 
in aqueous solutions of §$’-diaminodiethyl ether. On warming with the latter, decomposition 
took place with the production of gold. 

Mono-NN-diethylethylenediaminotetraethyldibromodigold (IX).—Diethylmonobromogold (1 g.) 
in ligroin (b. p. 60—80°, 15 c.c.) was mixed with NN-diethylethylenediamine (0-18 g.) in 
absolute alcohol (1 c.c.). The compound (IX) separated immediately as a colourless oil which 
rapidly crystallised. It was recrystallised from benzene-ligroin and obtained in colourless 
needles, m. p. 83-5° with evolution of gas (Found: C, 21-7; H, 4:8; N, 3-2; Br, 20-5; Au, 
50-1. C,,H,,N,Br,Au, requires C, 21-4; H, 4-6; N, 3-6; Br, 20-4; Au, 49-9%). 

When the compound was suspended in water (10 c.c.), in which it was insoluble, and 
pyridine (0-14 g., 1 mol.) added, an oil separated which crystallised in the ice-chest. The colour- 
less substance, recrystallised from aqueous methyl alcohol (0-2 g.), had m. p. 64° and was 
pyridinodiethylmonobromogold (Gibson and Simonsen, Joc. cit., give m. p. 59—60°) (Found: 
Br, 19-2; Au, 47-7. Calc.: Br, 19-3; Au, 47-6%). The aqueous solution, when evaporated 
to dryness at the ordinary temperature, gave a residue which contained gold. It was not 
obtained crystalline, but, since it was readily soluble in water and also in benzene, it may have 
been NN-diethylethylenediaminodiethylgold bromide (see below). 

NN-Diethylethylenediaminodiethylgold Bromide (X).—NN-Diethylethylenediamine (0-35 g.) 
in absolute ethyl alcohol was added to a solution of diethylmonobromogold (1-0 g.) in ligroin 
(b. p. 60—80°, 15 c.c.) and the colourless oil which separated was extracted with water, in which 
it was easily soluble. The aqueous solution was evaporated to dryness over concentrated 
sulphuric acid in a desiccator, the residue dissolved in benzene, and ligroin added until a slight 
turbidity appeared; the compound (X) slowly crystallised in the ice-chest and after separation 
(1-0 g.) was dried in a desiccator. It had m. p. ca. 26° and was hygroscopic (Found: C, 27-0; 
H, 6-0; N, 6-5; Br, 18-0; Au, 43-6. C,,H,,N,BrAu requires C, 26-6; H, 5-8; N, 6-2; Br, 
17-7; Au, 43-7%). It dissolved readily in water, bromide ions being present in the solution; 
it also dissolved readily in benzene and in bromoform (Found: M, in water 215, in benzene 
2000, 2186, in bromoform 1003. C,,H,,N,BrAu requires M, 451). 

2 : 2’-Dipyridyltetraethyldibromodigold (XII).—When ligroin (b. p. 60—80°) solutions of 
diethylmonobromogold (0-7 g.) and 2 :2’-dipyridyl (0-33 g., 1 mol.) were mixed, a somewhat 
gummy precipitate (0-78 g.) was produced. This was separated, washed with ligroin, recrystal- 
lised from ethyl alcohol, and obtained in colourless needles, m. p. 169° (decomp.) (Found : 
C, 26-3; H, 3-4; N, 3-8; Au, 47-4. C,,H,,N,Br,Au, requires C, 26-1; H, 3-4; N, 3-4; Au, 
47:7%). The ligroin solution remaining after separation of the compound (XII) was evaporated 
to dryness; the residue (0-08 g.), after recrystallisation from ligroin (b. p. 40—60°), had m. p. 
71°, not depressed by authentic 2: 2’-dipyridyl. The compound (XII) (0-2 g.) was suspended 
in water (2 c.c.), ethylenediamine added, and the mixture gently warmed until solution was 
effected. Evaporation of this solution to dryness at the ordinary temperature and addition of 
chloroform to a solution of the residue in methyl alcohol gave colourless needles of ethylene- 
diaminodiethylgold bromide (Found: C, 18-1; H, 4-6; Au, 49-2. Calc.: C, 18-2; H, 4-6; 
Au, 49-9%) formed by elimination of 2 : 2’-dipyridyl. 


The expenses of this investigation have been borne by grants from the Government Grants 
Committee of the Royal Society and from Imperial Chemical Industries, Limited. 


Guy’s HospitaL MEpicaL ScHooL (UNIVERSITY OF LONDON), 
Lonpon, S.E. 1. [Received, February 16th, 1939.) 





158. The Retardation of Chemical Reactions. Part IX. The 
Stabilisation of Perchloroethylene for Medicinal Purposes. 


By KENNETH C. BAILEY. 


The photochemical oxidation of perchloroethylene may be retarded by thymol, 
ether, alcohol, thiourea, sodium thiosulphate, and other compounds. Thymol is 
especially effective, giving considerable protection when present in a concentration as 
low as two parts in a million. 
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THE administration of perchloroethylene for hook-worm disease in tropical countries has 
been attended, in certain cases reported to the author, by unpleasant results. These have 
been traced to the fact that the compound had suffered atmospheric oxidation, with 
production of the poisonous carbonyl chloride. 

It has been found that when pure perchloroethylene is used, oxidation is very much 
less than with the commercial product, which has been employed on occasions. The most 
serious dangers can therefore probably be readily avoided. It seemed worth while, how- 
ever, to examine the photochemical oxidation of the pure compound with a view to 
retarding it by added substances. 


When perchloroethylene was shaken with air in the dark at 280 r.p.m. for 30 hours, no 
oxidation whatever could be detected, but when it was exposed to sunlight or artificial light, 
oxidation took place fairly rapidly. The extent of oxidation in all experiments was determined 
by adding 25 c.c. of water, shaking, allowing the mixture to stand until all the carbonyl chloride 
had been hydrolysed to carbon dioxide and hydrochloric acid, and estimating by titration 
(phenolphthalein indicator) the total acid produced. In some experiments 0-1 c.c. of water was 
added initially per 20 c.c. of perchloroethylene. The velocity of oxidation was not drastically 
affected by its presence. The initial oxidation of the moist sample was a little less vigorous, 
but its later oxidation was more rapid, than that of the sample to which no water had 
been added. In the quantitative experiments of Tables I—III, water was added in all cases. 

In a set of preliminary experiments, perchloroethylene, with and without possible retarders, 
was exposed to summer sunlight in ordinary glass bottles for 4 weeks. The unprotected sample 
was extensively oxidised. Oxidation was accelerated by iodine, very slightly retarded by 
quinol, fairly well retarded by butyl and isobutyl alcohols, turpentine, benzaldehyde, resorcinol, 
diphenylamine, «- and $-naphthylamines, «- and §-naphthols, and sulphur, and well retarded 
by alcohol, ether, thymol, o-toluidine, sodium thiosulphate, and thiourea. In certain cases 
(quinol, benzaldehyde, resorcinol, diphenylamine, the naphthylamines, and the naphthols) the 
retarding agent caused development of colour. 

The action of sodium thiosulphate and thiourea (both of which are good retarders of the 
oxidation of alkaline sodium salicylate solutions; Hilton and Bailey, J., 1938, 631) is interesting, 
since the solubility of each in perchloroethylene is very low. A saturated solution of thiourea 
(approximately 1 part in 70,000 of the solvent), free from solid, was oxidised at about half the 
rate of untreated perchloroethylene, but a saturated solution of sodium thiosulphate (less than 
1 part in 120,000 of solvent), free from solid, was oxidised a-most as rapidly as perchloroethylene 
alone. In each case, however, when the latter was left in contact with the powdered solid, 
the velocity of oxidation was very greatly reduced. The solid presumably dissolves con- 
tinuously, so as to replace oxidised material and maintain a saturated solution. 

Alcohol, ether, and thymol seemed to be the most suitable retarders for the purpose. In 
the experiments the results of which are summarised in Table I, the perchloroethylene (20 c.c., 
with 0-1 c.c. of water) was contained in glass flasks (vol. = 350 c.c.) placed around a 100-watt 
electric bulb so that the distance from the surface of the bulb to the nearest surface of the 
flask was 5 inches. 


TABLE I. 


Parts of C,Cl, . > sagaapa: C.C., yer to neutralise total acid. 
to 1 part of ° ‘0-3. 1. 
Inhibitor. inhibitor (D). Time (in days) pe | to produce acid. 
None 4-5 5-6 6-6 10- 5 
Alcohol 5 4:5 5-5 
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The following was adopted as a basis of comparison of the efficiencies of the three retarders 
at various dilutions. The number of days needed for the development of a given acidity in a 
retarded solution is divided by the number of days for the unretarded liquid, and the ratio is 
termed R. The number of parts of perchloroethylene to 1 part of retarder (i.e., the dilution) is 
termed D. The product RD then increases with the efficiency of the retarder. 
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TABLE II. 
n/10-NaOH, c.c., required. 
0-3. 0-1. 
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It will be seen that, in each case, the specific efficiency of the retarder diminishes with 
increasing concentration, that thymol is much more efficient than ether, and ether decidedly 
more efficient than alcohol. 

In a second series of experiments, ultra-violet light illumination was used (Hanovia quartz 
lamp, 1-3 amps., 220 volts). 15 C.c. of perchloroethylene (with 0-1 c.c. of water) were contained 
in each of several clear quartz flasks (vol. = 350 c.c.), two of which were exposed atatime. The 
distance from the plate of the lamp to the surface of the liquid in the flask was 4-6 inches. 
The results obtained are in Table III, the times of oxidation being measured in hours instead of 


days. 
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TABLE III. 
Parts of 


C,Cl, to 1 n/10-NaOH, c.c., required to neutralise total acid. 
partofin- 0-1. O02 O83. O4. 10. O1. O2 O83. Of}. O82 0-3. 
Inhibitor. hibitor (D). Time (hrs.) — to produce a RD x 10°. 
acid. P P A 

26 46 65 82 155 — —_— a 

Alcohol ... 62 110 153 190 — 2: ; 4-8 48 48 

Ether 210 30 — — — 8: 16-2 166 — 

Thymol ... i90 360 — — — 7 7 365 390 —_ 
The order of efficiency of the retarders is the same. Protective power greater than that of 
thymol for perchloroethylene has rarely been recorded in experiments on atmospheric oxidation. 
It seems as if perchloroethylene treated with 2—5 parts of thymol per million can safely be 
kept in colourless glass bottles with no precaution against casual exposure to light, although 
persistent exposure to bright sunlight would doubtless lead ultimately to oxidation of the 
retarder and failure of protection. It seems unlikely that such a minute proportion of a 
relatively harmless substance would affect the therapeutic properties of the perchloroethylene. 
The nature of the oxidation products has not yet been fully investigated. The titration 
value of the acid after hydrolysis is slightly lower with methyl-orange as indicator than when 
phenolphthalein is used, doubtless owing to the presence of carbonic acid. The silver titration 
value for hydrochloric acid, however, is only about two-thirds of the total acid, as estimated 
with methyl-orange as indicator. The evidence suggests the production of some other acid, in 
addition to the hydrochloric acid obtained by the hydrolysis of carbonyl chloride. Investig- 

ation of this point is contemplated. 





I am much indebted to Mr. J. V. Collins, Government Analyst of Ceylon, for information 
about the problem. 


TRINITY COLLEGE, DUBLIN. [Received, March 14th, 1939.]} 





159. N-Oximino-ethers. Part IV. Formation of Oximino-ethers in 
the Ehrlich-Sachs Reaction. 


By F. Barrow and F. J. THORNEYCROFT. 


The condensation of phenylacetonitrile with aromatic nitroso-compounds gives 
tise to N-ethers of phenyloximinoacetonitrile, CPh(CN)-N(:O)R, in addition to the anils, 
CPh(CN):NR. A similar formation of an oximino-ether has also been observed in the 
condensation of 2 : 4-dinitrotoluene with p-nitrosodimethylaniline. 


It was shown by Ehrlich and Sachs (Ber., 1899, 32, 2341, and subsequent papers) that 
compounds containing an active methylene group undergo condensation with aromatic 
3E 
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nitroso-compounds, yielding azomethines or anils. Although this reaction has since been 
the subject of numerous investigations, it has only recently been found that the interaction 
of nitroso- and active methylene compounds may take another course, resulting in the 
formation of N-oximino-ethers or nitrones. For example, Schénberg and Michaelis (J., 
1937, 627) have shown that the condensation of 3 : 3-diphenylhydrindone with aromatic 
nitroso-compounds yields nitrones of the type (I), and Bergmann (ibid., p. 1628) found that 
fluorene gives rise to N-ethers of fluorenone oxime (II). In none of these reactions was there 
any evidence of the presence of the corresponding anil among the condensation products. 


CoH ERM SCINAKO (CoHyo>CNAKO CoH ERAT Scnar 


(I.) (II.) (III.) 


In the case of indan-l-one, the condensation with nitroso-compounds resulted in the forma- 
tion of a mixed nitrone-anil (ITI) (Pfeiffer and Milz, Ber., 1938, 71, 272). 

The formation of N-oximino-ethers was first observed by one of us (Thorneycroft, 
Thesis, London, 1927) during the interaction of phenylacetonitrile with nitroso-compounds. 
In the presence of potassium hydroxide, the nitrile condenses with #-nitrosodimethyl- 
aniline, yielding the anil (IV), described by Ehrlich and Sachs (loc. cit.), together with a 
small amount of oximinophenylacetonitrile N--dimethylaminopheny] ether (V), which has 
been previously prepared by the condensation of the nitroso-compound with phenyl- 
chloroacetonitrile (Barrow and Thorneycroft, J., 1934, 722). If the action of the alkali 
is prolonged, the anil undergoes hydrolysis to benzo-p-dimethylaminoanilide (VI). 


Ph. .. ar, 
GE>CIN-CHyNMe, 2 CNC COPh-NH-C,H,-NMe, 
C,H,:NMe, 
(IV.) (V.) (VI.) 


A similar formation of N-oximino-ethers has also been observed in the condensation of 
phenylacetonitrile with the #-nitroso-derivatives of diethyl-, monomethyl-, and mono- 
ethyl-aniline. The tendency to the formation of N-oximino-ethers is more pronounced 
with the monoalky] derivatives, but in all cases the anil constitutes the main product of the 
reaction. 

The condensation of phenylacetonitrile with nitrosobenzene is of particular interest, 
in that Sachs and Bry (Ber., 1901, 34, 494; cf. Sachs, Goldmann, and Whittaker, Ber., 
1902, 35, 3319), who investigated it, isolated an oximino-ether without being aware of its 
identity. In addition to the anil (VII) these authors isolated a substance, m. p. 141°, 
which they regarded as the amide (VIII). It was suggested that the latter compound was 
produced by the partial hydrolysis of the anil, but all attempts to prepare the amide in this 
manner or by the condensation of nitrosobenzene with phenylacetamide were unsuccessful. 


Ph ° Ph ° Ph. ° . 
CN>CNPh = yy cg>CNPh Cy >C:NPh:O 
(VII.) (VIII.) (IxX.) 


We have repeated the condensation of phenylacetonitrile with nitrosobenzene, and have 
isolated from the product (a) the anil (VII), (6) both the «- and the 6-N-phenyl ether of 
oximinophenylacetonitrile (IX) (m. p. 170° and 143° respectively), previously prepared by 
the condensation of phenylchloroacetonitrile with nitrosobenzene (Barrow and Thorney- 
croft, loc. cit.), (c) azoxybenzene, and (d) benzanilide. Separate experiments have shown 
that the last-named is formed by the alkaline hydrolysis of the anil, and the failure of Sachs 
and Bry to prepare the amide (VIII) in this manner is thus accounted for. The identity 
of the 6-phenyl ether was fully established by its reduction to the anil, and also by its 
hydrolysis with hydrochloric acid to benzoic acid and #-chloroaniline. From these results 
there can be no doubt that the substance, m. p. 141°, described by Sachs and Bry, is not 
the amide (VIII) but the N-phenyl ether of oximinophenylacetonitrile (IX). . 
We have also discovered another instance in which an N-oximino-ether has been iso- 
lated and erroneously described as an anil. By the interaction of 2 : 4-dinitrotoluene with 
p-nitrosodimethylaniline Sachs and Kempf (Ber., 1902, 85, 1224) obtained a compound, 
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m. p. 193,° which crystallised from various solvents in either green or reddish-brown 
needles, and was considered by them to be 2: 4-dinitrobenzylidene-p-dimethylamino- 
aniline (X), combined with one molecule of water. 


(X.)  CgH,(NO,)*CH:N-C,H,:NMe, C,H,(NO,).*CH:N(:0)-C,HyNMe, (XI.) 


The anil has now been prepared by the condensation of 2 : 4-dinitrobenzaldehyde with 
p-aminodimethylaniline ; it forms green needles, m. p. 211°, and is anhydrous. We have 
also repeated the condensation of 2 : 4-dinitrotoluene with -nitrosodimethylaniline and 
find that the main product consists of the anil (X), which is accompanied by a small amount 
of 2 : 4-dinitrobenzaldoxime N-f-dimethylaminopheny] ether (XI), crystallising in brownish- 
red needles, m. p. 193°, and identical with the ether prepared by Barrow, Bloom, and 
Griffiths (J., 1922, 121, 1713) from 2: 4-dinitrobenzyl chloride and #-nitrosodimethy]l- 
aniline. There can be no doubt that the green compound described by Sachs and Kempf 
is the anil (X), and the red compound is the oximino-ether (XI). 

With regard to the mechanism of the reaction resulting in the formation of oximino- 
ethers, we agree with Schénberg and Michaelis (loc. cit.) that the nitroso- and the active 
methylene compound condense to form a hydroxylamine derivative, CHR,R,*NAr-OH, 
which then ioses water to form the anil, or undergoes oxidation, yielding the oximino- 
ether. The oxidation is effected by means of the unchanged nitroso-compound, which is 
thereby reduced to the corresponding amine or azoxy-compound. Evidence in favour of 
this view has now been furnished by the isolation of azoxybenzene from the products of 
the condensation of phenylacetonitrile with nitrosobenzene, and of #-aminodimethyl- 
aniline by the interaction of the nitrile with #-nitrosodimethylaniline. 

The anils, CPh(CN):NAr, derived from phenylacetonitrile show an interesting difference 
in their behaviour towards acid and alkaline hydrolysis: in alkaline solution the cyano- 
group is removed with the formation of an anilide, whereas in acid solution the anil under- 
goes scission at the double linkage. Thus the anil (IV) is converted by alcoholic potassium 
hydroxide into the anilide (VI), but, with concentrated hydrochloric acid, it yields benzoyl 


cyanide and #-aminodimethylaniline. 


EXPERIMENTAL. 


Condensations of Phenylacetonitrile——(a) With p-nitrosodimethylaniline. Aqueous potas- 
sium hydroxide (4 c.c. of 30%) was added slowly to a mechanically stirred solution of p-nitroso- 
dimethylaniline (27 g.) and phenylacetonitrile (17-5 g.) in aqueous alcohol (500 c.c. of 50%), 
and the mixture kept overnight. The reddish-brown solid (28-5 g.) which separated on the 
addition of water (500 c.c.) was dried, shaken with cold benzene (150 c.c.), and successively 
crystallised from acetone and alcohol; it furnished oximinophenylacetonitrile N-p-dimethy]l- 
aminophenyl ether (3 g.) in red prisms, m. p. 185°, not depressed by an authentic specimen 
(Found: N, 15-9. Calc. for C,,H,,ON;: N, 15-8%). The residue obtained on evaporation of 
the benzene extract was crystallised twice from alcohol and gave a-p-dimethylaminophenyl- 
iminophenylacetonitrile (IV) in red prisms, m. p. 90°, as described by Ehrlich and Sachs (loc. 
cit.) (Found: N, 17-1. Calc. for C,,H,;N;: N, 16-9%). 

The aqueous acetone mother-liquor, from which the above condensation products had been 
removed, was made alkaline with potassium hydroxide and shaken with p-nitrobenzoyl] chloride 
(6 g.) dissolved in benzene (100 c.c.). The solid which separated was washed successively with 
water and hot alcohol and crystallised from xylene, separating in bronze leaflets (4 g.), identified 
by m. p. and mixed m. p. 258° as p-nitrobenzo-p-dimethylaminoanilide (Barrow and Thorney- 
croft, loc. cit.). 

Ina ten experiment, the condensation of the nitroso-compound and phenylacetonitrile 
was effected with twice the amount of potassium hydroxide, and the mixture kept for 4 days; 
the residue remaining after the condensation product had been shaken with cold benzene 
consisted of a mixture of the N-ether and benzo-p-dimethylaminoanilide (VI). The latter 
compound was separated by extraction with boiling cyclohexane, in which it was sparingly 
soluble, and crystallised from alcohol; it had m. p. 229°, not depressed by an authentic specimen 
prepared by benzoylating p-aminodimethylaniline (Bérnstein, Ber., 1896, 29, 1482). 

(b) With p-nitrosodiethylaniline. The condensation was effected by the addition of aqueous 
potassium hydroxide (10 c.c. of 10%) to a solution of the nitroso-compound (19 g.) and phenyl- 
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acetonitrile (11-7 g.) in aqueous acetone (300 c.c. of 50%). After the addition of water (500 c.c.) 
the solid (17 g.) was collected, dried, and extracted with boiling light petroleum (300 c.c. ; b. p. 
60—80°). The crop which separated from the cooled extract was removed, and the filtrate 
used again for extracting the undissolved residue. After this process had been repeated several 
times, the combined crops were crystallised thrice from alcohol and gave a-p-diethylamino- 
phenyliminophenylacetonitrile, m. p. 111° (Found: N, 15-3. Calc. for CygH,,N,;: N, 15-2%). 
The final residue remaining after extraction with light petroleum was crystallised twice from 
alcohol; oximinophenylacetonitrile N-p-diethylaminopheny] ether was then obtained in crimson 
prisms, m. p. and mixed m. p. 153° (Found: N, 14:3. Calc. for C,,H,,ON,;: N, 143%). 

(c) With p-nitrosomethylaniline. The product (6-5 g.) obtained by the condensation of the 
nitrile (5-9 g.) with the nitroso-compound (7-5 g.), dissolved in acetone (50 c.c.) and water 
(10 c.c.), in the presence of aqueous potassium hydroxide (1 c.c. of 30%) was crystallised three 
times from alcohol and gave oximinophenylacetonitrile N-p-methylaminophenyl ether, m. p. 
(and mixed m. p.) 193° (Found: N, 16-8. Calc. for C,;;H,,ON,: N, 16-7%). The residue 
obtained by evaporation of the alcoholic liquors furnished, after several crystallisations from 
benzene-light petroleum, p-methylaminophenyliminophenylacetonitrile, m. p. 128° (Sachs and 
Bry, loc. cit.) (Found: N, 17-8. Calc. for C,,H,,N,: N, 17-9%). 

(d) With p-nitrosoethylaniline. The interaction of the nitrile (23 g.) and the nitroso-com- 
pound (32 g.) was carried out in a similar manner to that described for the diethyl derivative, 
and the product (33-6 g.), after being dried, was shaken with benzene (400 c.c.). Crystallisation 
of the residue from acetone yielded oximinophenylacetonitrile N-p-ethylaminophenyl ether 
(5-7 g.) in orange-red needles, m. p. 185° (Found: N, 16-0. Calc. for C,,H,,ON,: N, 15-8%). 
The benzene extract gave on evaporation p-ethylaminophenyliminophenylacetonitrile, which 
was obtained in a pure condition, m. p. (and mixed m. p.) 111°, by crystallisation from cyclo- 
hexane (Found: N, 16-8. Calc. for C,,H,,;N;: N, 16-9%). 

(e) With nitrosobenzene. Aqueous sodium carbonate (12 c.c. of 20%) was added to a solution 

of phenylacetonitrile (13-8 g.) and nitrosobenzene (12-9 g.) in boiling alcohol (150 c.c.). After 
the initial vigorous reaction had subsided, the mixture was heated for 10 minutes and then diluted 
with water (500 c.c.). A dark oil was precipitated, which, when kept overnight in contact with 
the aqueous solution, partly solidified. The brown solid (4-5 g.) was separated from the oil, 
extracted with boiling light petroleum (60 c.c.; b. p. 40—60°), and shaken with benzene (60 c.c.). 
A small residue remained undissolved, which crystallised from benzene-light petroleum in pale 
yellow needles (0-1 g.). It showed the characteristic behaviour of the «-N-phenyl ether of 
oximinophenylacetonitrile : when heated slowly, it melted at 143°, but when plunged in a bath 
at 170°, it required ca. 15 seconds for complete fusion. The benzene extract, on evaporation, 
yielded the 8-N-phenyl ether, which was obtained in a pure condition (2-5 g.) after two crystal- 
lisations from alcohol; m. p. (and mixed m. p.) 143°. The reduction to the anil and hydrolysis 
to benzoic acid and ~-chloroaniline (isolated as p-chloroacetanilide, m. p. 178°) were carried out 
as described previously (Barrow and Thorneycroft, Joc. cit.). The brown oil from which the 
solid had been separated, together with the original alcoholic solution, was submitted to steam 
distillation in order to remove unchanged phenylacetonitrile. The residual oil partly solidified 
overnight to a dark brown mass, which was freed from oil (porous tile) and extracted with light 
petroleum (60 c.c.; b. p. 60—80°); crystallisation from alcohol furnished colourless leaflets of 
benzanilide, m. p. and mixed m. p. 164°. The light petroleum extract was decolourised (charcoal) 
and evaporated ; the pale yellow oil obtained readily solidified and, after crystallisation from the 
same solvent, was identified as azoxybenzene (m. p. and mixed m. p. 35°). In a second experi- 
ment, the solid which separated from the crude condensation product was freed from accompany- 
ing oil and crystallised from alcohol. After filtration from the 6-N-phenyl ether of oximino- 
phenylacetonitrile which separated, the alcoholic solution was diluted with water and the solid 
obtained was fractionally crystallised from aqueous alcohol; the more soluble fractions furnished 
a-phenyliminophenylacetonitrile (VII) in yellow leaflets, m. p. 71°, not depressed by an authentic 
specimen (Sachs and Whittaker, Ber., 1901, 34, 501). 

2 : 4-Dinitrobenzylidene-p-dimethylaminoaniline (X).—2 : 4-Dinitrobenzaldehyde (3 g.) and 
p-aminodimethylaniline (2 g.) were heated for 30 minutes in concentrated alcoholic solution, in 
the presence of a few drops of acetic acid. The anil, which readily separated from the hot 
solution, crystallised from benzene in dark green, filamentous needles, appearing reddish-brown 
by transmitted light, m. p. 211° (Found: C, 57-5; H, 4-6. C,,H,,0O,N, requires C, 57-3; H, 
4-5%). 

Condensation of 2: 4-Dinitrotoluene with p-Nitrosodimethylaniline.—The condensation was 
carried out as described by Sachs and Kempf (/oc. cit.) and the dark green product was repeatedly 
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extracted with warm acetone until the portion remaining undissolved had acquired a reddish- 
brown colour; crystallisation from pyridine—alcohol then furnished 2 : 4-dinitrobenzaldoxime 
N-p-dimethyiaminopheny] ether in red needles, m. p. 193°, both alone and when mixed with an 
authentic specimen (Barrow, Bloom, and Griffiths, loc. cit.). The residue obtained by evapora- 
tion of the earlier acetone extracts was crystallised several times from benzene and gave 2: 4- 
dinitrobenzylidene-p-dimethylaminoaniline, m. p. and mixed m. p. 211°. 


BIRKBECK COLLEGE, Lonpon, E.C.4. (Received, February 17th, 1939.] 





160. N-Oximino-ethers. Part V. Stereoisomeric N-Aryl Ethers of 
Oximinophenylacetonitrile. 


By F. Barrow and F. J. THORNEYCROFT. 


Six pairs of stereoisomeric N-aryl ethers of oximinophenylacetonitrile (I and IT) 
have been prepared by the condensation of phenylchloroacetonitrile with aromatic 
nitroso-compounds. The configurations of the stereoisomerides have been determined 
from the measurement of their dipole moments. 


In Part III (J., 1934, 722) it was shown that phenylchloroacetonitrile condenses with 
nitrosobenzene, yielding two stereoisomeric N-phenyl ethers of oximinophenylacetonitrile, 
of which the higher-melting «-isomeride, having configuration (I, R = Ph), is thermo- 
labile, being converted at temperatures below its melting point into the stable 6-form 
(II, R = Ph). 


Ph—C—CN Ph—C—CN 
(I.) R_N +0 O<N—_R (II.) 


In view of the ease with which this condensation takes place, and also of the fact that 
only four examples of stereoisomeric N-oximino-ethers have been described previously, 
viz., the N-methyl ethers of phenyl #-tolyl ketone (Semper and Lichtenstadt, Ber., 1918, 
51, 928), #-nitrobenzophenone oxime (Brady and Mehta, J., 1924, 125, 2297), isonitroso- 
malono-p-tolylamide (Plowman and Whiteley, J., 1924, 125, 587), and 2 : 6-dichloro-3- 
aminobenzaldoxime (Freudenberg, ‘‘ Stereochemie,” 1932, p. 966), it appeared of interest 
to extend the reaction to other nitroso-compounds, and the condensation of phenylchloro- 
acetonitrile with the nitrosotoluenes and chloronitrosobenzenes is now described. #- 
Nitrosotoluene readily condenses with phenylchloroacetonitrile in the presence of potassium 
hydroxide, yielding two stereoisomeric oximinophenylacetonitrile N-p-tolyl ethers, which 
differ from the N-pheny]l ethers in that the more fusible isomeride, m. p. 135°, is thermo- 
labile, being transformed below its melting point into the stable form, m. p. 161°. The 
configurations of the isomerides have been determined from the measurement of their 
dipole moments. 

It was shown in Part III that the «-N-phenyl ether (I), in which the moments of the 
—CN and —N->O groups augment one another, has a much higher moment than the 
8-isomeride (II), in which these main dipoles are opposed. In the case of the N-f-tolyl 
ethers, the methyl group will have little effect on the total moment, and hence the tolyl 
ether having configuration (I, R = C,H,Me) will have a much higher moment than the 
stereoisomeric ether (II, R = C,H,Me). It was found that the higher melting N-#-tolyl 
ether had a small moment, » = 0-96, and therefore has the same configuration (IT) as the 
8-N-phenyl ether : the isomeride, m. p. 135°, has a high moment, » = 6-42, and accordingly 
has the «-configuration (I). : 

Similar pairs of stereoisomeric N-ethers have been obtained by the condensation of 
phenylchloroacetonitrile with o- and m-nitrosotoluenes and also with the three chloro- 
nitrosobenzenes. Configurations have been assigned to these isomerides from the measure- 
ment of their dipole moments, which are given (in Debye units) in Table I, together with the 
melting points and solubilities in benzene. 

















774 Barrow and Thorneycroft : N-Oximino-ethers. Part V. 








TABLE I. 
Dipole Moments, Solubilities, and Melting Points of N-Ethers of Oximinophenylacetonitrile. 
a-Form. f-Form. 

Ether. 'M. p. Solubility. pe ‘M.p. _—_ Solubility. im 
Phettyl .....cccccccccccvccscccsece 170° 1-17 (21°) 6-3, 143° 7-05 (21°) 1-0, 
O-TOly] ....cccccccccccccccseccsees 158 2-41 (23) 6-4, 117 37-35 8 0-9, 
WO 49 vacdccccccccecsossccecscses 134 11-68 (26) 6-85 126 11-78 (26 1-0, 
it. oa gdintainamiaiighesiialilits 135 10-81 (26) 6-8, 161 2-64 (26) 1-0, 
o-Chlorophenyl] ..........s+0+ 143 7-45 (19) 6-95 100 26-21 (19) 1-2, 
-_ o .. . neuen 123 4-31 (19) 6-2, 156 2-95 (19 1-7, 
p- 18's Pte eee eeeee 132 13-76 (26) 5-6, 142 8-58 (26 1-5; 


The values in columns 3 and 6 represent the weight of solute contained in 100 c.c. of a saturated 
solution at the temperature given in parentheses. 


It will be observed that there is no constant relationship between the configuration of 
the isomerides and their melting points and solubilities. The o-compounds resemble the 
phenyl ethers in that the B-forms have a lower melting point and a higher solubility than 
the «-isomerides, but with the -compounds and also with the m-chlorophenyl ethers this 
relationship is reversed: the isomeric m-tolyl ethers show little difference in solubility 
and melting point. These results furnish an excellent example of the futility of attempting 
to assign configurations to geometrical isomerides of even closely related constitution 
from a comparison of their melting points or solubilities. The a-forms (I) of the stereo- 
isomeric ethers are, in all cases, thermolabile and undergo complete conversion, at temper- 
atures in the neighbourhood of their melting points, into the stable 8-forms (IT). 

In Part III it was shown that the N-oximino-ethers resulting from the condensation 
of phenylchloroacetonitrile with the #-nitroso-derivatives of the mono- and di-alkyl- 
anilines occur in only one form, which probably has the 8-configuration. This view has 
been confirmed from the measurement of the dipole moment of the N-#-dimethylamino- 
phenyl ether. The N-oximino-ethers are closely related in their constitution to the nitro- 
compounds, and it would therefore be anticipated that the moments of the N-phenyl and N-p- 
dimethylaminopheny] (IIT) ethers, having the same configuration, would show a relationship 
similar to that of the moments of nitrobenzene and its #-dimethylamino-derivative (IV). 


(IL) NMey'CgHyNGPEN NMeyCgHyNCP Iv.) 


The introduction of the dimethylamino-group into the #-position of nitrobenzene raises 
the moment from 3-94 to 6-89 (Marsden and Sutton, J., 1936, 599): the moments of the 
a- and the $-N-phenyl ether of oximinophenylacetonitrile are 6-3 and 1-07 respectively. 
If the N-f-dimethylaminophenyl ether has the «-configuration, and the dimethylamino- 
group exercises the same effect in the case of the N-oximino-ethers as with the nitro- 
compounds, the ether should have a moment of ca. 9-2. The moment found for the N-p- 
dimethylaminophenyl ether in benzene solution had a much lower value, viz., 2-94, and 


the ether accordingly has the 6-configuration. 


EXPERIMENTAL. 


The melting points of the a-isomerides vary according to the rate of heating, owing to 
transformation into the B-forms. The values recorded below were determined by noting the 
temperature at which complete fusion occurred in 15 seconds when the ethers, contained in a 
capillary tube, were plunged into a previously heated bath. 

Preparation of Nitroso-compounds.—Many of the methods described in the literature were 
investigated, but the following general method was found to give satisfactory results and can be 
rapidly carried out. Zinc dust (250 g.) is added in one portion to a vigorously stirred mixture 
of the nitro-compound (1 g.-mol.), alcohol (700 c.c.), water (200 c.c.), and ammonium chloride 
(40 g.). The temperature rises rapidly, and during the initial stages of the reaction is maintained 
at ca. 70° by occasional external cooling. Stirring is continued until the temperature falls to 
55°; the solution is then filtered and the zinc residues are washed twice with hot aqueous alcohol 
(300 c.c. of 50%). The combined filtrates are distilled until a pronounced turbidity is produced, 
cooled to 40°, and shaken with light petroleum (800 c.c.; b. p. 60—80°). In the case of the 
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p-compounds the hydroxylamine derivative crystallises and is freed from any unchanged 
nitro-compound by a further extraction with light petroleum (200 c.c.). The o- and m-hydr- 
oxylamines separate as oils below the intermediate aqueous layer; the two lower layers are 
separated and again extracted with light petroleum (200 c.c.). Oxidation to the nitroso- 
compounds is effected by slowly adding the hydroxylamine, dissolved in the minimum amount 
of alcohol, to an aqueous solution of commercial hydrated ferric chloride (680 g. in 2 1.), the 
mixture being mechanically stirred, and the temperature maintained between 0° and 5° by the 
addition of ice. After 1 hour, the nitroso-compound is filtered off, washed with water, and 
distilled in steam. The yield varies from 24 to 45%, being greatest in the case of the 
p-compounds. 

Condensations of Phenylchloroacetonitrile—(a) With o-nitrosotoluene. An aqueous solution 
of potassium hydroxide (12 g. in 200 c.c.) was added dropwise to a mechanically stirred solution 
of the nitrile (29 g.) and o-nitrosotoluene (26-7 g.) in acetone (500 c.c.) and water (100 c.c.). 
The addition of the alkali produces an evanescent orange-red coloration, which becomes 
permanent when the condensation is complete. After being filtered off and washed with water, 
the solid (21-5 g.) which separated was crystallised twice from alcohol and furnished oximino- 
phenylacetonitrile a-N-o-tolyl ether in stout yellow prisms, m. p. 158° (Found: N, 121. 
C,5H,,ON, requires N, 11-9%). The aqueous acetone solution, from which the «-ether had been 
separated, gave, on dilution with water, a crop (14 g.) consisting mainly of the B-N-o-tolyl ether, 
which was successively crystallised from light petroleum (b. p. 60—80°) and alcohol and obtained 
in small, pale yellow needles, m. p. 117°, much more readily soluble in the common solvents 
than the «-isomeride (Found: N, 12-0%). 

(b) With m-nitrosotoluene. The condensation of the nitrile (45 g.) and the nitroso-compound 
(37-5 g.) was carried out in aqueous acetone solution (800 c.c.) in the same manner as described 
for the o-compound. After being washed with water and dried, the solid (45 g.) which separated 
was boiled with light petroleum (2 1., b. p. 60—80°) and the portion remaining undissolved was 
crystallised twice from alcohol, oximinophenylacetonitrile «-N-m-tolyl ether being obtained 
in small yellow prisms, m. p. 134° (Found: N, 12-0. C,;H,,ON, requires N, 11-9%). 

The 8-N-p-tolyl ether was obtained as a white crystalline powder, m. p. 126°, by evaporating 
the petroleum extract and crystallising the residue from alcohol (Found: N, 11-9%). 

(c) With p-nitrosotoluene. The crop (6-3 g.) resulting from the condensation of the nitroso- 
compound (13-5 g.) and the nitrile (16-1 g.) in aqueous alcohol (500 c.c.) by means of potassium 
hydroxide (6 g. in 100 c.c. of water) furnished, on crystallisation from alcohol, oximinophenyl- 
acetonitrile B-N-p-tolyl ether, which formed slender cream-coloured needles, m. p. 161°, much 
less soluble in the usual solvents than the a-isomeride (Found: N, 12-2. C,,;H,,ON, requires 
N, 11-9%). 

The a-N-p-tolyl ether was obtained in bright yellow needles, m. p. 135°, by diluting the original 
aqueous solution with water and crystallising the resulting solid from alcohol. When slowly 
heated in a capillary tube, it melted at 123—124°, then solidified at ca. 134°, owing to transform- 
ation into the $-form, which then melted at 161°. 

(d) With o-chloronitrosobenzene. Aqueous potassium hydroxide (8-5 g. in 200 c.c.) was added 
slowly to the nitrile (22-5 g.) and the nitroso-compound (22-5 g.), dissolved in acetone (600 c.c.) 
and water (100 c.c.). The first crop (12-5 g.) consisted mainly of oximinophenylacetonitrile 
a-N-o-chlorophenyl ether, which, after two crystallisations from alcohol, formed stout cream 
prisms, m. p. 143° (Found: N, 11-0. C,,H,ON,Cl requires N, 10-9%). Dilution of the acetone 
filtrate furnished a solid, from which the 6-N-o-chlorophenyl ether was obtained in deep yellow 
gee m. p. 100°, by repeated crystallisation from light petroleum (b. p. 60—80°) (Found : 

, 11-0%). 

(e) With m-chloronitrosobenzene. The same relative proportions were employed as in the 
preceding condensation: crystallisation (twice) of the first crop from alcohol gave oximino- 
phenylacetonitrile B-N-m-chlorophenyl ether as a white crystalline powder, m. p. 156° (Found : 
N, 11-1. C,H,ON,Cl requires N, 10-9%). The a-N-m-chlorophenyl ether was obtained in 
small yellow prisms, m. p. 125°, by the addition of water to the acetone filtrate and crystallis- 
ation of the resulting solid from benzene-light petroleum (Found: N, 10-8%). 

(f) With p-chloronitrosobenzene. The chloronitrile (29-6 g.) and the nitroso-compound 
(27-7 g.), dissolved in acetone (1 1.) and water (400 c.c.), were condensed in the usual manner 
by the addition of aqueous potassium hydroxide (12 g. in 200 c.c.). The crop (12-5 g.) which 
separated was crystallised from alcohol and furnished oximinophenylacetonitrile B-N-p-chloro- 
phenyl ether in lustrous, colourless needles, m. p. 142° (Found: N, 11-2. C,,H,ON,Cl requires 
N, 109%). The a-N-p-chlorophenyl ether was isolated from the acetone filtrate and obtained 
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in a pure condition after several crystallisations from benzene-light petroleum and finally from 
methyl alcohol (Found: N, 10-7%). It formed slender yellow needles, m. p. 132°, but when 
slowly heated in a capillary tube it meited at 114—116° and then resolidified at ca. 123° owing 
to conversion into the 8-form. 

Determination of Dipole Moments.—The dielectric constants of benzene solutions of the 
N-oximino-ethers were determined at 25° by a resonance method, the apparatus described by 
Sugden (J., 1933, 768) being used. The results are in Table II, where w represents the weight 
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TABLE II, 
N-Ethers of Oximinophenylacetonitrile. 
100w. ax’. €a5°. Pia: Py. 100w. av. €25°- Pia: 


a-N-o-Tolyl ether. 
0-8726 2-272 0-3412 
0-8743 2-435 0-3700 
0-8763 2-585 0-3949 
0-8783 2-749 0-4196 


Pye. = 938 c.c.; Pg = 75:9 c.c.; 
Pi.— Pr = 862 c.c.; p = 6-42. 
a-N-m-Toly]1 ether. 

0-8726 2-272 0-3412 

0-8748 2-482 0-3781 

0-8765 2-640 0-4034 

30577 0-8795 2-917 0-4440 

44421 08827 3-222 0-4821 
Peo = 1050 c.c.; Pz = 76-6 c.c.; 
P3~— Ps = 973 c.c.; wp = 6-83. 

a-N-p-Tolyl] ether. 
0-8726 2-272 0-3412 


0-0000 
0-8143 
1-5776 
2-3828 


0-0000 
0-9641 
1-7132 


0-0000 


0-4349 
1-0544 
1-5826 
2-1045 


0-8730 
0-8747 
0-8756 
0-8772 


2-368 
2-505 
2-607 
2-730 


0-3588 
0-3818 
0-3988 
0-4170 


915 
877 
854 


B-N-o-Toly] ether. 
0-8730 2-272 0-3411 
0-8756 2-282 0-3419 
0-8769 2-285 0-3420 
0-8804 2-296 0-3427 


Peo = 97-2 c.c.; Pg = 75°38 c.c.; 
Py. — Pz = 21-9 c.c.; p = 0-96. 


B-N-m-Tolyl1 ether. 
0-8726 2-272 0-3412 
0-8775 2-292 0-3429 
0-8820 2-308 0-3444 
0-8888 2-330 0-3457 


0-0000 
1-2854 
1-7064 
3-3414 


0-0000 
2-2120 
4-1485 
7-1123 


Pe. = 103-0 c.c.; Pg = 75-8 c.c.; 


Pao — Pe = 27:2 c.c.; p = 1-06. 
B-N-p-Toly] ether. 


00-0000 0-8726 2-272 0-3412 


2-2120 


0-8761 


2-288 


0-3430 


0-3437 
0-3433 


2-294 
2-293 


0-8774 
0-8775 


4-1485 
71123 


101-1 
97-6 
94-8 


103-8 
103-4 
104-5 


Pao = 1055 c.c.; Pg = 76°3 c.c. Pao = 103-8 c.c.; Pg = 77:1 c.c.; 


Pye — Pz = 979 c.c.; p = 6-84. 
a-N-o-Chloropheny] ether. 


Pa.— Pz = 26-7 c.c.; p = 1-05. 
f-N-o-Chlorophenyl] ether. 


0-8726 2-272 0-3412 
0-8790 2-297 0-3436 
4-1665 0-8844 2-319 0-3454 
6-0808 0-8899 2-342 0-3474 
Peo = 112-7 c.c.; Pz = 77°8 c.c. ; 
Pao — Pz = 34:9 c.c.; wp = 1-22.! 


0-0000 
2-2662 


0-0000 0-8726 2-272 0-3412 
0-9731 0-8753 2-482 0-3778 
1-9728  0-8782 2-698 0-4118 
3-8874 0-8839 3-108 0-4669 


Py. = 1082 c.c.; Pg = 76-5 c.c.; 
Py. — Pz = 1006 c.c.; p = 6-93. 


112-7 
112-5 
113-0 


a-N-m-Chloropheny] ether. 
0-8726 2-272 0-3412 
0-8727 2-368 0-3589 
0-8766 2-517 0-3832 
0-8793 2-641 0-4023 


0-0000 
0-5809 
1-5108 
2-2914 


B-N-m-Chloropheny] ether. 
0-8730 2-272 0-3411 
0-8775 2-298 0-3442 
0-8776 2-299 0-3444 
0-8822 2-324  0-3470 


0-0000 
1-5794 
1-6168 
3-2033 


3-5181 


0-8828 


2-324 


0-3475 


138-6 
139-8 
135-1 
134-3 


Pro = 886 c.c.; Pg = 76-9 c.c.; Poo = 143-4 c.c.; Pg = 74:1 c.c.; 


Pn — Pz = 809 c.c.; wp = 6°22. 


a-N-p-Chloropheny] ether. 

0-8726 2-272 0-3412 
0-8739 2-360 0-3570 
0-8751 2-410 0-3654 
0-8780 2-528 0-3843 


Peo = 722 c.c.; Pz = 75-9 c.c.; 
Py. — Ps = 646 c.c.; p = 5-57. 


0-0000 
0-6570 
1-0481 
1-9795 


P2.— Pz = 69-3 c.c.; p = 1-78. 


B-N-p-Chloropheny] ether. 
0-8730 2-272 0-3411 
0-8782 2-299 0-3441 
3-2771  0-8827 2-322 0-3464 
4-4274 0-8861 2-340 0-3484 
Pao = 129-8 c.c.; Pg = 77:3 c.c.; 
Pao — Pe = 52-5 c.c.; p = 1-53. 


0-0000 
1-7799 


£-N-p-Dimethylaminopheny] ether. 


100w. a. 

0-8726 
0-8741 
0-8756 


0-0000 
0-5082 
1-1256 


Pis- P:. 
0-3412 — 
0-3447 269-7 
0-3491 267-2 


Pye = 271-7 c.c.; Pg (cale.) = 87-6 c.c.; Pgqg — Pz = 184-1 c.c.; wp = 2-94. 


130-4 
129-2 
129-8 
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fraction of the solute, d?° the density of the solution, €,,. its dielectric constant, pj; its specific 
polarisation, and P, the total polarisation of the solute. In calculating the dipole moments, it 
has been assumed that the atom polarisation is 5% of Pg (cf. Sugden, Tvans, Faraday Soc., 
1934, 30, 734) when P; is calculated from the refractive index of the Na-D line. 

The value for Pg of the 8-N-p-dimethylaminophenyl ether was calculated from that of the 
6-N-phenyl ether and the usual refractive constants for the Na-D line. The other values for 
Pz given in Table II were determined from the refractive indices, n$, of benzene solutions at 
the ordinary temperature. In Table III the densities of the solutions and of the benzene used 
are given in columns 5 and 6 respectively; the temperature at which the observations were 
made is recorded in column 3. 


TABLE III. 


100w. t. . di. dt. 
2-285 16-5° ° 0-8843 0-8791 
9-728 16-5 ° 0-8984 0-8791 
6-812 22-0 , 0-8897 0-8736 
7:867 22-0 ‘ 0-8918 0-8736 
5-320 19-1 ° 0-8894 0-8764 
1-992 19-1 ‘ 0-8813 0-8764 
4-490 19-9 ° 0-8908 0-8758 
ne 9-620 19-9 ° 0-9039 0-8758 
a-m-Chlorophenyl ase ~ 4-051 21-7 ° 0-8862 0-8739 
soccecsces ae 2-407 21-7 . 0-8812 0-8739 
a-p-Chloropheny] 9-191 22-0 : 0-9010 0°8736 
- 6-837 22-0 ° 0-8940 0-8736 


”” 


The authors wish to thank Prof. S. Sugden for his constant help and advice during the 
carrying out of the measurements of the dipole moments. 


BIRKBECK COLLEGE, Lonpon, E.C. 4. (Received, February 17th, 1939.] 





161. Built-up Films of Unsaturated and Substituted Long-chain 


Compounds. 
By A. E. ALEXANDER. 


A number of long-chain compounds, particularly cis-tvans-unsaturated and a- 
substituted acids, have been built up from monolayers on water into multilayers on 
polished chromium. The optical thickness per layer was compared with the spacing 
determined by X-rays. The results support previous findings that multilayers are 
microcrystalline and that the method is excellent for obtaining oriented crystals of 
long-chain compounds which may be difficult to crystallise in other ways. Some 
chemical reactions in multilayers have also been studied. 


THE early X-ray examination of built-up films of stearic acid and of calcium and lead 
stearates (Clark and Leppla, J. Amer. Chem. Soc., 1936, 58, 2199) showed that the long 
spacings (d) so obtained corresponded closely with those given by the crystalline material. 
With barium stearate (Holley and Bernstein, Physical Rev., 1937, 52, 525; Holley, sbid., 
1938, 58, 534; Fankuchen, zbid., p. 909) and with long-chain esters (Stenhagen, Trans. 
Faraday Soc., 1938, 34, 1328), the d values are independent of the method of deposi- 
tion and, where comparison is possible, correspond with those from known crystalline 
modifications, thus showing that such films, even when optically clear, are in reality 
microcrystalline. 

Since the optical thickness of these layers depends upon the type of deposition and upon 
the piston pressure employed, there should be no exact correlation between this optical 
thickness (¢,) and the long spacing (d) as found by X-ray analysis. In all the cases pre- 
viously examined the differences in ¢, due to a different tilt of the molecule on the water 
surface, have been quite small (up to ca. 6%), whereas in this investigation very much 
bigger differences (up to ca. 50%) have been encountered. The conditions which obtain 
in built-up films, as might be anticipated from the completely regular orientation which 
exists in the monolayer on water, seem excellent for inducing crystallisation, even in 
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compounds such as the unsaturated, «-hydroxy-, and «-methyl acids, which normally 
are very reluctant todoso. Another great advantage of the multilayer method is the very 
minute amount of substance required, since if necessary a complete X-ray determination 
could be carried out on about 0-01 mg. 

The compounds which have been examined can be divided into the following groups : 

(a) cis-trans-Isomers. Alcohols: oleyl and elaidyl. Acids: cis- and trans-dihydroxy- 
behenic; oleic, elaidic; cis- and trans-petroselinic; erucic, brassidic. 

(b) «-Substituted acids, «-Bromostearic, «-triazopalmitic, «-aminopalmitic, «-hydroxy- 
stearic, a-methylpalmitic. 

(c) Benzene derivatives. p-Hexadecylphenol, 2 : 6-dibromo-4-hexadecylphenol. 

The multilayers were built up in the usual manner on polished chromium plates by the 
methods developed by Blodgett and Langmuir (J. Amer. Chem. Soc., 1935, 57, 1007), 
except that when the film came out hydrophilic and hence covered with a thick layer of 
water (e.g., «-amino- and a-hydroxy-acids), the latter was removed “in a vacuum” at 
room temperature. Except for the benzene derivatives, the best substrate was found to be 
the ordinary Cambridge tap-water, filtered before use. Its fq was rather high (ca. 8-0), 
and it contained approximately 2 x 10°m-calcium as bicarbonate. A synthetic substrate 
of the same fg and calcium concentration was comparatively poor for multilayer building, 
but the reason for this marked difference has not been investigated. Rather strangely, 
stearic acid gave beautiful Y deposition from this tap-water substrate with no tendency at 
all to the X type, although Blodgett (loc. cit.) has shown that the optimum conditions for 
X deposition of stearic acid are obtained by using a substrate containing ca. 10~m-calcium, 
py 8:8. With the exception of oleic and cis-petroselinic acids, which showed X deposition, 
all films came on as the Y type, although in some cases there was a marked tendency 
towards the former at low piston pressures. 

The optical thickness was measured by comparison of the interference colours with those 
given by a known number of Y-deposited stearate layers from the same substrate, and also 
with barium stearate films of known thickness for which /, = 24-4 a. (Blodgett, J. Physical 
Chem., 1937, 41, 975). No allowance was made for any differences in refractive index, 
but the error introduced is probably less than 1%. A comparison of the multilayers of 
stearic acid from tap-water and from a standard barium solution as used by Blodgett 
showed that the former was appreciably thicker (5%), but the reason for this difference 
has not been investigated. Accordingly, with the exception of -hexadecylphenol, which 
was deposited from a standard barium solution, all optical thicknesses may have been 
correspondingly increased. The deposition ratio (¢.e., area of slide covered/area of mono- 
layer removed) was measured and found in all cases to be 0-99—1-00, in agreement with the 
results of Langmuir, Schaefer, and Sobotka (J. Amer. Chem. Soc., 1937, 59, 1751) and of 
Stenhagen (loc. cit.). 

For measuring the long spacings by X-ray diffraction, monochromatic copper-K« 
radiation (wave-length 1-54 A.) was employed to give freedom from background, and the 
experimental details followed those of Fankuchen (oc. cit.). One very satisfactory modifi- 
cation is to build the film on a thin sheet of mica, which calibrates the photographic plate 
directly, since it possesses a layer lattice with a spacing of about 10-1 A. between the lattice 
planes. In one experiment a calcium stearate multilayer of 51 layers was built up quite 
easily and gave four fairly weak lines and one very strong one, corresponding presumably 
to the first orders of the stearate and the lattice spacing of the mica. This was confirmed on 
measuring the spacings, which were found to be 51-4 A. for the stearate and 10-18 A. for 
the mica, in excellent agreement with the known values. 

Table I summarises the results obtained for the optical and X-ray spacings, and gives 
the physical state of the monolayer from which the film was built up and the piston pressure 
used. As previously mentioned, all films except oleic and cis-petroselinic acids showed Y 
deposition, and all, even including these, gave a Y type (i.e., double molecules) from X-ray 
diffraction, so the optical spacings have been doubled for comparison purposes. All films 
were built up from a tap-water substrate except p-hexadecylphenol which gave best results 
from a standard barium solution. In col. 4 the letters have the following significance: L. = 

liquid, V.L. = viscous liquid, S. = solid, S.B. = “‘ solid board,” .e., very great rigidity. 
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TABLE I. 

Nature of 

monolayer. Piston. 
L. Triolein 

S.B. Pp 


Oleic acid 
Triolein 


Oleic acid 
Triolein 


Oleic acid 
Castor oil 
Oleic acid 
Triolein 


Oleic acid 


= 

> 
mS 
oP 


Calcium oleate 
elaidate 
cis-petroselinate 
trans- 
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a-methylpalmitate 
a-bromostearate 
a-triazopalmitate 


eee 
Lent 
—_ 


& oo bo > 
SHOAG 


a-aminopalmitate 
wt a 
p-Hexadecylphenol 
2 : 6-Dibromo-4-hexadecylphenol _— 
Calcium stearate 51-2 


Bo 


= 
eI | 
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In Table II the multilayer X-ray spacings are compared with the values found in bulk 
for the same or closely related substances, the latter being taken from Clark (“‘ The Fine 
Structure of Matter,” 1937, Chapman and Hall). 


TABLE II. 
Compound. Multilayer spacing. Bulk spacings. 
Calcium stearate : Lead stearate 
is Potassium stearate 
Thallium stearate 
Potassium acid stearate 
Sodium acid stearate 
47-0 Sodium oleate 
Oleic acid 
50-0 Elaidic acid 
55-5 Erucic acid 
60-7 Brassidic acid 
Potassium acid behenate 
sn a-bromostearate 48-4 a-Bromostearic acid 
p-Hexadecylphenol 46-3 


* Fankuchen, Physical Rev., 1938, 58, 909. 
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WDA AAA HLS co 


Direct comparison is only possible with the long-chain phenol, but the agreement is 
undoubtedly as good with the stearate, since the effect of changing the metal atom is very 
small (cf. potassium and thallium stearates, and the acid stearates). For the trans-elaidic 
and brassidic acids the agreement is quite good, whereas for the cis-isomers there is a very 
big difference between the calcium salt in the multilayer and the pure acid. 

The more detailed results for each class of compound are given below. 

(a) cis-trans-Isomers.—Neither oleyl nor elaidyl alcohol gave multilayers, the former 
being liquid at room temperature and the latter giving too solid a film. 

cis-Dihydroxybehenic acid gave fairly good multilayers from a tap-water substrate 
(triolein piston) which showed an X-ray spacing of 35-6 A. (t.e., a very tilted molecule), 
whereas the trans-acid, owing to its unusually great solidity, gave very poor ones. Attempts 
to diminish this solidity by alteration of the #g over the range corresponding to that 
between N-hydrochloric acid and 0-1N-sodium hydroxide all failed, the film remaining a 
“solid board ’’ throughout. The reason for this great difference between the two forms has 
been discussed by Marsden and Rideal (J., 1938, 1163). : 

The isomeric unsaturated acids gave excellent multifilms, and the evidence from these 
films is consistent with the usually accepted cis- or trans-form and agrees with the conclusions 
drawn by Marsden and Rideal (loc. cit.) from their monolayer studies. As they pointed out, 
the cis-forms can pack much less readily than the trans-, in which the ease should be little 
different from that of a saturated chain. This was well shown in the physcial state of the 
monolayers on a tap-water substrate, since, whereas all the tvans-acids gave “‘ solid board ” 
films, oleic and cis-petroselinic gave perfectly fluid films, and erucic acid, with its extra 
four carbon atoms, gave a viscous liquid film at triolein pressure, becoming solid under oleic 
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acid pressure. Closely related to this was the very pronounced difference in the visible 
crystallisation on the water surface, for although the ¢rans-compounds withstood very much 
higher pressures than the cis-, yet they crystallised very much more readily (crystallisation 
always appearing to take place from the edges of the trough). Elaidic and trans-petroselinic 
acids even showed a greater tendency for crystallisation than did stearic acid—a rather 
surprising fact, since it would appear to indicate an easier packing in the ¢rans-unsaturated 
acids. It may be suggested that the great stability and ease of crystallisation of these 
trans-acids is due to the interaction between the double bonds via either water or oxygen 
molecules as intermediaries, or the effect may be a purely mechanical one due to the rigid 
double bond reducing lateral vibrations in the chain. That there exists some considerable 
difference between the saturated and the ¢rans-unsaturated acids which greatly influences 
their aggregation is shown by the crystal structure of the free acids, since the former exist 
with inclined and the latter with vertical chains (see Table IT). 

The trans-acids showed only Y deposition, and the cis-acids X, although with erucic 
acid a change over to the Y type occurred at oleic acid pressure. From the optical spacings 
(Table I) it is seen that, as expected, the trans- are much more stretched than the cis- and 
approximate to the length of the saturated acids, and that the difference between the cis- 
and the trans-forms depends upon the position of the double bond and upon the chain 
length. 

Miiller and Shearer (J., 1923, 123, 3156), in their early work upon the X-ray structure of 
long-chain compounds, measured the spacings of oleic, elaidic, erucic, and brassidic acids, 
but no measurements appear to be recorded for cis- and trans-petroselinic acids. Their 
values for the acids, given in Table II, show a close agreement with the multilayer spacing 
(t.e., with the calcium salt) for the trans-acids, and a very pronounced difference with the 
cis-. This is readily understood if the saturated and trans-acids are assumed to be vertical, 
and the cis- very much inclined (as the monolayer experiments indicate), since formation 
of the calcium salts would condense and therefore lengthen the cis-forms but would have 
little effect on the trans-. 

(b) «-Substituted Acids ——These gave excellent multifilms except the a-amino- and 
«-hydroxy-compounds which came out hydrophilic and so were dried “‘ in a vacuum ” 
as described above. It is very significant that when the «-group was large (—CHg, —Ns, 
-Br), the films were always liquid, even on tap-water, whereas when it was smaller (-OH, 
—-NH,), they were extremely solid, indicating that close-packing of the long-chains through- 
out their whole length is one condition for solidity. 

With «-methylpalmitic acid, changing the piston from triolein to oleic acid increased 
the optical thickness but did not alter the X-ray spacing, whereas with a-triazopalmitic acid 
a similar change produced an entirely new crystalline modification. The photograph 
obtained when using the oleic acid piston showed two sets of spacings quite distinctly, the 
weaker being exactly the same as obtained by using triolein (d = 26-2 a.), and the stronger 
corresponding to a new, much less inclined molecule (d = 39-6 4.). Such a transition 
brought about by alteration of the piston pressure would appear to be quite possible, but 
this appears to be the first recorded example. 

(c) Benzene Derivatives.—The 2 : 6-dibromo-4-hexadecylphenol multilayer was obtained 
from one of #-hexadecylphenol by direct bromination with moist bromine vapour. This 
caused a colour shift corresponding to an increase either in thickness or in refractive index, 
and some irregularities became apparent in the film. Nevertheless, it gave quite a good 
X-ray diffraction pattern corresponding to a spacing of 29-7 A., indicating that the mole- 
cules lie in very inclined doublets. Now it is known that bromination of this phenol in the 
monolayer (Alexander, J., 1938, 729) is accompanied by a very great increase (ca. 40%) in 
the molecular area and liquefaction of the previously solid film, and the stability pressure is 
decreased to such small values (ca. 3—4 dynes/cm.) that no multilayers can be obtained by 
the usual methods. However, the conditions in the multilayer seem to promote crystallis- 
ation of this new compound, and so perhaps this method may be applicable to other cases. 

An attempt was made to determine the structure of the saturated dibromo-oleic and 
-elaidic acids by brominating the multilayer of the calcium salt in a similar manner to the 
above, but in these cases the films visibly collapsed on bromination, and then gave no sign 
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of an X-ray diffraction pattern, indicating a compiete disorder. It is probable that in 
this case the bromine not only adds on to the double bond, but also liberates the free acid 
from the calcium salt, and the disruption brought about by the combined effects completely 
destroys the regular orientation in the multilayer. 


The X-ray studies were carried out in the Crystallography Laboratory, Cambridge, and I 
wish to thank Dr. Bradley, Dr. Wooster, and other members of that laboratory for their interest 
and assistance. I am indebted to Professor Rideal for his stimulating interest, and to Dr. 
Stenhagen for much valuable assistance and discussion. This work was carried out during the 
tenure of a Ramsay Memorial Fellowship, for which I should like to make due acknowledgment 
to the Trustees. 


THE DEPARTMENT OF COLLOID SCIENCE, 
CAMBRIDGE. 
[Received, February 14th, 1939.] 





162. w-Trichloro- and w-Dichloro-«-picoline. 
By P. Dyson and D. Li. HAMmick. 


It is shown that w-trichloro-a-picoline is produced when «-picoline is chlorinated in 
glacial acetic acid containing excess of potassium acetate. w-Trichloro-a-picoline can 
be (1) hydrolysed to picolinic acid, (2) reduced to w-dichloro-a-picoline, which on 
hydrolysis yields pyridine-2-aldehyde. 


SELL (J., 1905, 87, 799; 1908, 93, 1993) has shown that the action of chlorine on an aque- 
ous solution of «-picoline hydrochloride yields as a main product 3: 4:5: a: : a-hexa- 
chloro-«-picoline, together with some 3:5: ::«-pentachloro-a-picoline. We have 
so modified the conditions as to limit chlorination to the side chain (cf. Hammick, 
J., 1926, 1302) and have thus opened up a route by hydrolysis to picolinic acid 
and its aldehyde. When chlorine is passed into a solution of «-picoline in glacial 
acetic acid heavily buffered with potassium acetate, a halogenated product is obtained, 
from which w-trichloro-«-picoline can be separated by distillation under diminished pressure 
in yields of about 25%, calculated on the original base. When the amount of chlorine 
necessary for disubstitution only is passed in, the w-chlorinated product obtained is again 
mainly the w-trichloro-derivative, picoline being recoverable unchanged; picoline thus 
behaves as does quinaldine under analogous conditions (Hammick, Joc. cit.). 

«-Trichloro-«-picoline can be reduced to the dichloro-compound by stannous chloride, 
though the amount of reducing agent necessary is considerably more (about twice) than the 
calculated quantity. In this respect also w-trichloro-«-picoline resembles the corresponding 
quinaldine derivative. 

«-Trichloro- and «-dichloro-«-picoline are hydrolysable to picolinic acid and to pyridine- 
2-aldehyde respectively. They are, however, rather unstable liquids, that resinify on 
keeping (particularly the dichloro-compound) and on heating. 


EXPERIMENTAL. 


w-Trichloro-a-picoline.—100 G. (1 mol.) of «-picoline in 500 c.c. of glacial acetic acid were 
heated on the water-bath with 300 g. (3 mols.) of potassium acetate. In the course of about 
10 hours, 210 g. (3 mols.) of chlorine were led into the hot mixture; potassium chloride separated. 
The oil obtained on pouring into water was separated and distilled in steam. The colourless 
oil that came over was washed with sodium bicarbonate solution, taken up in ether, and dried 
over anhydrous sodium sulphate. On removal of the ether 62 g. of chlorinated product were 
obtained, which gave on distillation at 15 mm., 55 g. of b. p. 112—115°. The yield of w-trichloro- 
a-picoline was about 25%, considerable loss occurring during the steam and other distillations, 
tarry and resinous products being formed (Found: Cl, 53-6, 54-2. C,H,NCl, requires Cl, 
542%). The hydrolysis of this substance to picolinic acid (see below) shows that the three 
chlorine atoms are substituted in the side chain. 

«-Trichloro-«-picoline is soluble in concentrated hydrochloric acid but separates on dilution. 
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It appears to be less basic than a-picoline and no picrate could be prepared. When a solution 
of it in glacial acetic acid is distilled under diminished pressure, a liquid comes over at 125— 
126°/15—16 mm. that solidifies on standing; m. p. ca. 127°. The properties of this substance 
showed that it is w-trichloro-a-picoline acetate. 

Hydrolysis of w-Trichloro-a-picoline.—w-Trichloro-«-picoline (10 g.) was refluxed with 100 c.c. 
of 30% sulphuric acid for 8 hours. The mixture was then distilled in steam to remove a small 
quantity of unchanged material and evaporated to about 40c.c. On standing after the addi- 
tion of a slight excess of a saturated solution of copper acetate, the characteristic violet copper 
salt of picolinic acid separated. This was washed, the acid liberated from it by the action of 
hydrogen sulphide, and the filtered solution evaporated to dryness. The solid was recrystal- 
lised from alcohol, m. p. 133° (Weidel, Ber., 1879, 12, 1992). Yield, 2-2 g. 

«-Dichloro-a-picoline.—Attempts to prepare this compound by regulating the supply of 
chlorine were unsuccessful. Thus 70 g. (2 mols.) of chlorine were passed into 50 g. of «-picoline 
in buffered (3 mols. of potassium acetate) acetic acid and yielded 30 g. of oil which on fraction- 
ation gave 14 g. of w-trichloro-a-picoline and 5 g. of a liquid, b. p. 100—103°/16 mm., with a 
chlorine content of 48-7%. This corresponds to a roughly equimolecular mixture of di- and 
tri-chloro-derivatives. Unchanged «-picoline was recovered from the original reaction mixture. 
«-Dichloro-a-picoline was therefore obtained by the reduction of w-trichloro-«-picoline. 
«-Trichloro-a-picoline (7-5 g.; 1 mol.) in 30 c.c. of acetone was treated with 17-1 g. (2 mols.) 
of stannous chloride in 100 c.c. of acetone containing 10 c.c. of concentrated hydrochloric acid. 
The mixture was heated under reflux for 1 hour, poured into water, and distilled in steam. The 
colourless oil that came over was taken up in ether and dried over anhydrous sodium sulphate ; 
3 g. of product were obtained, b. p. 90—92°/15—16 mm. (Found: Cl, 44:2. C,H,NCl, requires 
Cl, 43-9%). 

Hydrolysis of w-Dichloro-a-picoline.—Hydrolysis can be affected by the method described 
above for w-trichloro-«-picoline; for the rapid removal of chlorine from small quantities the 
following method was used: w-Dichloro-«-picoline (2 g.) in 100 c.c. of alcohol was treated with 
13 g. of silver nitrate in a small quantity of water. The mixture was refluxed for $ hour, excess 
of dilute hydrochloric acid added, and the alcohol removed by steam distillation. Excess of 
chalk was now added to the solution, which, after filtration, was again distilled in steam. The 
distillate was made acid with hydrochloric acid and evaporated until the crystalline hydro- 
chloride separated. This was made alkaline with a paste of potassium carbonate and water 
and extracted with ether. After drying with anhydrous sodium sulphate, the ether was re- 
moved, to leave about 0-5 g. of pyridine-2-aldehyde, b. p. 181°. The identity of this substance 
was further confirmed by the preparation of its bisulphite compound, which sublimed at ca. 
160° (Harries and Lenart, Amnalen, 1915, 410, 95). We also prepared a 2: 4-dinitrophenyl- 
hydrazone, m. p. 213°, unchanged on admixture with a specimen made from authentic pyridine- 
2-aldehyde (Found : C, 49-95; H, 3-0; N, 24-1. C,,H,O,N, requires C, 50-2; H, 3-1; N, 24-4%). 
We find that the p-nitrophenylhydrazone melts sharply at 245°, not indefinitely at 230—235° 
as stated by Harries and Lenart (loc. cit.). 


We wish to thank Imperial Chemical Industries, Ltd. (Dyestuffs Branch) for grants and for 
permission to publish our results. 
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163. <A Synthesis of Glucosamine. 


By W. O. CUTLER and S. Pear. 


The configuration of glucosamine has been confirmed by the direct replacement 
by an amino-group of the p-toluenesulphonyl residue in 2-p-toluenesulphony] 3 : 4 : 6- 
trimethyl B-methylglucopyranoside. This replacement is not accompanied by Walden 
inversion. 
CONFIRMATION of the structure assigned to glucosamine on the basis of synthetical experi- 
ments by Haworth, Lake, and Peat (this vol., p. 271) is now furnished as a consequence 
of the synthesis of N-acetyl trimethyl §-methylglucosaminide by an alternative route. 
This method concerns the direct replacement of a #-toluenesulphonyl residue by an 
amino-group. 
It is well established that the removal of the ester residue from a sugar p-toluensulphon- 
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ate is accompanied by Walden inversion only when the possibility exists within the sugar 
molecule of anhydro-ring formation involving two asymmetric carbon atoms. When the 
hydroxyl groups other than that bearing the #-toluenesulphony] residue are suitably pro- 
tected, as, for instance, by ether formation, it is found that alkaline reagents either do 
not bring about hydrolysis or cause separation of the #-toluenesulphonyl group without 
Walden inversion (cf. Freudenberg and Ivers, Ber., 1922, 55, 929; Haworth, Hirst, and 
Pannizon, J., 1934, 154; Oldham and Robertson, J., 1935, 685; Peat and Wiggins, J., 
1938, 1088). It was clear, therefore, that if the #-toluenesulphonyl group in 2-f-toluene- 
sulphonyl 3 : 4 : 6-trimethyl 6-methylglucopyranoside (I) were replaceable by the amino- 
group, the product would be a derivative of d-glucose (II). 
CH,°OMe CH,"OMe CH,°OMe 


H |_ 4 OMe H | o. OMe 0. OMe 
xz H 
ma x» incall <a H mils OMe #H . 
MeO |——| H M i H MeO = 

H OTs NH, H NHAc 

(I.) (II.) (III.) 
The exchange of groups was accomplished by heating the compound (I) with methyl- 
alcoholic ammonia in an autoclave at 175° for 72 hours. Subsidiary reactions involving 
decomposition of the sugar greatly diminished the yield of the amino-sugar (II), which 
also was accompanied by a large proportion of unchanged material. It was found possible, 
however, to isolate the amino-sugar in the form of its N-acetyl derivative (III). This 
product (2-acetamido trimethyl 8-methylglucopyranoside) was identical with the corres- 
ponding compound prepared from natural glucosamine by Cutler, Haworth, and Peat 
(J., 1937, 1979). It follows that the configuration on C, is the same in glucosamine as in 
d-glucose. 
EXPERIMENTAL. 

The Action of Methyl-alcoholic Ammonia on 2-p-Toluenesulphonyl 3: 4: 6-Trimethyl 
6-Methylglucoside—The glucoside (2-7 g.) (Haworth, Hirst, and Pannizon, Joc. cit.) was 
heated at 175° for 72 hours in an autoclave with dry methyl alcohol (500 c.c.) saturated with 
anhydrous ammonia. The solution was then cooled and concentrated under diminished pres- 
sure. The residue, after being freed from ammonia by heating it at 60° in a vacuum for several 
hours, was extracted with chloroform, the solution filtered, and the solvent evaporated. The 
residual syrup (1-5 g.) was subjected to fractional distillation in a high vacuum. Fraction I 
(0-5 g.) distilled at bath temp. 115—120°/0-015—0-020 mm. Little further distillation occurred 
when the bath temperature was raised and the dark residue (0-85 g.) in the flask consisted largely 
of unchanged 2-p-toluenesulphonyl] 3: 4: 6-trimethyl B-methylglucoside. Fraction I showed 
Mp 1-4415 and [a]? + 11-1° in dry methyl aclohol (c, 1-264). It reduced Fehling’s solution 
only after boiling with dilute sulphuric acid. The Molisch test was positive (Found: N, 1:3; 
OMe, 54:0%). A van Slyke estimation showed the presence of a small amount of amino-nitrogen. 

Acetylation of Fraction I.—The distillate (0-3 g.), dissolved in dry methyl alcohol (5 c.c.), 
was mixed with acetic anhydride (0-5 c.c.) and kept at room temperature for 12 hours. There- 
after the solution was poured into iced water, neutralised with sodium bicarbonate, and 
extracted with chloroform, and the extract dried over anhydrous magnesium sulphate. On 
filtration and removal of the chloroform, a syrup (0-25 g.) remained, which was subjected to 
fractional distillation in a high vacuum. A nitrogen-free fraction distilled at 95—100°/0-004 
mm. The residue in the flask crystallised on cooling; after two recrystallisations from ethyl 
acetate, it had m. p. 195° and [a«]}”” — 29-4° in water (c, 0-408). It was N-acetyl 3: 4: 6- 
trimethyl $-methylglucosaminide. There was no depression of m. p. in admixture with a 
specimen of N-acetyl 3:4: 6-trimethyl B-methylglucosaminide prepared from glucosamine. 
Cutler, Haworth, and Peat (loc. cit.) record for N-acetyl 3:4:6-trimethyl B-methyl- 
glucosaminide : [a]i®° — 29-0° in water (c, 0-280), m. p. 195°. 


The authors are greatly indebted to Professor W. N. Haworth, F.R.S., for his interest in 
this work. 
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164. The Bromination of Some 4-Quinolones. 
By H. P. W. Huceitt and S. G. P. PLANT. 


The bromination of 1: 2:3: 4-tetrahydroacridone has given the 7-bromo- and 
the 7: 9-dibromo-derivative, which are best characterised by conversion into the 
corresponding 7-bromo- and 7 : 9-dibromo-5-chloro-1 : 2: 3 : 4-tetrahydroacridines, and 
also by-products containing an atom of bromine which is much more reactive than that 
in the simple substitution products and is presumably attached to the partly reduced 
ring. The bromination of 7 : 9-dimethyl-1 : 2 : 3 : 4-tetrahydroacridone gives a similar 
reactive monobromo-derivative as the main product. 


A stupy of the bromination of certain 2 : 3-disubstituted 4-quinolones has shown that the 
reaction is not entirely restricted to the introduction of bromine at the expected positions 
in the benzene ring. Treatment of 1:2:3:4-tetrahydroacridone (I; hereafter called 
“ tetrahydroacridone ’’) with one molecular proportion of bromine in glacial acetic acid 
gave 7-bromotetrahydroacridone as the main product, the structure of which followed 
from its synthesis, by an application of Tiedtke’s method (Ber., 1909, 42, 621), from 
5-bromoanthranilic acid and cyclohexanone. Since these 4-quinolones are in general high- 
melting substances not particularly suitable for direct comparison, the identity of the two 
specimens was confirmed by converting each into the more characteristic 5-chloro-7- 
bromotetrahydroacridine by heating with a mixture of phosphorus oxychloride and phos- 
phorus pentachloride. Extraction of the crude bromination product with alcohol removed, 
however, a fraction which differed fundamentally from the 7-bromo-derivative, for it 
contained reactive bromine and gave a pyridinium salt, soluble in water, when its solution 
in pyridine was heated. Attempts to obtain a pure compound from this fraction have been 
unsuccessful and it seemed probable that at least two substances were present, one more 
basic than the other. Possible explanations of the formation of these by-products, which 
were found on analysis to contain one atom of bromine in the molecule, involve substitu- 


tion in the partly reduced ring or primary addition of bromine at the 11 : 12-position with 
subsequent elimination of hydrogen bromide or replacement of one bromine by hydroxyl. 
It must, however, be borne in mind that a bromine atom in the 6-position of the tetra- 
hydroacridone skeleton would exhibit some degree of activity (compare Nisbet, J., 1933, 


1372). 


CO 
Me H 
(I.) $9"? (II.) 


Me NH 


The further bromination of tetrahydroacridone with two molecular proportions of 
bromine gave 7 : 9-dibromotetrahydroacridone, but the yield was only moderate and it was 
clear that by-products were again formed in considerable quantity. The 7 : 9-dibromo- 
compound was also prepared from 3 : 5-dibromoanthranilic acid and cyclohexanone, and 
characterised by conversion into 5-chloro-7 : 9-dibromotetrahydroacridine. The formation 
of the 7-bromo- and the 7 : 9-dibromo-derivative is in accordance with the observation of 
Perkin and Sedgwick (J., 1924, 125, 2437) that the nitration of tetrahydroacridone leads 
to a mixture of 7- and 9-nitrotetrahydroacridone. 

A monobromo-derivative similar to the by-products described above was obtained in an 
apparently pure condition as the main product during the bromination under analogous 
conditions of 7 : 9-dimethyltetrahydroacridone, in which substitution in the more reactive 
positions is prevented by the presence of the methyl groups. It is impossible to say where 
the bromine is located in this product, but it is presumably attached to the reduced ring, 
since the substance readily combines with pyridine. The bromination of 2: 6: 8-tri- 
methyl-4-quinolone (II), on the other hand, has given a monobromo-derivative from which 
the halogen is not removed by pyridine, and, since the 3-position is unsubstituted in the 
starting material, it is likely that the bromine has entered at this point. It proved to be 
impossible to determine the structure of the product by converting it into 2:3: 6: 8- 
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tetramethyl-4-quinolone, which was prepared by condensing m-4-xylidine with ethyl aceto- 
acetate, introducing a methyl group through the sodium derivative, and heating the 
product to 260°. 

The method used by Tiedtke (loc. cit.) for the preparation of tetrahydroacridone from 
anthranilic acid and cyclohexanone, and extended in this work to the preparation of some 
derivatives, is an application of that used by Niementowski (Ber., 1894, 27, 1394) to obtain 
2-phenyl-4-quinolone. We have also prepared 2 : 3-dimethyl-4-quinolone, 2-phenyl-3- 
methyl-4-quinolone, 3-phenyl-2-benzyl-4-quinolone, and 5-keto-5 : 6 : 7 : 10-tetrahydroacrin- 
doline by an analogous procedure from anthranilic acid and methyl ethyl ketone, propio- 
phenone, dibenzyl ketone, and 1-keto-1 : 2 : 3 : 4-tetrahydrocarbazole respectively, but the 
yields were not so good as that of tetrahydroacridone. Anthranilic acid has been condensed 
with cyclohexane-1 : 2- and -1 : 4-dione with the formation of a monoanil from the former 
and a dianil from the latter, but neither could be transformed into the corresponding 
4-quinolone. Attempts to apply Niementowski’s reaction to acetone and u-valerophenone 
were unsuccessful. 


EXPERIMENTAL. 


Preparation of 7-Bromotetrahydroacridone.—Bromine (20 g.), dissolved in glacial acetic acid 
(170 c.c.), was added gradually to a solution of tetrahydroacridone (25 g., prepared by the method 
of Tiedtke, Joc. cit.) in acetic acid (500 c.c.), the whole being kept at room temperature and con- 
stantly shaken. The mixture was made alkaline with ice—-aqueous ammonia, and the resulting 
solid coliected, dried on the steam-bath, and extracted with boiling alcohol (200 c.c.). The 
residue was crystallised from cyclohexanone,-and 7-bromotetrahydroacridone obtained in small 
colourless prisms, m. p. 367° (Found: C, 56-4; H, 4-3. Calc.: C, 56-1; H, 43%). The same 
substance (mixed m. p.) was obtained by heating a mixture of 5-bromoanthranilic acid (10 g.) 
and cyclohexanone (8 c.c.), first at 150° for } hour and then at 220° for 4 hour, extracting the 
impurities' from the product with boiling benzene, and crystallising the residue from cyclo- 
hexanone. 7-Bromotetrahydroacridone differs from tetrahydroacridone in being insoluble in 
dilute hydrochloric acid. It is evidently identical with the substance (m. p. > 300°) obtained 
by Hughes and Lions (J. Proc. Roy. Soc. N.S.W., 1938, 71, 458) by condensing p-bromoaniline 
with ethyl cyclohexanone-2-carboxylate. 

Both the direct bromination product and the synthetical specimen (2-8 g.) in phosphorus 
oxychloride (10 c.c.) were treated with phosphorus pentachloride (2-2 g.) and refluxed for an 
hour in an oil-bath at 130°. The cooled solutions were poured into ice-water, filtered after a 
few hours to remove a small quantity of amorphous material, and made alkaline with ammonia. 
When the precipitate was crystallised from alcohol, 5-chloro-7-bromotetrahydroacridine was 
obtained in each case (mixed m. p.) in colourless needles, m. p. 99° (Found: C, 52-6; H, 3-9. 
C,;H,,NCIBr requires C, 52-6; H, 3-7%). It was readily soluble in dilute hydrochloric acid to 
give a yellow solution. 

When the alcoholic extract from the direct bromination product was cooled, a solid (usually 
about 3 g.) separated. Although this dissolved completely in concentrated hydrochloric acid, 
when its solution in hot alcohol was poured into dilute hydrochloric acid (3%) it was resolved 
into an insoluble and a soluble fraction, the latter being recovered from the acid solution, after 
filtration, by the addition of ammonia. Both melted with decomposition at about 195°, but 
they have not been obtained sufficiently pure for concordant analytical results, although it is 
certain that both contain one atom of bromine in the molecule. The bromine is in both cases 
reactive, since pyridinium salts, readily soluble in water and insoluble in the common organic 
solvents, separated when solutions of the products in pyridine were boiled. In the case of the 
substance more soluble in hydrochloric acid a pure compound, colourless plates, m. p. 152°, 
from alcohol, giving the analytical figures corresponding to a chlorobromotetrahydroacridine, 
was obtained by refluxing with phosphorus oxychloride and phosphorus pentachloride in the 
manner described above (Found: C, 52-6; H, 3-5%). 

Preparation of 7 : 9-Dibromotetrahydroacridone.—(a) When synthesised from 3 : 5-dibromo- 
anthranilic acid by a process similar to that used for the 7-bromo-compound, the yield of 7 : 9- 
dibromotetrahydroacridone, small colourless prisms, m. p. 287°, from pyridine, amounted to 35% 
of the theoretical (Found : C, 43-9; H, 3-3. C,,;H,,ONBr, requires C, 43-7; H, 3-1%). It did 
not give a compound with pyridine, since its solution in this solvent remained clear after being 
refluxed for an hour and the substance separated unchanged on cooling. It was also found to 
be insoluble in dilute acids and alkalis. 

3F 
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After a mixture of the dibromo-compound (3-5 g.), phosphorus oxychloride (10 c.c.), and 
phosphorus pentachloride (2-2 g.) had been refluxed for an hour in an oil-bath at 130°, cooled, 
and stirred with an excess of ice-water, the solid which separated was ground with concentrated 
hydrochloric acid. When the filtered solution was diluted with water, 5-chloro-7 : 9-dibromo- 
tetrahydroacridine, colourless prisms, m. p. 170—173°, from cyclohexanone, was precipitated 
(Found: C, 41-5; H, 2-8. C,;H, NCIBr, requires C, 41-5; H, 2-7%). 

(b) When tetrahydroacridone (10 g.) in glacial acetic acid (200 c.c.) at room temperature was 
treated gradually with bromine (18 g.), dissolved in acetic acid (165 c.c.), the whole made 
alkaline with ammonia, and the solid product crystallised from pyridine, 7 : 9-dibromotetra- 
hydroacridone (about 8 g.) was obtained, although on a few occasions the yield was considerably 
less. Its identity was established by mixed m. p. and by conversion into 5-chloro-7 : 9-dibromo- 
tetrahydroacridine. A similar result was obtained when 7-bromotetrahydroacridone was 
treated under analogous conditions with 1 molecular proportion of bromine. 

7 : 9-Dimethylietrahydroacridone and its Bromination.—7 : 9-Dimethyltetrahydroacridone has 
been prepared by Sen and Basu (J. Indian Chem. Soc., 1930, 7, 435) by condensing m-4-xylidine 
with ethyl cyclohexanone-2-carboxylate and heating the resulting unsaturated ester, which they 
were unable to obtain solid. We have now found that the condensation takes place much more 
rapidly on the addition of a trace of hydrochloric acid, as reported in analogous cases by Coffey, 
Thomson, and Wilson (J., 1936, 856), and that the ester can be obtained in colourless needles, 
m. p. 69°, from alcohol (Found: N, 5-2. Calc.: N, 5-1%). The 7: 9-dimethyltetrahydro- 
acridone obtained by heating the ester to 265° crystallised from cyclohexanone in small colourless 
needles, m. p. 318°. It dissolved readily in very dilute hydrochloric acid, but the hydrochloride 
was sparingly soluble in more concentrated acid. It was converted into 5-chloro-7 : 9-dimethyl- 
tetrahydroacridine, colourless needles, m. p. 94°, from alcohol, by a process similar to that 
described for 7-bromotetrahydroacridone (Found : C, 73-2; H, 6-6. C,;H,,NClrequires C, 73-3; 
H, 6-5%). 

After 7: 9-dimethyltetrahydroacridone (6-9 g.) in glacial acetic acid (150 c.c.) had been 
treated gradually at room temperature with bromine (4-8 g.) dissolved in acetic acid (45 c.c.), 
the solution was filtered to remove a small amount of precipitated solid, and the filtrate diluted 
with water (1 1.). The whole was left for an hour, the solid then collected and dissolved in 
boiling alcohol, and the solution poured into 2% hydrochloric acid (1 1.). The monobromo- 
derivative which slowly separated was collected after 24 hours, some unchanged 7 : 9-dimethyl- 
tetrahydroacridone remaining in solution. It crystallised from alcohol in pale yellow plates, 
m. p. 196° (decomp.) (Found: C, 58-5; H, 5-2; Br, 27-0. C,;H,,ONBr requires C, 58-8; H, 
5-2; Br, 26-1%). It gave a pyridinium salt, which separated as a white solid, soluble in water, 
when a solution of the monobromo-compound in pyridine was heated on the steam-bath. 

Bromination of 2: 6 : 8-Trimethyl-4-quinolone.—When this substance (4-7 g., prepared by 
the method of Conrad and Limpach, Ber., 1888, 21, 523) in glacial acetic acid (100 c.c.) was 
treated with bromine (4 g. in a small amount of acetic acid) at room temperature, an orange 
precipitate soon separated, but this dissolved on shaking to give a clear solution, from which the 
hydrobromide (7 g.) of ?-bromo-2 : 6 : 8-trimethyl-4-quinolone was deposited on standing. The 
salt was ground with aqueous ammonia, and the base obtained in small colourless needles, m. p. 
272—-274°, on crystallisation from cyclohexanone (Found: C, 54-3; H, 4:5. C,,H,,ONBr 
requires C, 54:1; H, 45%). It crystallised unchanged after its solution in pyridine had 
been boiled for an hour, and was converted into 4-chloro-?-bromo-2 : 6 : 8-trimethylquinoline, 
colourless needles, m. p. 107°, from alcohol, by a process similar to that described in the case 
of 7-bromotetrahydroacridone (Found: C, 50-4; H, 3-7. C,,H,,NCIBr requires C, 50-6; 
H, 3-9%). 

2:3: 6: 8-Tetramethyl-4-quinolone.—After a mixture of m-4-xylidine (50 g.) and ethyl 
acetoacetate (54 g.) to which a drop of concentrated hydrochloric acid had been added had been 
left for 12 hours under reduced pressure in a desiccator, it was dissolved in benzene, and the 
solution dried with sodium sulphate and treated with sodium wire (9 g.). When the sodium had 
completely reacted, methyl iodide (25 c.c.) was added, and the whole warmed for a short time 
on the steam-bath, cooled, and poured into water. After the benzene layer had been dried and 
evaporated, the residual oil was heated at 265° for 15 minutes. The 2: 3: 6 : 8-tetramethyl-4- 
quinolone which remained was washed with boiling benzene and further purified by boiling its 
solution in an excess of alcohol with charcoal. It crystallised from the filtered solution after 
most of the solvent had been removed, and was then obtained from cyclohexanone in colourless 
needles, m. p. 300° (rapid heating on account of considerable previous darkening) (Found : 
N, 7-2. C,3;H,,ON requires N, 70%). By a process similar to that applied to 7-bromotetra- 
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hydroacridone it was converted into 4-chloro-2 : 3 : 6 : 8-tetramethylquinoline, colourless needles, 
m. p. 89°, from alcohol (Found: C, 71-5; H, 6-1. C,3H,,NCl requires C, 71-0; H, 6-4%). 

Applications of Niementowski’s Reaction.—(a) When a mixture of anthranilic acid (5 g.) and 
methyl ethyl ketone (5 c.c.) was heated at 280° for an hour under a reflux air condenser, and the 
remaining solid washed with boiling benzene, 2 : 3-dimethyl-4-quinolone, colourless needles, 
m. p. 325°, from alcohol, was obtained in a yield of 11% (of the theoretical) (Found: C, 76-5; 
H, 6-3. Calc.: C, 76-3; H, 6-3%). It was obviously identical with the compound obtained 
by Conrad and Limpach (Ber., 1891, 24, 2991) from ethyl B-anilino-«-methylcrotonate, and by 
Wohnlich (Arch. Pharm., 1913, 251, 526) from o-acetamidopropiophenone. 

(b) 2-Phenyl-3-methyl-4-quinolone, colourless needles, m. p. 280°, from alcohol, was simi- 
larly prepared in 23% yield from propiophenone (Found: C, 81-8; H, 5-5. Calc.: C, 81-7; 
H, 5-5%). Wohnlich (loc. cit.) and Dzieworiski and Mayer (Chem. Zenir., 1933, ii, 3569) prepared 
this substance from o-benzamidopropiophenone, and 4-anilino-2-phenyl-3-methylquinoline, 
respectively. 

(c) 3-Phenyl-2-benzyl-4-quinolone, colourless needles, m. p. 312°, from alcohol, was obtained 
in 35% yield by a similar process from dibenzyl ketone, and was apparently identical with the 
compound obtained by von Braun and Heymons (Ber., 1930, 63, 3191) from 4-anilino-3-phenyl- 
2-benzylquinoline (Found : C, 84-7; H, 5-6. Calc.: C, 84-9; H, 5-5%). 

(d) 5-Keto-5 : 6: 7: 10-tetrahydroacrindoline (yield 23%), a yellow micro-crystalline solid, 
m. p. above 360°, from cyclohexanone, was prepared by heating anthranilic acid (1-5 g.) with 
1-keto-1 : 2 : 3 : 4-tetrahydrocarbazole (2 g.) at 280° for } hour and washing the product with 
boiling benzene (Found : C, 79-5; H, 5-0. C,,H,,ON, requires C, 79-7; H, 49%). 

Condensation of Anthranilic Acid with cycloHexane-1 : 2- and -1 : 4-dione.—(a) After cyclo- 
hexane-1 : 2-dione (3 g.) and anthranilic acid (3 g.) in alcohol (25 c.c.) had been refluxed for 12 
hours, N-2’-ketocyclohexylideneanthranilic acid separated on cooling in pale greenish-yellow plates, 
m. p. 172° (Found: C, 67-7; H, 5-7. C,3H,,0,;N requires C, 67-5; H, 5-6%). 

(b) The di-o-carboxyanil of cyclohexane-1 : 4-dione separated when a solution of the diketone 
(2 g.) and anthranilic acid (2-6 g.) in alcohol (40 c.c.) was boiled under reflux. After 12 hours 
the product (3 g.) was collected and obtained from acetophenone in small colourless prisms, 
m. p. 261° (decomp.) (Found : C, 69-2; H, 5-1. C,9H,,0,N, requires C, 68-6; H, 5-1%). 
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165. Syntheses in the Phenanthrene Series. Part X. 
8-M ethoxy-1-methylphenanthrene. 


By J. Lockett and W. F. Snort. 


The product previously obtained (Part VIII) from 1-$-o-anisylethyl-2-methyl- 
cyclohexene (I) is not 8-methoxy-1-methylphenanthrene. This compound has now been 
synthesised from 1-8-0-anisylethyl-2 : 6-dimethylcyclohexene (IV). 


In Part VIII (J., 1937, 1619) it was stated that 1-8-o-anisylethyl-2-methyleyclohexene (I) 
could be converted into 8-methoxy-1-methylphenanthrene (m. p. 96—97°; picrate, m. p. 
141-5—142-5°) by the successive action of aluminium chloride and sulphur. A small 
yield of a picrate, which did not depress the m. p. of that obtained by this method, was 
obtained from the product of the action of methylmagnesium iodide and sulphur on the 
ketone C,;H,,0,, m. p. 88—89°, prepared by the dehydration of y-5-methoxy-1-naphthyl- 
butyric acid (II). This ketone was therefore considered to be 1-keto-8-methoxy-1 : 2: 3: 4- 
tetrahydrophenanthrene. The necessity for a revision of this work became apparent when 
it was found (Part IX; J., 1938, 694) that the principal product obtained by cyclisation 
and dehydrogenation of 1-$-p-anisylethyl-2-methylcyclohexene (III) was 3-methoxy- 
phenanthrene. 

We have now prepared 1-$-0-anisylethyl-2 : 6-dimethylcyclohexene (IV) and find that on 
cyclisation and dehydrogenation it affords 8-methoxy-1-methylphenanthrene, m. p. 117-6— 
118° (picrate, m. p. 151—152°). y-5-Methoxy-l-naphthylbutyric acid (II) has been pre- 
pared both from coumarin via 1-keto-5-methoxy-1 : 2 : 3 : 4-tetrahydronaphthalene (V) and 
y-5-methoxy-1 : 2: 3: 4-tetrahydro-\-naphthylbutyric acid (VI) and from 6-hydroxy-l- 
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naphthylamine, through 1-iodo-5-methoxynaphthalene and _ -5-methoxy-1l-naphthoyl- 
propionic acid. Cyclisation of the acid invariably afforded the ketone, m. p. 88—89°, 
although Kon and Ruzicka (J., 1936, 187) obtained from it an additional isomeric ketone, 
m. p. 137°. The successive action of methylmagnesium iodide and sulphur on the ketone 
of lower m. p. afforded a compound, the picrate of which melted somewhat higher than that 
previously obtained, and analysis of the parent compound, m. p. 105—106°, showed that it 
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cannot be a methoxymethylphenanthrene. We therefore suggested that the ketone, m. p. 
88—89°, must be 7-keto-4-methoxy-7 : 8-dihydrohomophenalene (VII), a structure which 
harmonises better with its fission by hydrobromic acid to y-5-hydroxy-l-naphthylbutyric 
acid (Part VIII) and has been shown to be correct by Kon and Soper (following paper). 
Specimens of 8-methoxy-l-methylphenanthrene and its picrate prepared by Kon and 
Soper (loc. cit.) from the isomeric ketone, m. p. 137°, caused no depression in m. p. on 
admixture with our preparations from 1-$-o-anisylethyl-2 : 6-dimethylcyclohexene. The 
ketone, m. p. 137°, must therefore be 1-keto-8-methoxy-l : 2: 3 : 4-tetrahydrophen- 
anthrene as originally suggested by Kon and Ruzicka (loc. cit.). 
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EXPERIMENTAL. 


1-8-0-A nisylethyl-2 : 6-dimethylcyclohexan-1-ol,—2 : 6-Dimethylcyclohexanone, prepared either 
from ethyl 2-methylcyclohexanone-6-carboxylate (Ruzicka, Koolhaas, and Wind, Helv. Chim. 
Acta, 1931, 14, 1163) or by the oxidation of 2: 6-dimethylcyclohexanol (Skita, Ber., 1923, 
56, 2241), was purified through the oxime (Wallach, Annalen, 1912, 397, 200). Addition of the 
ketone to a cold Grignard solution prepared from §-o-anisylethyl chloride (J., 1937, 1620) 
afforded the tertiary alcohol as a viscous liquid, b. p. 185°/3-5 mm. (Found: C, 78-1; H, 10-0. 
C,,H,,0, requires C, 77-9; H, 9-9%), and dehydration of this with potassium hydrogen sulphate 
yielded 1-6-o-anisylethyl-2 : 6-dimethylcyclohexene (IV), b. p. 165—168°/7 mm. (Found: C, 
83-2; H, 9-9. C,,H,,O requires C, 83-6; H, 9-8%). 

8-Methoxy-1-methylphenanthrene, obtained by treatment of (IV) with aluminium chloride 
and dehydrogenation with sulphur, separated from methyl alcohol in stout needles, m. p. 
117-5—118° (Found: C, 86-3; H, 6-1. C,,H,,O requires C, 86-5; H, 63%). The picrate 
separated from alcohol in orange-red needles, m. p. 151—152° (Found: C, 58-45; H, 3-55; 
N, 8-9. C,,H,,0,C,H,O,N, requires C, 58-5; H, 3-8; N, 9-3%). Admixture of the phenan- 
threne and its picrate with the products obtained by Kon by an alternative synthesis (following 
paper) caused no depression in m. p. 

5-Methoxy-1-naphthylamine.—Acetylation of 5-hydroxy-1 -naphthylamine with acetic 
anhydride (5 mols.) at room temperature and crystallisation of the product from chloroform 
gave 5-acetamido-1-naphthol, m. p. 176—177°, in 83% yield (Found : C, 71-4; H, 5-7. C,,H,,0,N 
requires C, 71-6; H, 5-7%). Methylation at 0—20° with methyl sulphate (1-3 mols.) and 
2-8% sodium hydroxide solution (1-2 mols.) afforded the methyl ether, which separated 
from alcohol in colourless plates, m. p. 189—190° (Found: C, 72-6; H, 5-9. C,,;H,,0,N 
requires C, 72-6; H, 605%). Yield, 66%. The acetyl group was removed from the preceding 
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compound (100 g.) by boiling for 2 hours with alcohol (750 c.c.) and concentrated hydrochloric 
acid ( 200c.c.). 5-Methoxy-1-naphthylamine, isolated in the usual way, crystallised from methyl 
alcohol in colourless prisms, m. p. 80—81° (Found: C, 75,95; H, 6-5. C,,H,,ON requires 
C, 76-3; H, 6-4%). Yield, 80%. 

1-Iodo-5-methoxynaphthalene.—A 57% yield of this iodo-compound was obtained from 
5-methoxy-1-naphthylamine by diazotisation and reaction with potassium iodide. It was purified 
by distillation, b. p. 165—175°/6 mm., and crystallisation from alcohol, from which it separated 
in cream plates, m. p. 79—80° (Found: C, 46-6; H, 3-4. (C,,H,,OI requires C, 46-5; 
H, 3-2%). 

6-5-Methoxy-1-naphthoylpropionic Acid.—-The reaction between a Grignard solution prepared 
from the preceding iodo-compound and succinic anhydride under the conditions described in the 
case of the corresponding bromo-compound (J., 1937, 1621) afforded 8-5-methoxy-1-naphthoyl- 
propionic acid, m. p. 153—154°, in 29% yield. . 

y-0-Anisylpropyl Alcohol.—(1) Reduction of coumarin with sodium and ethyl alcohol 
(Semmler, Ber., 1906, 39, 2855) or amyl alcohol (v. Auwers, Annalen, 1918, 415, 152) afforded 
y-2-hydroxyphenylpropyl alcohol, b. p. 176—178°/12 mm., in 53 and 45% yield respectively. 
Methylation of the alcohol in 10% sodium hydroxide solution (1-4 mols.) with methyl sulphate 
(1-4 mois.) gave an 82% yield of y-o-anisylpropyl alcohol, b. p. 145—-146°/10 mm., which was 
characterised as its 3 : 5-dinitrobenzoate, m. p. 113—114° (Found : C, 56-7; H, 4:5. C,,H,,0,N, 
requires C, 56-7; H, 4-4%). 

(2) Methylation of coumarin as described by Reimer and Howard (J. Amer. Chem. Soc., 
1928, 50, 197) gave methyl O-methylcoumarinate, b. p. 150—163°/10 mm., and o-methoxy- 
cinnamic acid, m. p. 86—87°, in 69 and 13% yield respectively. Catalytic reduction of the ester 
furnished methyl 8-o-anisylpropionate, b. p. 146—147°/10 mm., in quantitative yield and 
reduction of the acid afforded $-o-anisylpropionic acid (m. p. 85-5—86°; yield, 80%), from which 
a 50% yield of ethyl §-o-anisylpropionate, b. p. 140—155°/10 mm., was obtained with 10% 
alcoholic hydrogen chloride. The two esters were reduced with sodium (6 atoms) and absolute 
alcohol (28 mols.), y-o-anisylpropyl alcohol, b. p. 145—146°/10 mm., being obtained in 62% 
yield. 
y-0-A nisylbutyric Acid.—The preceding alcohol was converted into y-o-anisylpropyl chloride, 
b. p. 120—130°/10 mm., by the action of thionyl chloride and dimethylaniline or pyridine, the 
yields being 55 and 80% respectively. An 80% yield of the corresponding nitrile, b. p. 135— 
145°/12 mm., was obtained from the chloride and alcoholic potassium cyanide in presence of 
sodium iodide and copper sulphate. Hydrolysis of the nitrile with methyl-alcoholic potassium 
hydroxide furnished y-0-anisylbutyric acid, m. p. 39—39-5° (Found : C, 68-0; H, 7-5. C,,H4,0, 
requires C, 68-0; H, 7-2%). The yield of the acid was 60% and a small quantity of neutral 
by-product, b. p. 120—-122°/10 mm. (Found: C, 73-2; H, 9-1. C,,H,,O, requires C, 73-3; 
H, 8-9%), was shown to be y-o-anisylpropyl methyl ether by oxidation to O-methysalicylic acid, 
m. p. and mixed m. p. 99—100°. 

1-Keto-5-methoxy-1 : 2: 3 : 4-tetrahydronaphthalene.—Ring closure of the preceding acid with 
phosphoric oxide—benzene produced the ketone in 16% yield, and after numerous trials with 
sulphuric acid and stannic chloride the following method was devised. Phosphorus oxy- 
chloride (5 c.c.) was added drop by drop to a solution of the acid (10 g.) in tetrachloroethane 
(200 c.c.), and the mixture boiled for 24 hours. The ketone, isolated in the usual way, separated 
from light petroleum (b. p. 40—60°) in white plates, m. p. 89—89-5° (Found: C, 75-0; H, 6-8. 
C,,H,,O, requires C, 75-0; H, 6-7%). Yield, 55%. The semicarbazone melted at 249—250°. 

6-(5-Methoxy-1: 2:3: 4-tetrahydro-l-naphthyljethyl Alcohol—A 75% yield of ethyl 5- 
methoxy-3 : 4-dihydro-1-naphthylacetate, b. p. 160—175°/0-6 mm., was obtained from the 
cyclic ketone by the Reformatsky reaction, followed by dehydration with phosphoric oxide. 
Reduction of the unsaturated ester with sodium (7 atoms) and absolute alcohol (15 mols.) gave 
a 61% yield of the alcohol, b. p. 160—175° /0-6 mm., and a small amount of 5-methoxy-1 : 2 : 3 : 4- 
tetrahydronaphthylacetic acid, m. p. 146—147°, was isolated as a by-product. The alcohol 
was characterised as the 3 : 5-dinitrobenzoate, which separated from ligroin in slightly yellow, 
clustered needles, m. p. 107—108° (Found: C, 59-8; H, 5-2. C,.H,,O,N, requires C, 60-0; 
H, 5-0%). 

y-(5-Methoxy-1 : 2: 3 : 4-tetrahydro-l-naphthyl)butyric Acid——A solution of phosphorus 
tribromide (3-4 c.c.) in chloroform (28 c.c.) was added below 5° with mechanical stirring to a 
mixture of the preceding alcohol (20 g.), dimethylaniline (4-6 c.c.), and chloroform (50 c.c.) and, 
after standing for 12 hours at room temperature, the bromide was isolated in the known manner. 
Yield, 62%. The crude bromide, which could not be distilled without decomposition, was 
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heated at 120—130° for 60 hours with ethyl potassiomalonate (from 1-7 atoms of the metal and 
2-0 mols. of ester) suspended in dry toluene. The malonic ester so obtained (yield, 65%) was 
hydrolysed to 6-(5-methoxy-1 : 2 «3 : 4-tetrahydro-\-naphthyljethylmalonic acid, m. p. 124—126° 
(Found: C, 66-0; H, 6-7. C,,H,,O, requires C, 65-8; H, 68%). Yield, 85%. Decarboxy- 
lation was effected by heating at 190—210° for 2 hours and the resulting y-(5-methoxy-1 : 2: 3: 4- 
tetrahydro-1-naphthyl)butyric acid crystallised from light petroleum in plates, m. p. 67—68° 
(Found: C, 72-3; H, 81. C,,;H,,O, requires C, 72-6; H, 8-1%). Yield, 95%. 

y-(5-Methoxy-1-naphthyl)butyric Acid.—(1) Reduction of 6-5-methoxy-1-naphthoylpropionic 
acid by Clemmensen’s method, the technique previously described (J., 1937, 1621) being used, 
afforded y-(5-methoxy-1-naphthyl) butyric acid, m. p. 143°, in 58% yield. (2) Dehydrogenation 
of y-(5-methoxy-1 : 2: 3: 4-tetrahydro-l-naphthyl)butyric acid with sulphur (2 atoms) at 
190—210° for 5 hours gave the same acid, m. p. 141—142°, in 50% yield. 

Dehydration of y-(5-Methoxy-1-naphthyl)butyric Acid.—Dehydration of the acid either with 
phosphoric oxide—benzene or with stannic chloride invariably gave the same ketone, m. p. 
88—89°, the average yields being 47% and 39% respectively. The m. p. of the semicarbazone, 
227—-228°, was somewhat higher than the value previously recorded (J., 1937, 1621) (Found : 
C, 67-7; H, 5-9. Calc.: C, 67-8; H, 60%). Interaction between the cyclic ketone and 
methylmagnesium iodide, followed by dehydrogenation with sulphur, afforded, in addition to 
some unchanged ketone, a trace of a compound, m. p. 105—106° (picrate, m. p. ca. 157°), which 
cannot be a methoxymethylphenanthrene (Found: C, 75-0; H, 5-4. Calc. for C,,H,,0: 
C, 86-5; H, 6-3%). 

The compounds designated 1-keto-8-methoxy-1 : 2: 3: 4-tetrahydrophenanthrene (m. p. 
88—89°) and 8-methoxy-l-methyl-3 : 4-dihydrophenanthrene (m. p. 104—105°) in Part VIII 
(loc. cit., p. 1621) should now be named 17-hketo-4-methoxy-7 : 8-dihydrohomophenalene (VII) and 
4-methoxy-7-methylhomophenalene respectively. 


We thank the Chemical Society for a grant and Imperial Chemical Industries Ltd. (Dyestuffs 
Group) for the gift of chemicals. 
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166. Syntheses of Polycyclic Compounds related to the Sterols. 
Part VII. The Cyclisation of y-5-Methoxy-\1-naphthylbutyric Acid. 


By GrorGce A. R. Kon and HENrRy R. Soper. 


The ketone, m. p. 137°, obtained by the cyclisation of y-5-methoxy-1-naphthyl- 
butyric acid (II) (Kon and Ruzicka, J., 1936, 187) was originally formulated as (I) and 
this structure has now been confirmed by its conversion into 8-methoxy-1-methyl- 
phenanthrene. The isomeric ketone, m. p. 88—89°, is shown to be 7-keto-4-methoxy- 
7 : 8-dihydrohomophenalene (III), formed from the acid by peri-ring closure. 


In Part V (loc. cit.) it was stated that y-5-methoxy-l-naphthylbutyric acid could be con- 
verted by means of stannic chloride into a ketone, m. p. 137°, which was regarded as the 
tetrahydrophenanthrene derivative (I); the action of aluminium chloride on the chloride of 
the acid gave an isomeric compound, m. p. 88—89°, the structure of which was not deter- 
mined but it was shown that it was demethylated to a phenolic substance which on 
methylation gave a compound differing from the starting material. This was shown by 
Hill, Short, and Stromberg (J., 1937, 1619) to be the methoxy-acid (IT), so ring fission must 
have accompanied demethylation ; the ketone of lower melting point was the only product 
obtained by them and they regarded it as having the structure (I). From this com- 
pound they prepared what was thought to be 8-methoxy-1-methylphenanthrene. 

These reactions have now been reinvestigated. The preparation of the ketone, m. p. 
137°, is very uncertain and sometimes fails for no apparent reason and we were unable to 
work out the exact conditions for its formation, but we obtained a sufficient amount to 
treat it with methylmagnesium iodide and to dehydrogenate the crude product with palla- 
dised charcoal; the crystalline 8-methoxy-l-methylphenanthrene thus produced in good 





[1939] Polycyclic Compounds related to the Sterols. Part VII. 791 


yield was identical with the compound prepared by Lockett and Short (preceding paper) 
by an alternative method and different from that prepared by Hill, Stromberg, and Short 
(loc. cit.). The constitution originally assigned to the ketone (I) is thus fully confirmed. 
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The ketone, m. p. 88—89°, which is evidently the principal product of the cyclisation of 
the acid (II), was oxidised with chromic acid, whereby 4-methoxynaphthalene-l : 8- 
dicarboxylic acid (IV) was obtained in the form of its anhydride (Dzieworiski, Galitzer6wna, 
and Kocwa, Bull. Acad. Polonaise, 1926, A, 209). A specimen of this anhydride was also 
synthesised from 5-nitroacenaphthene and found to be identical with that obtained above. 

It therefore follows that peri-ring closure must have taken place in the formation of the 
lower-melting ketone, a possibility first suggested to the authors by Dr. W. F. Short in a 
private communication, and the ketone must in that case be 7-keto-4-methoxy-7 : 8- 
dihydrohomophenalene (III). The formation of a seven-membered in preference to a 
six-membered ring has been recorded by Fieser and Peters (J. Amer. Chem. Soc., 1932, 54, 
4347) and Fieser and Fieser (tbid., 1933, 55, 3342). 


EXPERIMENTAL. 


1-Keto-8-methoxy-1 : 2: 3 : 4-tetrahydrophenanthrene (I).—The action of stannic chloride on 
y-5-methoxy-l-naphthylbutyric acid was variable; on one or two occasions the ketone, m. p. 
137°, was obtained practically pure, but generally a mixture, m. p. 78—84°, was produced and 
the desired compound could only be isolated from it with great difficulty and in poor yield by 
fractional crystallisation from petroleum. A better result was achieved by diluting the stannic 
chloride with toluene: 0-5 g. of the acid, 1 c.c. of toluene, and 1 c.c. of stannic chloride were 
warmed on the steam-bath for 1 hour and the product was isolated by addition of dilute hydro- 
chloric acid and dissolved in ether. The dried ethereal solution was evaporated, and the toluene 
solution kept; the ketones gradually separated in large crystals, amongst which those of the 
high-melting ketone could easily be recognised and picked out. On a larger scale the crystals 
were hand-picked and recrystallised from methyl] alcohol, but the yields were always poor. 

An attempt was made to effect a separation by subjecting the mixture of ketones, from which 
most of the high-melting ketone had been mechanically separated, to the action of hydro- 
bromic acid in acetic acid in the hope that the ketone, m. p. 137°, would undergo demethylation, 
whereas the isomeride, m. p. 88—89°, would be reconverted into the acid (Hill, Short, and 
Stromberg, Joc. cit.). The product was then remethylated and boiled with alkali to hydrolyse 
any ester formed; the yield of the desired product was, however, small. 

8-Methoxy-1-methylphenanthrene.—A solution of 0-95 g. of the ketone, m. p. 137°, in 11 c.c. 
of benzene was added to an ice-cold Grignard reagent, prepared from 1-2 c.c. of methyl iodide 
in ether and decanted from the excess of magnesium. The reaction was completed by warming 
for 1 hour, and the product isolated by addition of ice and dilute sulphuric acid and dissolved in 
ether. After removal of the solvent the residual oil was heated with 0-7 g. of 10% palladised 
charcoal for 2 hours at a bath temperature of 300—330°. The dehydrogenation product was 
extracted with about 250 c.c. of light petroleum (b. p. 60—80°), and the solution percolated through 
a column of activated alumina, which was then thoroughly washed with the pure solvent. On 
evaporation of the solution 0-3 g. of 8-methoxy-1-methylphenanthrene was obtained; it crys- 
tallised from methyl alcohol in fine needles, m. p. 121—121-5° (Found: C, 86-5; H, 6-4. 
C,,H,,O requires C, 86-5; H, 6-3%). The picrate formed orange plates from alcohol, m. p. 
153—154° (Found: C, 58-7; H, 3-8. C,,H,,0,C,H,O,N, requires C, 58-5; H, 38%); the 
s-trinitrobenzene compound formed long yellow needles, m. p. 177—178° (Found: C, 60-4; 
H, 3-8. C,,H,,0,C,H,O,N, requires C, 60-7; H, 3-9%), and the styphnate, orange needles, 
m. p. 179—180° (Found : C, 56-8; H, 3:7. C,,H,,0,C,H,O,N; requires C, 56-5; H, 3-7%). 

Oxidation of the Ketone (III).—0-84 G. of coarsely powdered sodium dichromate was added in 
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small portions to a warm solution of 0-1 g. of the ketone in 1-5 c.c. of acetic acid, and the mixture 
boiled for 24 hours; long yellow needles separated. The product, precipitated in an amorphous 
form on addition of 10 c.c. of warm water, was collected when cold and washed with water. 
When it was boiled with 10% sodium carbonate solution, the amorphous portion gradually 
dissolved, leaving fine yellow needles, m. p. 255—257°. The alkaline solution was acidified and 
the precipitated solid recrystallised from ethyl acetate—alcohol and finally sublimed, more of 
the compound, m. p. 255—257°, being obtained. This was identified as 4-methoxynaphthalic 
anhydride by analysis (Found: C, 68-5; H, 3-6. Calc.: C, 68-4; H, 3-5%) and by compari- 
son (m. p. and mixed m. p.) with a specimen prepared as described below. 

5-Methoxyacenaphthene.—5-7 G. of 5-aminoacenaphthene (Fleischer and Schranz, Ber., 
1922, 55, 3253) in 28 c.c. of acetic acid were poured with vigorous stirring into an ice-cold 
solution of 13-7 c.c. of sulphuric acid in 78 c.c. of water, and the suspension diazotised at 2—3° 
with 3 g. of sodium nitrite in 14 c.c. of water. The excess of nitrous acid was destroyed with 
urea, and the olive-green solution poured in a thin stream into a boiling solution of 24 c.c. of 
sulphuric acid in 64 c.c. of water; after } hour’s boiling, the precipitated tar was washed with 
water and extracted by boiling for 10 minutes with 20 c.c. of 10% sodium hydroxide solution. 
The cold solution was filtered and warmed with 5 c.c. of methyl sulphate; 5-methoxyacenaph- 
thene (2-5 g.) was isolated by extraction with ether and had b. p. 174°/13 mm. _It solidified and 
formed pale buff, flattened needles, m. p. 66°, from methyl alcohol (Found: C, 84-7; H, 6-6. 
C,3;H,,0 requires C, 84:7; H, 6-6%). 

4-Methoxynaphthalic Anhydride.—5-Methoxyacenaphthene was oxidised exactly as described 
above and the product was purified in the same way; it formed yellow needles from acetic acid, 
m. p. 255—256°, giving a fine blue fluorescence in alcoholic solution. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY 
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167. The Condensation of 2-Methylnaphthalene with Acetyl Chloride. 


By Grorce A. R Kon and WILLIAM T. WELLER. 


The condensation of 2-methylnaphthalene with acetyl chloride in nitrobenzene 
solution constitutes a good method of preparation of 6-acetyl-2-methylnaphthalene; a 
smaller amount of the 2: 8-compound is also produced. The 2: 6-ketone has been 
reduced to 2-methyl-6-ethylnaphthalene. 


Tue Friedel-Crafts reaction between 2-methylnaphthalene and acetyl chloride was 
investigated by Dziewofiski and Brand (Bull. Int. Acad. Polon., 1933, A, 99), who obtained 
a mixture of products from which both 6- and 8-acetyl-2-methylnaphthalene (methyl- 
acetonaphthones) were isolated by a tedious fractional crystallisation of their oximes; 
the process did not appear suitable for the preparation of large quantities of the 2 : 6- 
ketone, which we required for another investigation. Haworth and Bolam (J., 1932, 2248) 
have, however, shown that substantially pure 2 : 6-derivatives are formed from 2-methy]l- 
naphthalene in the presence of nitrobenzene when condensed with propionyl chloride and 
with succinic anhydride; we therefore adapted their procedure to the reaction with acetyl 
chloride. 

The product was a semi-solid mixture, from which the desired solid 2 : 6-ketone could 
be separated by filtration, a further amount being recovered in the form of the very 
sparingly soluble semicarbazone, m. p. 237° (compare Dzieworiski and Brand, Joc. cit.). 
From the mother-liquors of this we isolated another, much more soluble semicarbazone, 
m. p. 181°, giving rise to a liquid ketone. As the semicarbazone of the 2: 8-ketone is 
described by Dzieworiski and Brand as melting at 228—230°, this was thought to be a new 
isomeride, However, it gave on oxidation with hypobromite an acid, m. p. 147—148°, 
and on reduction by Clemmensen’s method 2-methyl-8-ethylnaphthalene (Brunner and 
Grof, Monatsh., 1934, 64, 33); it must therefore be the 2 : 8-ketone. 

We have repeated Dzieworiski and Brand’s preparation of the two ketones and separated 
them through the semicarbazones; here again the more soluble compound melted at 181° 
and no trace of a compound of m. p. 228—230° was isolated; it would appear that the 
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latter must have contained a high proportion of the 2: 6-isomeride. It can also be 
concluded that some of the 2 : 8-ketone is formed under both sets of conditions. 
Haworth and Bolam’s preparation of 2-methyl-6-propionaphthone was repeated, 
but we were unable to detect the formation of another isomeride in this instance. 
2-Methyl-6-acetonaphthone has been reduced to 2-methyl-6-ethylnaphthalene, which 
has been characterised by the formation of derivatives. 


EXPERIMENTAL. 


2-Methyl-6- and -8-acetonaphthones.—92 G. of 2-methylnaphthalene were added to a cold 
solution of 176 g. of aluminium chloride in 400 c.c. of nitrobenzene, and the mixture cooled in 
ice and mechanically stirred while 46 g. of acetyl chloride were added dropwise. After 24 hours 
at room temperature, ice and dilute hydrochloric acid were added, the mixture extracted with 
ether, and the dark purple ethereal layer washed with alkali, dried, and evaporated. When 
the residue was distilled under reduced pressure to remove the nitrobenzene (this method was 
preferable to the lengthy steam distillation recommended by Haworth and Bolam, loc. cit.), 
finally with the aid of an oil-pump, 76 g. of the mixed ketones (64%) were obtained, b. p. mainly 
154°/0-8 mm.; the last runnings solidified readily. The mixture became semi-solid overnight. 
The pasty solid obtained on filtration was drained on a porous plate, giving 10 g. of practically 
pure 2-methyl-6-acetonaphthone. The filtrate (53 g.) was treated with semicarbazide acetate 
and enough alcohol to give a homogeneous solution. The very sparingly soluble semicarbazone 
of the 2 : 6-ketone separated at once (34 g.) and was pure (m. p. 237°) after one extraction with 
about 250 c.c. of hot alcohol. The mother-liquors from this first crop were diluted with water 
(2 vols.); a sticky solid separated overnight. This was rubbed successively with petroleum, 
ether, and methyl alcohol, and crystallised from a small quantity of the last solvent; fine 
plates were obtained, the m. p. of which gradually rose to the constant value of 181°. The 
semicarbazone of 2-methyl-8-acetonaphthone was freely soluble in hot alcohol and was easily 
distinguished from the 2 : 6-isomeride; the yield was 5-3 g., but the losses in purification were 
necessarily high (Found: N, 17-9. C,,H,,ON, requires N, 17-4%). The ketone regenerated 
from the semicarbazone boiled at 150—154°/1-5 mm. and did not solidify (Found: C, 84-6; 
H, 6-7. Calc. for C,;H,,0: C, 84-7; H, 6-6%). 

Oxidation.—1 G. of the solid 2 : 6-ketone was shaken with a solution of hypobromite prepared 
from 10 g. of sodium hydroxide, 50 c.c. of water, and 2-5 c.c. of bromine; the mixture was 
finally warmed to the b. p. The sodium salt of 2-methyl-6-naphthoic acid was gradually 
precipitated and was collected; it yielded the acid, m. p. 230°, on acidification. The 2: 8- 
ketone was similarly oxidised ; the sodium salt of the acid was more soluble in this case and the 
acid was precipitated on saturation of the solution with sulphur dioxide; m. p. 147—148° after 
crystallisation from much water containing a little alcohol. 

Reduction of the Isomeric Ketones —4 G. of the ketone in a little alcohol were boiled with 
amalgamated zinc (10 g.), 7-5 c.c. of water and 17-5 c.c. of hydrochloric acid, more of the last 
being added at intervals. After 24 hours, the mixture was extracted with ether, and the dried 
solution distilled. The liquid ketone gave under these conditions 2-5 g. of 2-methyl-8-ethyl- 
naphthalene, which was identified by means of the picrate, m. p. 106°, and the styphnate, m. p. 
143—144° (Brunner and Grof, loc. cit.); it-also gave a trinitrotoluene derivative, canary-yellow 
needles from alcohol, m. p. 77—78° (Found : C, 60-7; H, 4-7. C,sH,4,4,C;H,O,N;, requires C, 60-4 ;. 
H, 48%), and a s-trinitrobenzene derivative, slightly paler needles from alcohol, m. p. 127— 
128° (Found : C, 59-7; H, 4-4. C,,H,,,C,H,O,N; requires C, 59-5; H, 4-5%). 

The solid ketone similarly yielded 2-methyl-6-ethylnaphthalene, which crystallised from methyl 
alcohol in plates, m. p. 44—45° (Found: C, 91-6; H, 8-2. C,,H,, requires C, 91-7; H, 8-3%); 
an attempt to prepare the hydrocarbon by treating the semicarbazone of the 2 : 6-ketone with 
sodium in benzyl alcohol at 180—190° (compare Ruzicka and Goldberg, Helv. Chim. Acta, 
1935, 18, 672) was unsuccessful. The derivatives of this hydrocarbon were more soluble than 
those of the 2 : 8-isomeride; the picrate formed orange needles from alcohol, m. p. 109° (Found : 
C, 57-0; H, 4:1. C,,;H,,,C,H,O,N, requires C, 57-1; H, 4-3%); the styphnate, deep yellow 
needles, m. p. 119° (Found: C, 55-2; H, 4-0. C,;H,,,Cs,H,;O,N, requires C, 55-0; H, 41%); 
the s-trinitrobenzene derivative, yellow needles, m. p. 116—117° (Found: C, 59-5; H, 4-5. 
C,3;H,,,C,H,O,N, requires C. 59-5; H, 45%); the trinitrotoluene derivative, yellow needles, 
m. p. 62° (Found: C, 60-7; H, 5-0. C,;H,,4,C,H,O,N, requires C, 60-4; H, 48%). 

Condensation of 2-Methylnaphthalene with Acetyl Chloride in Carbon Disulphide.—This was 
carried out exactly as described by Dziewofiski and Brand (Joc. cit.), 11-5 g. of mixed ketones 
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being obtained from 25 g. of hydrocarbon; the mixture did not solidify and was converted 
into the semicarbazones, from which the 2 : 6-derivative, m. p. 237°, and the 2 : 8-derivative, 
m. p. 181°, could be isolated, the 2: 6-compound greatly predominating. As a preparative 
method, that described above is to be preferred. 

2-Methyl-6-propionaphthone.—Haworth and Bolam’s preparation was repeated, the modified 
method of working up given on p. 793 being used; 13 g. of ketone were obtained from 15 g. of 
2-methylnaphthalene. The solid ketone was recrystallised from petroleum (b. p. 40—60°) 
and had the correct m. p. (61°). The mother-liquor was evaporated, and the ketone converted 
into the semicarbazone, which was very sparingly soluble, forming small plates from alcohol, 
m. p. 224—225° (Found: N, 16-4. C,,H,,ON, requires N, 16-5%); no other semicarbazone 
could be isolated from the mother-liquors, although some indications of the existence of a 
second substance were obtained. The amount must in any case have been very small. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. (Received, February 27th, 1939.) 





168. Sapogenins. Part III. The Dehydrogenation Products of 
Methylsarsasapogenin and Methylcholestanol. 


By GeorceE A. R. Kon and AuBREY M. WOOLMAN. 


The hydrocarbons (II) and (III) have been synthesised and the former has been 
shown to be identical with one of the dehydrogenation products of methylsarsasapo- 
genin and of methylcholestanol; the compound (III) also has been isolated from the 
latter source. These results confirm the position previously assigned to the hydroxyl 
group of sarsasapogenin (Farmer and Kon, J., 1937, 414); they also show that in the 
dehydrogenation of sterol-like compounds the migration of the angular methyl group 
from C,, to C,, is not invariably the rule and that complete elimination of this group 
can sometimes occur. 


From the work described in Part II (J., 1937, 414) it was concluded that sarsasapogenin is 
best represented by the structure (I, R = H); the formulation of the side chain is that 
adopted by Tschesche and Hagedorn (Ber., 1935, 68, 1412, 2247) for the side chain of tigo- 
genin and this has lately received considerable support from the work of Fieser and Jacobsen 
(J. Amer. Chem. Soc., 1938, 60, 28, 2753, 2761). The position of the hydroxyl group on 
C, rests on the results of surface-film measurements (Askew, Farmer, and Kon, J., 1936, 
1399) and on the dehydrogenation of methylsarsasapogenin (I, Re = Me) to a mixture of 
hydrocarbons, also obtained from the analogous methylcholestanol, the principal consti- 
tuent of which appeared to be the hydrocarbon (II) rather than the expected one (III) : 


HMe: CH: ‘wi CH, jae 
Me 


nf a 
x6 Se of 
OH XO MAG 
(II.) (III.) 


To settle this aon (II) and (III) were synthesised by Robinson’s method (J., 1938, 
1391) : 2-methyl-6-acetonaphthone (Kon and Weller, preceding paper) was converted into 
the acetoxy-ketone (IV, R = Ac). This was hydrogenated under drastic conditions, and 
the crude product (mainly hexahydro) dehydrogenated with palladised charcoal, the 
hydrocarbon (II) being produced in good yield. 

The acetoxy-ketone was then converted into the methoxy-ketone (IV, R = Me), which 
reacted smoothly with methylmagnesium iodide to form the compound (V). Catalytic 
hydrogenation at room temperature gave the compound (VI), but under drastic conditions 
a mixture of products was formed which was dehydrogenated to the compound (VI) 
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together with the desired hydrocarbon (III); they were separated without much 
difficulty. : 

Proposed alternative syntheses of (IT) and (III) were rendered ineffective by unexpected 
difficulties : (1) the Grignard reagent prepared from 4-bromohydrindene would not react 
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with ethylene oxide to give §-4-hydrindenylethyl alcohol. (2) 6-4-Methoxy-6-methyl-1- 
naphthylethyl alcohol, prepared from the corresponding 1-bromonaphthalene, could not be 
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condensed, via the bromide, with 2: 5-dimethylcyclopentanone. (3) The chloride of 2- 
methylcyclopentenylacetic acid could not be condensed with the Grignard compound pre- 
pared from 1-bromo-4-methoxy-6-methylnaphthalene. A model experiment showed that 
cyclohexenylacetophenone (Farrow and Kon, J., 1926, 2133) could be smoothly reduced by 
Clemmensen’s method to $-phenylethylcyclohexene; the analogous cyclohexenyl-1-aceto- 
naphthone, prepared from cyclohexenylacetyl chloride and 1-bromonaphthalene, was 
reduced, and the product cyclised; dehydrogenation then gave chrysene. 

The properties of the hydrocarbons (II) and (III) account for the difficulties experi- 
enced in dealing with the mixture of hydrocarbons resulting from the dehydrogenation of 
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methylsarsasapogenin and methylcholestanol : the monomethyl compound (II) melts at 
132° and forms a sparingly soluble, pale yellow trinitrobenzene complex, m. p. 183°. The 
dimethyl hydrocarbon (III) is more sparingly soluble in alcohol and higher-melting, but its 
trinitrobenzene complex is comparatively soluble and melts at 154—155°. 

There is little doubt that the pale trinitrobenzene complex previously isolated from the 
dehydrogenation product of methylcholestanol is identical with the synthetic product 
from (II) now described. The properties of the other derivatives are also similar and their 
melting points are not lowered by admixture of the corresponding synthetic derivatives ; 
it is clear, however, that the hydrocarbon isolated in 1936 was not quite pure. Mr. D. P. 
Riley of Oxford kindly undertook a crystallographic examination of the trinitrobenzene 
derivatives for us, but his results are not conclusive (p. 798). 

The dehydrogenation of 3-methylcholestanol (or 3-methylcholestene, which is usually 
obtained when an excess of Grignard reagent is used in the preparation) has been repeated. 
A hydrocarbon, m. p. 207—208°, was isolated which is evidently a homologue of Diels’s 
hydrocarbon C,;H,,, judged from its composition and absorption spectrum (Figure). From 
the more soluble components of the mixture was prepared a trinitrobenzene complex, 
m. p. about 153°, evidently derived from a dimethylcyclopentenophenanthrene. The 
hydrocarbon was regenerated from it and repeatedly crystallised, a preparation with the 
constant m. p. 139—140° being obtained which gave a trinitrobenzene complex, m. p. 154— 
155°. The hydrocarbon was satisfactorily identified by Mr. Riley as (ITI). 

It can therefore be concluded that both (II) and (III) are formed in this dehydrogenation. 
This result is of considerable importance and suggests that the elimination of the side 
chain during the dehydrogenation of compounds of the sterol group is not always accom- 
panied by a migration of the angular methyl group from C,, to C,,. 

The dehydrogenation of methylsarsasapogenin gives a very poor yield of hydrocarbons 
and we have not yet succeeded in isolating derivatives of (III) in a state of purity; repeated 
crystallisation of the trinitrobenzene complex, m. p. 174—175°, previously obtained raises 
the m. p. to 177—179°, but lack of material has prevented the isolation of a complex of 
constant m. p.; there is little doubt, however, that this compound is identical with the 
trinitrobenzene derivative of (II). 

It is proposed to confirm the results now reported by a further degradation of certain 
oxidation products of sarsasapogenin; these experiments are now in progress. 


EXPERIMENTAL. 


o-Bromobenzylmalonic Acid.—o-Bromobenzy] chloride or bromide was condensed with ethyl 
sodiomalonate (cf. Fieser and Seligman, J. Amer. Chem. Soc., 1935, 57, 942); the yield of bromo- 
benzylmalonic ester, b. p. 152°/0-8 mm., was about equal to the weight of the chloride used. 
The acid, obtained by the method used by Fieser and Seligman and crystallised from ethyl 
acetate—petroleum, had m. p. 149° (decomp.) (Found: Br, 28-9. C, ,H,O,Br requires Br, 
29-3%). 

B- 0-Bromophenylpropionic Acid.—The maloni¢ acid was quantitatively decarboxylated by 
boiling with water for 4 hours; the monobasic acid, which separated as a greasy solid on cooling, 
was crystallised from benzene—petroleum; m. p. 98° (Gabriel, Ber., 1882, 15, 2297; Miersch, 
ibid., 1892, 25, 2110). 

4-Bromohydrindone.—87 G. of the above acid were warmed for } hour with 37 c.c. of thionyl 
chloride, and the excess of reagent removed under reduced pressure; dry benzene was then 
added, and distilled off to ensure the complete removal of thionyl chloride. The residue, 
dissolved in a little carbon disulphide, was added with constant shaking to an ice-cold suspen- 
sion of 24 g. of powdéred aluminium chloride in 800 c.c. of carbon disulphide; after 20 minutes, 
a further 8 g. of aluminium chloride were added, and the mixture slowly heated to the b. p. and 
boiled for 10 minutes. After being kept overnight, the mixture was worked up as usual, and 
the brownish solid ketone (Miersch, Joc. cit.) distilled, 27 g. being collected at 125°/1-5 mm. 

4-Bromohydrindene.—27 G. of the ketone in a little alcohol were boiled for 5 hours with 270 g. 
of amalgamated zinc, 185 c.c. of hydrochloric acid, and 87 c.c. of water, a further 160 c.c. of 
acid being added at the end of 3 hours. The hydrocarbon (19-5 g.), isolated by extraction 
with ether, boiled at 100°/1-5 mm. The compound formed a Grignard reagent with difficulty 
even under the special conditions recommended by Fieser and Seligman (loc. cit.). 
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1-Bromo-4-methoxy-6-methylnaphthalene.—10 G. of 1-methoxy-7-methylnaphthalene (pre- 
pared from 7-methyltetralone : Ruzicka and Morgeli, Helv. Chim. Acta, 1936, 19, 377) in 80 c.c. 
of acetic acid were mechanically stirred at 80° while 9 g. of bromine in 20 c.c. of acetic acid were 
dropped in. The mixture was kept for 10 minutes, then poured into a large volume of water 
and extracted with ether. The extract was washed with alkali and water, dried, and evaporated, 
13 g. of the bromo-compound being obtained, b. p. 160—170°/0-8 mm. It solidified and formed 
needles from petroleum, m. p. 72° (Found: Br, 31-6. C,,H,,OBr requires Br, 31-8%). On 
one occasion the bromination proceeded somewhat vigorously and a poor yield of a 
dibromo-compound (1: 5 ?) was obtained; it boiled at 175°/2 mm. and formed silky needles 
from petroleum, m. p. 72° (Found: Br, 49-2. C,,H,,OBr, requires Br, 48-6%). 

8-4-Methoxy-6-methyl-1-naphthylethyl Alcohol_—8-8 G. of the bromo-compound in 34 c.c. of 
ether were added to 0-9 g. of magnesium, previously activated by heating with a crystal of iodine, 
and warmed to start the reaction; when no more metal dissolved, the mixture was strongly 
cooled and vigorously stirred while 1-9 g. of ethylene oxide in 17 c.c of ether were run in. The 
mixture was allowed to warm to room temperature, boiled for 1 hour, decomposed with ice and 
hydrochloric acid, and worked up as usual. On distillation 4-6 g. of the alcohol were collected 
at 190—200°/1-5 mm.; this solidified and had m. p. 73° after crystallisation from petroleum. 
On a larger scale, 53 g. of alcohol were obtained from 140 g. of the bromide (Found: C, 77-6; 
H, 7-7. C,,H,,O, requires C, 77-7; H, 7-5%). 

-~ The alcohol gave a moderate yield of the bromide when treated with phosphorus tribromide 
in benzene solution. The bromide was converted into the Grignard reagent, and this treated 
with 2-methyleyclopentanone and also with 2: 5-dimethylcyclopentanone. The yield of the 
fraction presumably representing the required condensation product was negligible in both cases. 

Reduction of cycloHexenylacetophenone.—15 G. of the ketone in 100 c.c. of alcohol were 
boiled for 18 hours with 158 g. of amalgamated zinc, 200 c.c. of hydrochloric acid, and 50 c.c. 
of water; the mixture was then cooled and extracted with ether. On distillation 6-3 g. of 
hydrocarbon were obtained, b. p. 130—135°/4 mm.; on redistillation from sodium this had 
dié* 0-95116, mp 1-53440, [R,], 60-75, in good agreement with the constants of 6-phenylethyl- 
cyclohexene (Cook and Hewett, J., 1933, 1098). 

A’’-cycloHexenyl-1-acetonaphthone.—A Grignard reagent prepared from 90 g. of 1-bromo- 
naphthalene in 180 c.c. of ether was cooled in ice and mixed with 85 c.c. of a saturated solution 
of anhydrous zinc chloride in ether (prepared by allowing 68 g. of freshly fused zinc chloride to 
stand with 100 c.c. of dry ether for 24 hours), producing a vigorous reaction; 650 c.c.of toluene 
were added, and the mixture well shaken. The ether was then distilled off below 30°, and the 
residue cooled in ice and treated dropwise with 30 g. of cyclohexenylacetyl chloride in toluene 
with constant shaking. After } hour the mixture was decomposed with ice and dilute sulphuric 
acid, and the toluene solution washed and dried. After removal of the toluene and some naph- 
thalene 29 g. of a viscous yellow oil distilled at 210—215°/2-5—3 mm.; a semicarbazone could 
not be obtained (the semicarbazone of cyclohexenylacetophenone also forms with difficulty) 
(Found: C, 85-9; H, 7:3. C,gH,,O requires C, 86-4; H, 7:2%). 

28 G. of the above ketone were reduced as described above and gave 11 g. of hydrocarbon 
fraction, which was redistilled over sodium; it still contained some oxygen (Found: C, 89-1; 
H, 8-2%), but was mainly the desired B-1-naphthylethylcyclohexene (Cook and Hewett, J., 1934, 
365). J 

1:2:3:4:11: 12:13: 14-Octahydrochrysene.—6 G. of the above crude hydrocarbon were 
heated with 12 g. of phosphoric oxide for ? hour at 130°. On working up, 1-5 g. of a viscous oil 
were recovered, which formed a bright yellow s-trinitrobenzene complex, m. p. 147—148° 
(Found: C, 64-2; H, 5-5. Cy gH,CsHsO,N, requires C, 64:1; H, 5-2%), and on dehydro- 
genation with selenium gave chrysene, identified by means of the addition product with 2: 7- 
dinitroanthraquinone. 

2-Methyl-A'-cyclopentenylacetic Acid.—17 G. of 2-methylcyclopentanone, 25 g. of methyl 
bromoacetate, 30 c.c. of benzene, and 5 g. of magnesium were warmed under reflux with a 
crystal of iodine. The reaction soon started and proceeded with great vigour; it was completed 
by warming. Ice and dilute sulphuric acid were then added, and the benzene solution washed, 
dried and distilled, 14 g. of the desired hydroxy-ester being obtained; in another experiment, 
62 g. of the ketone gave 55 g. of the hydroxy-ester, b. p. 87°/0-°8 mm. This (55 g.) was dehy- 
drated by heating in benzene solution with its own weight of phosphoric oxide for 3 hours. 
On working up, 31 g. of unsaturated ester, b. p. 75°/1-7 mm., were obtained. The ester was 
kept for 2 days with a slight excess of cold 5% alcoholic sodium hydroxide, the alcohol removed 
under reduced pressure, water added, the solution extracted with ether, and the acid liberated 
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(13 g.) and purified by reprecipitation from its solution in aqueous sodium bicarbonate. It 
solidified but was extremely soluble in organic solvents and was therefore recrystallised from 
warm water; m. p. 50° (Found: C, 68-5; H, 8-5. C,H,,O, requires C, 68-5; H, 8-6%). 

Furfurylidene-2-methyl-6-acetonaphthone.—An ice-cold solution of 1 g. of sodium in 40 c.c. 
of alcohol was added to 19 g. of 2-methyl-6-acetonaphthone and 13 c.c. of furfural in 20 c.c. of 
alcohol. The mixture became hot and crystallisation rapidly set in. After some hours the solid 
was collected and recrystallised from alcohol, 23 g. of the pure ketone being obtained in pale 
yellow needles, m. p. 121° (Found: C, 82-6; H, 5-4. (C,,H,,O, requires'C, 82-4; H, 5-3%). 
The compound (40-5 g.) is equally readily prepared from the mixture (55 g.) of 2-methyl-6- and 
-8-acetonaphthones formed from acetyl chloride and 2-methylnaphthalene (Kon and Weller, 
loc. cit.). The furfurylidene compound of the 2: 8-ketone is evidently much more soluble and 
remains in the mother-liquor. 

8n-Dikeio-n-(6-methyl-2-naphthyl)heptoic Acid.—The hydrolysis of the furfurylidene ketone 
(40-5 g.) was carried out exactly as described by Robinson (loc. cit., p. 1394), successive crops of 
the acid being obtained (23 g.). The acid crystallised from ethyl acetate (charcoal) in leaflets, 
m. p. 181° (Found: C, 72-3, 72-2; H, 6-2, 6-0. C,,H,,0, requires C, 72-5; H, 6-1%); it 
formed a bright red 2 : 4-dinitrophenylhydrazone, m. p. 145—146°. 

3-(6’-Methyl-2'-naphthyl)-A*-cyclopenten-1-one-2-acetic Acid.—15 G. of the powdered diketo- 
acid were kept for 1 hour with 30 g. of potassium hydroxide in 1-5 1. of water at 95—100°; the 
solution was then acidified. The acid crystallised from ethyl acetate (charcoal) in short stout 
needles, m. p. 188° (Found: C, 77-1; H, 5-7. C,,H,,O,; requires C, 77-1; H, 5-8%). 

3’-Keto-4-acetoxy-7-methyl-1 : 2-cyclopentenophenanthrene (IV, R = Ac).—5 G. of the above 
acid were boiled for 4 hour with 37-5 c.c. of acetic anhydride. On cooling and addition of 
methyl alcohol the new compound crystallised ; a little more was obtained from the concentrated 
mother-liquor (yield, 5 g.); it separated from ethyl acetate in needles, m. p. 224° (decomp.) 
(Found: C, 79-3; H, 5-7. CggH,,O, requires C, 78-9; H, 5-3%). An attempt to reduce the 
compound by Clemmensen’s method resulted in hydrolysis to the hydroxy-ketone, which formed 
a sparingly soluble, sandy powder, m. p. 290° (decomp.) (Found: C, 82-2; H, 5-7. C,.H,,0, 
requires C, 82-4; H, 54%). 

7-Methyl-1 : 2-cyclopentenophenanthrene (II).—2-2 G. of the pure acetoxy-ketone in 200 c.c.* 
of acetic acid (distilled over chromium trioxide) were shaken with 0-3 g. of Adams’s catalyst in 
an atmosphere of hydrogen at 80—85° for 2 days; about 12 atoms of hydrogen were absorbed. 
After removal of the catalyst most of the solvent was distilled, and the product isolated by 
addition of water and extraction with ether, 2 g. of an almost colourless, viscous oil being ob- 
tained. This was heated with an equal weight of 10% palladised charcoal for 14 hours at 320°. 
The hydrocarbon was extracted with petroleum, and the solution percolated through a column 
of activated alumina and evaporated, 0-5 g. of a colourless solid being obtained. It crystallised 
from alcohol in iridescent plates, m. p. 132° (Found : C, 93-0; H, 7-0. C,,H,, requires C, 93-1; 
H, 6-9%). The picrate formed orange needles from alcohol, m. p. 143—144°, the styphnate 
long golden needles, m. p. 182—183° (Found: C, 60-4; H, 4:2. C,,H,.,C,H,;O,N, requires 
C, 60-4; H, 41%), and the s-trinitrobenzene compound yellow needles, m. p. 183—183-5° 
(Found: C, 64-9; H, 4-3; C,,H,.,C,H,;O,N, requires C, 64-7; H, 43%). 

Mr. D. P. Riley has made a comparison of the trinitrobenzene derivatives of the dehydro- 
genation product of methylcholestanol, m. p. 181—182° (A), that of the synthetic hydrocarbon, 
m. p. 183—183-5° (B), and the specimen derived from methylsarsasapogenin m. p. 177—179° 
(C), and reports as follows: ‘‘ Each specimen was recrystallised from alcohol. The crystals 
were in each case yellow monoclinic blades elongated along [100] or [001], with [010] markedly 
developed. The angle « between the length of the blade and the fast optical extinction direction 
varied. Approximate mean values for a were for (A), 10-5°, (B), 12°, (C), 7°. X-Ray oscill- 
ation photographs were taken of each crystal rotating about the length of the blade. The 
photographs were not good, but showed that the unit-cell spacings were very nearly identical. 
In view of the differences in optical properties and of the poor quality of the photographs it is 
impossible unequivocally to state that (A), (B), and (C) are identical. The differences in optics 
may be caused by varying amounts of trinitrobenzene in the crystals; on the other hand, the 
addition of trinitrobenzene may mask slight differences in them. For these reasons it would 
be desirable to examine the original hydrocarbons.”’ Itis hoped to institute such a comparison 
when sufficient pure material is available. 

* We are greatly indebted to Sir R. Robinson and Dr. H. N. Rydon for supplying the details of the 
procedure which they have used for the conversion of acetoxyketocyclopentenophenanthrene into 
cyclopentenophenanthrene 
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3'-Keto-4-methoxy-7-methyl-1 : 2-cyclopentenophenanthrene (IV, R = Me).—7 G. of the 
powdered acetoxy-ketone were boiled for 4 hour with 35 c.c. of alcohol and 70 c.c. of 40% 
aqueous sodium hydroxide. Methyl sulphate was then added a little at a time until the yellow 
colour of the solution was discharged and did not reappear on addition of more alkali. The 
solution was cooled, and the solid (6-5 g.) collected; the filtrate gave no appreciable precipitate 
on acidification. The methoxy-compound, crystallised from ethyl acetate—alcohol (charcoal), 
then from benzene—petroleum, formed long needles, m. p. 190—191° (Found : C, 82-6; H, 5-7. 
C,sH,,O0, requires C, 82-5; H, 5-8%). The ketone was recovered unchanged after an attempted 
reduction by Clemmensen’s method with addition of anisole (Robinson). 

4-Methoxy-3' : 7-dimethyl-1 : 2-cyclopentadienophenanthrene (V).—A suspension of 2 g. of 
the finely powdered methoxy-ketone in 20 c.c. of ether was slowly added to an ice-cold Grignard 
solution made from 0-34 g. of magnesium and 2 g. of methyl iodide; the mixture was then 
boiled for 2—3 hours. After the usual working up, a pale yellow solid was obtained; it crys- 
tallised from alcohol or aqueous acetone (charcoal) in very small needles, m. p. 130—131°; 
on a larger scale 6 g. were obtained from 7 g. of the ketone (Found: C, 87-9; H, 6-9. C,,H,,0 
requires C, 87-5; H, 66%). 

4-Methoxy-3' : 7-dimethyl-1 : 2-cyclopentenophenanthrene (V1).—1 G. of the above compound, 
dissolved in alcohol, was shaken with 0-05 g. of Adams’s catalyst in hydrogen, the theoretical 
amount for the saturation of one double bond being absorbed in 16 hours. After removal of the 
catalyst the solution was evaporated, and the residue taken up in petroleum (b. p. 60—80°) and 
percolated through a column of activated alumina. A colourless solid was recovered and 
crystallised from methyl alcohol; m. p. 83—84° (Found: C, 86-9, 87-0; H, 7-1, 7-1. Cy gH,,O 
requires C, 86-9; H, 7-3%); it was very soluble in organic solvents. The s-trinitrobenzene 
compound formed felted orange needles, m. p. 184—185°, very sparingly soluble in alcohol, and 
separated almost completely from the solution on cooling, leaving a colourless filtrate (Found : 
C, 64:0; H, 4:5. Cy9Hyg0,C,H,O,N; requires C, 63-8; H, 4-7%). 

3’ : 7-Dimethyl-1 : 2-cyclopentenophenanthrene (III).—4:5 G. of the compound (V) were 
hydrogenated at 80—85° as described on p. 798; hydrogen corresponding to about five double 
bonds was absorbed in 24 days. The crude oil recovered was heated with palladised charcoal, 
2-2 g. of a colourless non-homogeneous solid being recovered after treatment with alumina. It 
was converted into the s-trinitrobenzene complex, which was extracted three times with boiling 
alcohol. The portion which was not dissolved melted at 183—184° after two crystallisations 
and was evidently derived from the compound (VI). The alcoholic extracts were cooled, 
filtered, and evaporated to dryness, and the solid extracted with petroleum (b. p. 60— 
80°) until the extract was colourless; the combined extracts were then percolated through a 
column of activated alumina, which decomposed the complex and retained any trinitrobenzene 
dissolved by the petroleum. On evaporation a colourless solid, m. p. 135°, was recovered; it 
crystallised from alcohol in plates, m. p. 139—140° (Found: C, 92-6; H, 7-5. Cy, .H,, requires 
C, 92-6; H, 7-4%). The orange-yellow picrate had m. p. 128° (Found : C, 63-6; H, 4-5. C, Hyg, 
C,H,O,N, requires C, 63-1; H, 45%), the styphnate formed yellow needles, m. p. 161° (Found : 
C, 61-0; H, 4:3. C,,H,,,C,H,O,N; requires C, 61-1; H, 4-3%), the s-trinitrobenzene compound 
formed deep yellow needles, m. p. 154—155° (Found: C, 65-6; H, 4:7. Cy gH ,,,C,H,;O,N; 
requires C, 65-3; H, 4-6%). 

3-Methylsarsasapogenin.—This compound was prepared as before. Repeated crystallisation 
of the carbinol raised the m. p. to 188—189°, [a], — 88° (c = 1-2478 in chloroform). The com- 
pound frequently melts much lower and can be purified by means of digitonin, the portion not 
combined showing the above m. p.; the isomeride forming a digitonide has not yet been 
obtained pure. 

3-Methylcholestene.—This compound is generally obtained if an excess of methylmagnesium 
iodide is used in the preparation of methylcholestanol; it has [a]p + 16° (c = 1-602 in 
chloroform). 

Dehydrogenation of 3-Methylcholestene.—An attempt was made to use acetanilide as a solvent 
as recommended by Diels and Stéphan (Amnalen, 1937, 527, 279), but scarcely any dehydro- 
genation took place. 88 G. of methylcholestene were dehydrogenated by the method previously 
described; the product, fractionally distilled at 1-5 mm., gave a few drops below 170°, then 
(1) 170—200°, 10 g., mobile oil; (2) 200—220°, 8 g. which solidified; (3) 220—230°, 14 g., 
which solidified ; (4) 230—255°, 13 g., viscous oil. These fractions were each separately treated 
with s-trinitrobenzene; fraction (1) in particular gave a complex, m. p. about 150° after three 
crystallisations from alcohol, apparently derived from a dimethylcyclopentenophenanthrene 
(Found : C, 65-9, 65-6; H, 4-6, 4-4%). The crude trinitrobenzene derivatives were decomposed 
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as described on p. 799 and 5 g. of an almost colourless, sclid hydrocarbon were recovered ; after 
several crystallisations a hydrocarbon, m. p. 129—132°, was obtained and reconverted into the 
trinitrobenzene complex, m. p. 150° after crystallisation. From 2-8 g. of this material, 1-8 g. 
of hydrocarbon were regenerated and recrystallised from alcohol. After six crystallisations the 
m. p. remained constant at 139—140°, unchanged by the compound (III) (Found: C, 92-3; 
H, 7:8. C, 9H,, requires C, 92-6; H, 7-4%). The s-trinitrobenzene compound formed from 
the pure hydrocarbon had m. p. and mixed m. p. 154—155° after one crystallisation from alcohol 
(Found: C, 65-4, 65-2; H, 4-7, 4:3. Calc. for C,gH,,,C,H,;O,N,: C, 65:3; H, 46%). The 
styphnate had m. p. and mixed m. p. 161°. 

Mr. D. P. Riley has compared the above hydrocarbon with the synthetic specimen of (III) 
and reports as follows: “‘ In both cases uniformly extincting sheets grown from the melts were 
examined. The sheets were orthorhombic with optics a = a, b=68,¢c = Y in both cases. The 
birefringence was medium (positive). X-Ray oscillation photographs were taken with the 
crystal rotating about the slow extinction direction [010], and about the perpendicular to the 
plane of the sheet, i.e., [001], in both cases. The unit-cell spacings and relative intensities of 
reflection were the same for both specimens and these are therefore identical.” 

The hydrocarbon mixture boiling above 240°/1-5 mm. deposited from its solution in benzene 
a solid, which was repeatedly crystallised from this solvent and formed fine needles, m. p. 207— 
208° (Found: C, 92-5; H, 7-5. C,gH,,_ requires C, 92-3; H, 7-7%). The hydrocarbon did not 
react with s-trinitrobenzene, but formed a brilliant scarlet derivative with 2: 7-dinitroanthra- 
quinone, m. p. 235° (Found: C, 75-3, 75-2; H, 5-0, 4:9. CygH,,0,N, requires C, 75-4; 
H, 5-1%). 


The authors’ thanks are due to Mr. D. P. Riley for the crystallographic work, to Dr. J. Polya 
for the absorption spectrum, and to the Royal Society and the Chemical Society for grants. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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169. Sapogenins. Part IV. The Sapogenin of Balanites egyptica 
Wall. 


By GreorcE A. R. Kon and WILLIAM T. WELLER. 


A new sapogenin, nitogenin, has been isolated from the saponin occurring in the 
seed kernels of Balanites egyptica. It appears to belong to the group of steroid sapo- 
genins and is very closely related to tigogenin, but is not identical with it. 


THE seeds kernels of Balanites egyptica, a tree occurring in Northern Africa and Uganda, 
have long been known to contain a water-soluble constituent toxic to cold-blooded animals 
and have for this reason been recommended for the extermination of fresh-water snails, 
which are the hosts of the Bilharzia liver fluke. The toxic constituent has been described as 
a saponin (Weil, Arch. Pharm., 1901, 239, 363), but no study has been made of its 
chemistry. 

Through the kindness of Mr. H. J. Holman, B.Sc., of the Imperial Institute we were 
able to examine the remainder of a batch of “‘ dates”’ obtained from Entebbe, Uganda, 
where they are known by the native name “ Lugba ”’ (compare Bull. Imp. Inst., 1935, 33, 
274). The kernels contained a considerable quantity of an amorphous saponin, which was 
hydrolysed to the aglucone, mitogenin, C,,H,,O,. This compound is saturated and neutral 
and has one hydroxyl group, as shown by the formation of an acetate and a benzoate; the 
remaining oxygen atoms are inert. The compound thus appears to be a steroid sapogenin 
isomeric with sarsasapogenin and tigogenin. It was at first thought to be identical with 
the latter, as it melts only 4° lower, the benzoate has the same melting point (compare 
Jacobs and Fleck, J. Biol. Chem., 1930, 88, 545; Liang and Nollér, J. Amer. Chem. Soc., 
1935, 57, 525), and depressions in m. p. were not observed with mixtures of the two genins 
and of their benzoates. A distinct depression was, however, produced in a mixture of the 
acetates and the rotation of nitogenin is roughly twice as high as that of tigogenin, so they 
are evidently not identical. 
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EXPERIMENTAL. 


4-5 Kg. of “‘ dates ”’ yielded 530 g. of kernels, which were crushed, freed from fat by extrac- 
tion with petroleum, re-ground, and divided into three portions, each of which was extracted 
(Soxhlet) with 500 c.c. of absolute alcohol, the extract being poured into ether (3 vols.). The 
crude saponin was precipitated as a glue-like mass, but a portion was obtained as a flocculent 
precipitate which became solid on grinding with ether (A). The total amount of crude saponin 
obtained was 79 g., but contained a good deal of occluded solvent. The crude saponin was 
deliquescent, but the purer material (A) could be kept for a considerable time in an atmosphere 
of nitrogen; this material had the composition required for a tetraglucoside of a C,, sapogenin, 
although no great significance can be attached to the analytical figures (Found: C, 56-4; H, 
7:9. Cs,H,,O,,4 requires C, 56-5; H, 8-0%). The saponin formed a small amount of precipitate 
with an alcoholic solution of cholesterol. 

The crude saponin (52 g.) was boiled with 200 c.c. of water and 20 c.c. of hydrochloric acid 
for 5 hours. A solid soon began to separate and was colourless at first, but soon darkened. 
It was collected and boiled with successive portions of water until coloured impurities were no 
longer extraced, 4-9 g. of crude sapogenin being obtained after drying at 100°. This material 
was extracted (Soxhlet) with pure dry ethyl acetate, and the extract evaporated. The coloured 
gummy residue was dissolved in alcohol and boiled for $ hour with activated charcoal, and the 
solution evaporated. The semi-solid mass was rubbed with ether, causing a solid to separate, 
and a further crop of solid was obtained by evaporating the ethereal mother-liquor and rubbing 
the ‘residue with acetone, in which the sapogenin was sparingly soluble. It was then repeatedly 
crystallised from methyl] alcohol, forming small needles, m. p. 201°; it could also be recrystallised 
from ethyl acetate and was very soluble in chloroform, [«]) — 112° (¢ = 0-3918 in chloroform) ; 
it gave a cherry-red colour in the Liebermann test and a reddish violet in the Liebermann— 
Burchard test (Found: C, 77-6; H, 10-5; M, Rast, 392. C,,H,,O, requires C, 77-8; 
H, 10-7%; M, 416). 

The acetate was prepared by boiling nitogenin with acetic anhydride and sodium acetate for 
3 hours and pouring the solution into water; it crystallised from dilute acetone or methy] alcohol 
in fine flattened needles, m. p. 191—192° (Found: C, 76-1; H, 10-0. C,,H,,O, requires C, 
75-9; H, 10-1%). The benzoate was prepared in pyridine solution and formed small plates, 
m. p. 229°, from ethyl acetate or acetone (Found: C, 78:2; H, 91. (C3,H,gO, requires 
C, 78-4; H, 9-1%). The o-bromobenzoate had m. p. 222—223°. 

The sugars formed by the hydrolysis of the saponin were recovered by neutralising the mother- 
liquors from the preparation of nitogenin with barium carbonate and evaporation, but were 
not obtained in a crystalline condition. They were dextrorotatory ([«]p + 19° in water), 
reduced Tollens’ reagent in the cold and Fehling’s solution on boiling, and gave a red colour 
in the aniline acetate test. Pentoses were absent, as no colour was produced on distilling the 
sugars with 12% sulphuric acid and testing the distillate with resorcinol. The only solid 
derivative obtained so far is glucosazone. 

Professor J. H. Gaddum of the College of the Pharmaceutical Society kindly undertook the 
examination of the physiological properties of the saponin and reports as follows : ‘‘ The saponin 
was found to be an active hemolytic agent. Human blood was collected in 0-2% sodium citrate 
solution, and the cells washed with 0-9% sodium chloride solution. A volume of 1 c.c. of the 
cells was suspended in 40 c.c. of saline and 0-2 c.c. of this suspension was mixed with 0:8 c.c. of 
solutions of the saponin in saline. Tested in this way, the saponin completely hemolysed the 
cells in 2-5 minutes when the final concentration was 10-5. The curve connecting the concen- 
tration of saponin and the time for complete hemolysis was of the usual type. 

‘“‘ The toxicity for tadpoles was similar to that of digitonin (B.D.H.), but death occurred more 
slowly. Thus concentrations of 10-5 of the saponin and digitonin caused death in 4-5 and 2 
hours respectively. Ata concentration of 10 the times were 135 and 17 minutes. At a con- 
centration of 10-6 the tadpoles survived more than 24 hours. 

‘‘A dose of 1 mg. injected subcutaneously in a frog had no apparent effect. The saponin 
arrested isolated hearts from frogs in much the same way as digitalis, when used in a concen- 
tration of 10%; this is between 20 and 200 times the concentration of the different digitalis 
glucosides which produce the same effect. Digitonin is said to be inactive on the heart, but the 
sample of B.D.H. digitohin produced the same effect in slightly lower concentrations than the 
Balanites saponin. These observations indicate that the digitalis activity of the saponin is so 
slight as to be negligible.” 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, March 30th, 1939.] 





3G 





802 Badger and Cook :. The Synthesis of 


170. The Synthesis of Growth-inhibitory Polycyclic Compounds. Part I. 


‘ By G. M. BADGER and J. W. Cook. 


The discovery of Haddow that carcinogenic compounds have growth-inhibitory 
properties provides a basis for attempts to utilise compounds related to the carcino- 
genic hydrocarbons to control the growth of tumours. 10-Chloromethyl-1 : 2-benz- 
anthracene, which is readily accessible by direct chloromethylation of 1 : 2-benz- 
anthracene, has been utilised in the preparation of derivatives of the carcinogenic 
10-methylbenzanthracene (type I) containing acidic, basic, and hydroxyl groups. It 
has also been found that the very rapidly acting carcinogenic 9: 10-dimethyl-1 : 2- 
benzanthracene has high chemical reactivity in the methyl groups such as is possessed 
by 9: 10-dimethylanthracene, and this observation has been utilised in the prepar- 
ation of derivatives of type (III). 


THE observations of Haddow and his collaborators (Haddow and Robinson, Proc. Roy. 
Soc., 1937, B, 122, 442; Haddow, Scott, and Scott, ibid., p. 477; Haddow, J. Path. and 
Bact., 1938, 47, 567, 581) on the action of carcinogenic hydrocarbons in inhibiting tumour- 
growth and body-growth have been extended over a wide range of carcinogenic com- 
pounds and related non-carcinogenic substances and it has been found that there is a 
good qualitative, but not a quantitative, correlation between the two types of biological 
action. In the present series of papers it is proposed to describe the synthesis of com- 
pounds related to the carcinogenic hydrocarbons in which it is hoped that the growth- 
inhibitory property may be emphasised and the tumour-producing property depressed. 
If this aim can be realised, it is evident that compounds of the type visualised would be 
worthy of consideration as therapeutic agents against cancer, and the search for suitable 
compounds with this in view is the primary objective of this series of investigations. 
Imperial Chemical Industries is also undertaking systematic research with this objective, 
under the direction of its Dyestuffs Group, and our own work is being planned in 
consultation with that body. 

The study of carcinogenic polycyclic compounds has been mainly, but not entirely, 
confined to hydrocarbons. To avoid practical difficulties which would attend the 
therapeutic application of such substances it is proposed to concentrate attention on 
derivatives containing functional groups, particularly those which confer solubility in 
water. There is already evidence that certain functional derivatives of 1 : 2-benz- 
anthracene have weak carcinogenic activity (see, for example, Shear, Kongressbericht II 
des XVI. Internationalen Physiologen-Kongresses, 1938, 64), and the present communic- 
ation describes the synthesis of compounds related to the actively carcinogenic 10-methy]l- 
1 : 2-benzanthracene, and also to 9 : 10-dimethyl-1 : 2-benzanthracene, which is the most 
rapidly acting carcinogenic compound yet found (see Bachmann, Kennaway, and 
Kennaway, Yale J. Biol. and Med., 1938, 11, 97). Such of our synthetic products as are 
suitable are being tested for growth-inhibitory action by Dr. A. Haddow, and also for 
carcinogenic action by Professor E. L. Kennaway. The results of these biological tests 
will be published elsewhere. 

Chloromethylation of 1:2-benzanthracene with paraformaldehyde and hydrogen 
chloride in acetic acid solution (compare Darzens and Lévy, Compt. rend., 1936, 202, 74) 
or with chloromethyl ether in acetic acid solution (compare Vavon and Bolle, ibid., 1937, 
204, 1826) gave good yields of 10-chloromethyl-1 : 2-benzanthracene (I), the orientation of 
which was shown by hydrogenation to 10-methyl-1 : 2-benzanthracene. The orientation 
of this compound is thus the same as that in other derivatives of 1 : 2-benzanthracene 
formed by direct substitution (Cook, J., 1930, 1089; Fieser et al., J]. Amer. Chem. Soc., 
1938, 60, 1893, 2555). The chloromethyl compound (I; X = Cl) reacted with potassium 
acetate in acetic acid, giving 10-acetoxymethyl-1 : 2-benzanthracene, a compound pre- 
viously obtained in poor yield by Fieser and Hershberg (loc. cit., p. 1893), and this was 
hydrolysed to 10-hydroxymethyl-1 : 2-benzanthracene (I; X = OH), which has not hitherto 
been described, although Shear (loc. cit.) reports the slow production of tumours with a 
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sample of this compound stated by Fieser (Amer. J. Cancer, 1938, 34, 100) to have been 
synthesised by von Braun and Kamp (unpublished). The high reactivity of the chlorine 
atom in 10-chloromethyl-1 : 2-benzanthracene is illustrated by the facts that 10-ethoxy- 
methyl-1 : 2-benzanthracene (I; X = OEt) was obtained in good yield in an attempt to 
prepare the cyanomethyl compound with potassium cyanide in boiling alcoholic solution, 
and 10-acetoxymethyl-1 : 2-benzanthracene (I; X = OAc) was obtained in an attempt to 
transform the chloromethyl compound into 1 : 2-benz-10-anthraldehyde by boiling for 
30 seconds with hexamethylenetetramine in acetic acid solution.* 10-Chloromethy]l-1 : 2- 
benzanthracene reacted with pyridine to give I : 2-benzanthranyl-10-methylpyridinium 
chloride (I; X = C,H,;NCl) and with piperidine to give N-(1 : 2-benzanthranyl-10-methyl)- 
piperidine hydrochloride (I; X = C;H,)N,HCl). 


On On. XH,C /\ 

+e eed . 1 
Oe \ ex ~ CY YY 
\ W4 \ KAZ \ VW 


CH,X [CH,],-CO,H CH,X 
(I.) (II.) (III.) 


Condensation of ethyl sodiomalonate with 10-chloromethyl-1 : 2-benzanthracene pro- 
ceeded normally and gave ethyl (1 : 2-benzanthranyl-10-methyl)malonate, which passed, by 
hydrolysis and decarboxylation, into B-(1 : 2-benz-10-anthranyl)propionic acid (II). 

10-Methyl-1 : 2-benzanthracene could not be chloromethylated, and was recovered 
unchanged after treatment which led to chloromethylation in the case of 1 : 2-benz- 
anthracene. This is an indication of the extent of the steric hindrance at the other meso- 


position (9) of the 1: 2-benzanthracene molecule. Anthracene, which is not subject to 


such steric hindrance, was readily chloromethylated to 9 : 10-di(chloromethyl)anthracene, 
Attempts to obtain chloromethyl derivatives from 9-methyl-1 : 2-benzanthracene, 3 : 4- 
benzpyrene, and 20-methylcholanthrene were unsuccessful. Reaction occurred in all 
three cases, but inseparable mixtures were formed, and it is probable that much of the 
difficulty was due to further condensation of the very reactive chloromethyl compounds 
which were presumably first formed. 

Fieser (Amer. J. Cancer, 1938, 34, 116) attaches considerable importance to the 
interesting observations made by him and Hershberg (J. Amer. Chem. Soc., 1938, 60, 
1893, 2542) concerning the reactivity and position of attack in the oxidation of certain 
carcinogenic hydrocarbons with lead tetra-acetate. These workers found that 10-methy}- 
1 : 2-benzanthracene gave 10-acetoxymethy]l-1 : 2-benzanthracene, but the yield was poor, 
possibly on account of the simultaneous formation of 9-acetoxy-10-methyl-1 : 2-benz- 
anthracene. We have extended this reaction to the highly carcinogenic 9 : 10-dimethy]l- 
1; 2-benzanthracene. Substitution in both methyl groups took place with ease, and a 
good yield of 9 : 10-di(acetoxymethyl)-1 : 2-benzanthracene (III; X = OAc) was obtained; 
this was hydrolysed to 9 : 10-di(hydroxymethyl)-1 : 2-benzanthracene (III; X = OH). Such 
behaviour is reminiscent of the finding of Barnett and Matthews (Ber., 1926, 59, 1439) 
that 9: 10-dimethylanthracene is brominated with great facility to the ww’-dibromo- 
compound. It was found, moreover, that 9: 10-dimethyl-1 : 2-benzanthracene likewise 
underwent bromination in carbon disulphide at — 10°, to give a dibromo-derivative which 
was converted by potassium acetate in acetic acid into the same diacetate (III; X = OAc) 
formed by direct oxidation of the hydrocarbon with lead tetra-acetate. The analogy 
between the two hydrocarbons was completed by a study of the oxidation with lead 
tetra-acetate of 9 : 10-dimethylanthracene, which led smoothly to 9 : 10-di(acetoxymethyl)- 
anthracene. Thus it is evident that high reactivity in the methyl groups is not specific 


to the carcinogenic hydrocarbon. 


_ * Dr. C, L. Hewett (unpublished experiment) has found that 1-bromo-2-bromomethylnaphthalene 
1S converted into 1-bromo-2-naphthaldehyde under these conditions. 
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EXPERIMENTAL. 


1 : 2-Benzanthracene.—The following procedure for the cyclisation of o-1-naphthoylbenzoic 
acid to 1: 2-benzanthraquinone and subsequent reduction to the hydrocarbon was found 
superior to those described in the literature: A mixture of o-l-naphthoylbenzoic acid (140 g.) 
and benzoyl chloride (140 c.c.) was heated to 130° and treated cautiously with concentrated 
sulphuric acid (4 c.c.) (compare Waldmann, J. pr. Chem., 1938, 150, 121). A vigorous reaction 
ensued with liberation of hydrogen chloride. Heating at 130° was continued until gas 
evolution ceased (about an hour); the hot solution was then poured into an excess of 
6n-sodium hydroxide, and the whole boiled. The solid was collected and re-extracted with 
boiling dilute alkali solution, and the resulting quinone dried (yield, 122 g.). After recrystal- 
lisation from toluene it had m. p. 163—168° (lit., 168°). 

For reduction, 1 : 2-benzanthraquinone (50 g.) was boiled under reflux for an hour with 
stannous chloride (150 g.) and concentrated hydrochloric acid (300 c.c.) in glacial acetic acid 
(500 c.c.). The cooled solution was diluted with water, and the resinous anthranol mixture 
was collected after an hour, by which time it had solidified, and was reduced to the hydro- 
carbon by 3 hours’ boiling with 2n-sodium hydroxide (1 1.) and zinc dust (60 g.). After 
extraction of the zinc with hydrochloric acid the crude 1 : 2-benzanthracene was crystallised 
from glacial acetic acid and freed from coloured contaminants by boiling in benzene solution 
for an hour with one tenth of its weight of maleic anhydride. The benzene was removed by 
steam in the presence of dilute alkali solution, and the residual 1 : 2-benzanthracene was 
recrystallised from benzene. In this way 245 g. of colourless benzanthracene, m. p. 158—159° 
(lit. 160°), were obtained from 480 g. of benzanthraquinone. 

10-Chloromethyl-1 : 2-benzanthracene (1; X = Cl).—Dry hydrogen chloride was passed into 
a suspension of paraformaldehyde (3-2 g.) in glacial acetic acid (100 c.c.) until solution was 
complete. 1: 2-Benzanthracene (18-4 g.) and glacial acetic acid (80 c.c.) were then added and 
the suspension was heated at 60° for 20 hours. The cooled suspension was poured into water 
(500 c.c.) and the solid was collected and recrystallised from benzene. A by-product (2-3 g.), 
presumably 10: 10’-di-(1 : 2-benzanthranyl)methane, remained undissolved; it separated from 
xylene as a white amorphous powder, m. p. above 300° (Found: C, 94-1; H, 5-4. C,,H, 
requires C, 94-8; H, 5-2%). 10-Chloromethyl-1 : 2-benzanthracene (15 g.; 68% yield), obtained 
from the benzene extract, crystallised from benzene in long, pale yellow needles, m. p. 
186-5—187° (Found: C, 82-7; H, 4:9. C,,H,,Cl requires C, 82-4; H, 4:7%). 

The same chloromethyl compound was obtained in 70% yield when a suspension of 1 : 2- 
benzanthracene (46 g.) in glacial acetic acid (350 c.c.) and chloromethyl ether (20 g.) was 
heated at 80° for 24 hours. 

Hydrogenation of 10-chloromethyl-1 : 2-benzanthracene in acetone solution with palladium- 
black was complete in 5 hours. The resulting 10-methyl-1 : 2-benzanthracene was purified by 
vacuum sublimation and crystallisation of its picrate, and the hydrocarbon and picrate were 
identified by direct comparison with authentic specimens (Cook, Robinson, and Goulden, J., 
1937, 393). 

10-Hydroxymethyl-1 : 2-benzanthracene (I; X = OH).—A solution of 10-chloromethylbenz- 
anthracene (1 g.) and anhydrous potassium acetate (1 g.) in glacial acetic acid (50 c.c.) was 
boiled for 2 hours. The resulting acetate (1-1 g.) crystallised from methyl alcohol in clusters 
of snow-white needles, m. p. 148-5—149-5° (Fieser and Hershberg, ]. Amer. Chem. Soc., 1938, 
60, 1893, describe this acetate as pale greenish-yellow needles, m. p. 150-5—151-5°, corr.). 
Hydrolysis of the acetate with boiling alcoholic sodium hydroxide (2 hours) gave, in 96% 
yield, 10-hydroxymethyl-1 : 2-benzanthracene (I; X = OH), which crystallised from benzene in 
colourless silky needles, m. p. 170—172° (Found: C, 88-0; H, 5-7. C,,H,,O requires C, 88-3; 
H, 5-5%). This carbinol slowly decomposes at 100°. 

The hydrogen succinate was obtained when 10-hydroxymethyl-1 : 2-benzanthracene (2 g.) 
was heated at 100° for 9 hours with succinic anhydride (2 g.) in pyridine (10 g.). The acidic 
product was extracted with dilute sodium carbonate solution, and the reprecipitated acid was 
crystallised repeatedly from benzene and then toluene. The hydrogen succinate (0-8 g.) 
formed a colourless amorphous powder, m. p. 185-5—186° (Found: C, 77-3; H, 5-2. C,,H,,0, 
requires C, 77-1; H, 5-1%). 0-9 G. of hydroxymethylbenzanthracene was recovered from the 
neutral fraction. 

10-Ethoxymethyl-1 : 2-benzanthracene (I; X = OEt) was obtained in an attempt to prepare 
the nitrile: A solution of 10-chloromethyl-1 : 2-benzanthracene (2-8 g.) in absolute alcohol 
(250 c.c.) was boiled under reflux with potassium cyanide (1 g.) for 3 hours. The ethoxy- 
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compound (2-1 g.) crystallised from alcohol in pale yellow, lustrous needles, m. p. 90—90-5° 
(Found: C, 87-9; H, 63. C,,H,,0 requires C, 88-0; H, 6-3%). The desired nitrile was 
obtained in unsatisfactory yield by means of cuprous cyanide, and improved conditions are 
being sought. 

1 : 2-Benzanthranyl-10-methylpyridinium Chloride (I; X = C;H,;NCl).—A suspension of 10- 
chloromethyl-1 : 2-benzanthracene (1 g.) in pure pyridine (4 c.c.) was kept at room temperature 
for 24 hours. The clear solution formed was poured into 25 c.c. of anhydrous ether and the 
precipitated hygroscopic pyridinium chloride was washed with dry ether and dried at 100° in 
a vacuum over phosphoric oxide (Found: N, 3-6. C,,H,,NCl requires N, 3-9%). This 
chloride, m. p. 205—208° (decomp.), was very soluble in water and in alcohol, and could not 
be recrystallised. ‘It was characterised by its sparingly soluble picrate, which crystallised 
from a large volume of water in bright yellow, microscopic, rectangular prisms, m. p. 199— 
201° (Found: N, 10-2. C,,H,,O,N, requires N, 10-2%). 

N-(1 : 2-Benzanthranyl-10-methyl) piperidine Hydrochloride (1; X = C,;H,,N,HCl).—A mix- 
ture of 10-chloromethyl-1 : 2-benzanthracene (3 g.) and piperidine (6 c.c.) was heated on the 
water-bath for an hour, and some of the excess of piperidine was removed under reduced 
pressure. Addition of concentrated hydrochloric acid (about 40 c.c.) gave an almost clear 
solution, from which the hydrochloride was precipitated by an equal volume of water. This 
was recrystallised from boiling water (charcoal). Further purification was effected by repeated 
crystallisation, carried out by dissolving the hydrochloride in the minimum amount of hot 
water and then adding concentrated hydrochloric acid in insufficient quantity to form a 
permanent turbidity. The Aydrochioride crystallised on cooling, and after nine such treatments 
formed colourless lustrous needles (1-2 g.), m. p. 251—253° (decomp.) after darkening (Found : 
N, 3-9. C,,H,,;N,HCI requires N, 3-9%). The free base crystallised from alcohol in colourless 
needles, m. p. 106—107°. 

Ethyl (1: 2-Benzanthranyl-10-methyl)malonate.—10-Chloromethyl-1 : 2-benzanthracene (13 g.) 
was added, together with benzene (200 c.c.), to ethyl sodiomalonate prepared from ethyl 
malonate (15 g.) and sodium (1-5 g.) in benzene (100 c.c.). Reaction was allowed to proceed 
at room temperature overnight and was completed by 6 hours’ boiling under reflux. The 
cooled benzene solution was extracted with water and concentrated on the water-bath under 
diminished pressure. The resulting oil subsequently solidified, and was recrystallised from 
alcohol. An insoluble by-product (1-2 g.) separated from its solution in benzene in colourless 
granules, m. p. 224—225° (Found: C, 87-2; H, 5-4%). The alcoholic solution gave ethyl 
(1 : 2-benzanthranyl-10-methyl)malonate (14-7 g.; 78% yield), which, after several recrystallis- 
ations from acetic acid and from alcohol, formed sheaves of stout colourless needles, m. p. 
120—120-5° (Found: C, 77-8; H, 6-2. C,,.H,,O, requires C, 78-0; H, 605%). The (1: 2- 
benzanthranyl-10-methyl)malonic acid formed by hydrolysis with boiling alcoholic sodium 
hydroxide was purified through its sodium salt, which crystallised from dilute alcohol in 
lustrous colourless plates (Found: Na, 11-7. C,,H,,0,Na, requires Na, 11-85%). The 
regenerated acid could not be obtained crystalline or constant-melting (m. p. ca. 200°) 
(Found : equiv., 170. Calc. for } C,gH,,O,: equiv., 172). 

B-(1 : 2-Benz-10-anthranyl)propionic Acid (II).—The aforesaid malonic acid was decarb- 
oxylated by heating at 210—220° for 4 hour. The monocarboxylic acid (II) was purified 
through its sparingly soluble sodium salt and then recrystallised from acetic acid and from 
alcohol. It formed pale yellow, lustrous needles, m. p. 210—211° (Found: C, 84-0; H, 5-5. 
C,,H,,O, requires C, 84-0; H, 5-4%). 

9 : 10-Di(chloromethyl)anthracene.—Anthracene (7-15 g.) and glacial acetic acid (45 c.c.) were 
added to a solution obtained by passing dry hydrogen chloride into a suspension of paraform- 
aldehyde (3-2 g.) in glacial acetic acid (45 c.c.). The resulting suspension, heated at 60° for 
20 hours, gave, after recrystallisation of the product from benzene, 9: 10-di(chloromethyl)- 
anthracene (3 g.). After five recrystallisations from benzene this formed long, bright yellow 
needles, which decomposed, without melting, at 204—205° (Found: C, 69-85; H, 4-6. 
C,,H,,Cl, requires C, 69-8; H, 4-4%). 

9 : 10-Di(acetoxymethyl)anthracene.—The 9: 10-dimethylanthracene was obtained from 
9 : 10-dimethoxy-9 : 10-dimethyl-9 : 10-dihydroanthracene (Guyot and Staehling, Bull. Soc. 
chim., 1905, 38, 1144) by shaking its solution in benzene-ether with sodium (compare 
Bachmann and Chemerda, J]. Amer. Chem. Soc., 1938, 60, 1023). A mixture of 9: 10-dimethyl- 
anthracene (0-5 g.), lead tetra-acetate (2-25 g.), and purified acetic acid (40 c.c.) was heated 
on the water-bath for 15 minutes, and the clear solution was poured into water. The 
flocculent precipitate was collected, washed, dried, and recrystallised from benzene. The 
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resulting 9: 10-di(acetoxymethyl)anthracene (0-4 g.) was recrystallised from benzene and then 
alcohol, and formed long straw-yellow needles, m. p. 224—225° (Found: C, 74-8; H, 5:8. 
Cy9H, 40, requires C, 74-5; H, 5-6%). Anthraquinone was obtained by oxidising this diacetate 
with chromic acid in boiling acetic acid, and the same diacetate was formed when the 9: 10- 
di(chloromethyl)anthracene described above was treated with potassium acetate in boiling 
acetic acid. 

9 : 10-Di(bromomethyl)-1 : 2-benzanthracene (III; X = Br).—A solution of bromine (1 c.c.) 
in carbon disulphide (10 c.c.) was slowly added to a solution of 9: 10-dimethyl-1 : 2-benz- 
anthracene (2-5 g.) (Bachmann and Chemerda, loc. cit.) in carbon disulphide (25 c.c.), 
cooled in a freezing mixture. Bromination took place instantaneously, and after 4 hour the 
crystalline product in suspension was collected, washed with dry ether, dried, and recrystallised 
from benzene. 9%: 10-Di(bromomethyl)-1 : 2-benzanihracene formed soft, pale yellow needles, 
m. p. 208—209° (Found: C, 57-9; H, 3-5. C,.H,,Br, requires C, 58-0; H, 3-4%), and was 
converted by potassium acetate in boiling acetic acid into the diacetate described below. 

9 : 10-Di(acetoxymethyl)-1 : 2-benzanthracene (III, X = OAc).—9: 10-Dimethyl-1 : 2-benz- 
anthracene (3 g.) was heated on the water-bath for }5 minutes with lead tetra-acetate (13-5 
g.) in purified acetic acid (225 c.c.). The crude precipitate formed by pouring into water was 
collected, dried, and digested with cold ether. The undissolved solid (2-25 g.) was recrystallised 
from benzene—light petroleum and then alcohol. 9: 10-Di(acetoxymethyl)-1 : 2-benzanthracene 
(1-75 g.) formed pale yellow needles, m. p. 167—168° (Found: C, 77-5; H, 5-45. C,,H,,.O, 
requires C, 77-4; H, 54%). For hydrolysis, a suspension of the diacetate (1 g.) in alcohol 
(25 c.c.) and 50% aqueous potassium hydroxide (2 c.c.) was boiled for an hour. After cooling, 
the resulting 9 : 10-di(hydroxymethyl)-1 : 2-benzanthracene (0-6 g.) was collected and recrystallised 
from alcohol; it formed a yellowish crystalline powder, m. p. 222—223° (Found: C, 82-9; 
H, 5-6. C.9H,,O, requires C, 83-3; H, 56%). The dihydrogen disuccinate was obtained in 
85% yield when this diol (1-5 g.) was heated at 100° for 6 hours with succinic anhydride (3 g.) 
in pure pyridine (15 g.). It crystallised from alcohol in clusters of minute, pale yellow 
needles, m. p. 199-5—200-5° (Found: C, 68-8; H, 5-0. C,,H,,O, requires C, 68-9; H, 5-1%). 
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171. Preparation of 2- and 3-Hydroxyfuran. 
By HERBERT H. Hopcson and R. Ronatp DAvIEs. 


2-Hydroxyfuran has been prepared by heating 5-sulphofuroic acid with aqueous 
sodium hydroxide in the presence of a little potassium chlorate in an autoclave at 200°. 
The isomeric 3-hydroxyfuran has been prepared by the debromination of 2-bromo-3- 
hydroxyfuran, which was obtained by the action of bromine and water on furoic acid. 


LIMPRICHT (Amnalen, 1873, 165, 291) found that the reaction of bromine with a mixture of 
furoic acid (I) and water gave in very small yield a product C,H,O,Br, which was debromin- 
ated by sodium amalgam to a substance C,H,O, that did not reduce ammoniacal silver 
nitrate. The last substance has now been shown to be 3-hydroxyfuran (III), and the bromo- 
compound is almost certainly 2-bromo-3-hydroxyfuran (II), since the attack of the hypo- 
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bromous acid should be at the 2: 3-double bond. By the method of Diels and Alder 
(Annalen, 1931, 490, 243) the 3-hydroxyfuran was condensed with maleic anhydride to 
give 4-hydroxy-3 : 6-endoxo-A*-tetrahydrophthalic anhydride (IV), which on treatment with 
a saturated solution of hydrogen bromide in glacial acetic acid at 160° afforded 4-hydroxy- 
phthalic acid. This acid was also prepared from naphthol-yellow S by the method of 
Bentley and Weizmann (J., 1907, 91, 100) and gave m-hydroxybenzoic acid when heated 
with hydrochloric acid at 180°. 

The action of bromine on furoic acid varies considerably with the amount of water in 
the medium employed, since dry bromine at 100° gives 3 : 5-dibromofuroic acid (Hill and 
Sanger, Aunalen, 1885, 232, 42), whereas the presence of excess of water tends to produce 
ring rupture, a reaction which is considerably enhanced by alkaline hypobromites. Since 
aldehydes result from ring rupture, this scission is readily detected. To prevent over- 
bromination on the one hand and ring rupture on the other, the bromination was conducted 
in chloroform, and the amount of water present was the equivalent of that demanded by 
the above scheme. The bromo-compound, obtained in about 75% yield, was 2-bromo-3- 
hydroxyfuran, apparently identical with that recorded by Limpricht (loc. cit.). If the 
quantity of water used is gradually increased above one molecule, the yield is progressively 
lowered owing to ring rupture. 

A modification of Limpricht’s reduction procedure with sodium amalgam afforded an 
89% yield of 3-hydroxyfuran from 2-bromo-3-hydroxyfuran, a reduction which is also 
effected by sodium and ethyl alcohol. The 3-hydroxyfuran so obtained differs from the oil 
described by Limpricht in that it is a crystalline solid (m. p. 58°). This difference is ascribed 
to the circumstance that Limpricht distilled his product under atmospheric pressure, and 
this procedure is now found to entail partial decomposition at ca. 120° with the production 
of water; unless 3-hydroxyfuran is thoroughly dry, it will not readily crystallise, and the 
crystals themselves become oily if exposed to a damp atmosphere. 

2-Hydroxyfuran was prepared by the action of caustic alkali under pressure at 200° on 
5-sulphofuroic acid (Hill and Palmer, Amer. Chem. J., 1888, 10, 373) in presence of a small 
quantity of potassium chlorate to prevent reduction. Its constitution follows from analysis 
and from its isomerism with 3-hydroxyfuran. Attempts to condense it with maleic 
anhydride did not give satisfactory results. 

2- and 3-Hydroxyfuran dissolve in aqueous alkalis to give solutions which rapidly 
darken. Neither compound reduces ammoniacal silver nitrate, indicating that the keto- 
structure is not readily assumed. In this respect the isomers differ from «- and 8-angelica- 

CHR:CH 
lactones, crotonolactone, and the cardiac aglycones which contain the group | >O0. 
CH,~C 
EXPERIMENTAL, 

Sulphonation of Fuvoic Acid.—Furoic acid (20 g.) was stirred into 30% oleum (100 g.) at 0° 
and after 24 hours the mixture was poured on ice (300 g.) and neutralised with lime. The 
filtered solution was treated with sodium carbonate and evaporated to dryness after removal of 
calcium carbonate. The disodium salt of 5-sulphofuroic acid was thus obtained as a waxy 
white solid (43 g.). 

2-Hydroxyfuran,—The above disodium salt (20 g.) was heated with 30% aqueous sodium 
hydroxide (200 c.c.) and potassium chlorate (2 g.) in an autoclave at 200° for 15 hours. On 
cooling, a dark brown solution, mixed with a slight amount of resin, was obtained. The alka- 
linity to Titan (Clayton)-yellow paper was carefully removed by addition of hydrochloric acid 
to the externally ice-cooled mixture and, after filtration, the ice-cooled liquid was rendered just 
acid to litmus by hydrochloric acid, an amber-coloured flocculent precipitate being obtained 
with evolution of sulphur dioxide. An ethereal extract of the product was dried with calcium 
chloride and evaporated. The pale amber residue (4-8 g.) was distilled rapidly under reduced 
pressure, a small amount of 2-hydroxyfuran being obtained in colourless prisms, m. p. 80° (de- 
comp. at 90°) [Found: C, 57-0; H, 46; O, estimated by Whitaker’s process (private 
communication), 38-0. C,H,O, requires C, 57-2; H, 4:7; O, 38:1%]. The product had a 
pungent acrid odour very dissimilar from the benzene-like odour of 3-hydroxyfuran, turned 
brown on keeping, and resinified with great ease, especially during distillation with steam, in 
which it was volatile. 
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Preparation of 2-Bromo-3-hydroxyfuran.—(a) In the absence of chloroform. Furoic acid 
(10 g.), made into a paste with water (10 c.c.), was treated gradually below 30° with bromine 
(30 g.) with vigorous stirring; hydrogen bromide and carbon dioxide were evolved copiously 
and a yellow oil separated. The mixture was poured into water and steam-distilled, the distil- 
late extracted with ether, the extract dried with anhydrous sodium sulphate, and the ether 
allowed to evaporate gradually; yellow needles of 2-bromo-3-hydroxyfuran separated (1-3 g.), 
m. p. 85° (Found: C, 29-3; H, 1-7; Br, 48-9. C,H,O,Br requires C, 29-4; H, 1-8; Br, 49-1%). 
The product had a sharp characteristic odour, was slightly soluble in water, very volatile in 
steam, soluble in alkalis, alcohol, chloroform and ether, and did not reduce ammoniacal silver 
nitrate. 

(b) In the presence of chloroform. Furoic acid (10 g.) was made into a paste first with water 
(4 c.c.) and then with chloroform (20 c.c.) and the mixture was treated below 30°, with vigorous 
stirring, with a solution of bromine (32 g.) in chloroform (20 c.c.), added during 1 hour. After 
1 hour’s stirring at 30°, the thick white paste obtained was mixed with water (100 c.c.) and the 
colourless needles of 2-bromo-3-hydroxyfuran were filtered off and washed free from hydro- 
bromic acid with water. The product crystallised from hot water in colourless needles, m. p. 
and mixed m. p. with the product from (a) 85° (Found: Br, 48-9%); yield, 9g. The chloro- 
form (ca. 20 c.c.) in the filtrate was separated and washed with water, and the solvent distilled ; 
3 g. of 2-bromo-3-hydroxyfuran were thus obtained, making the total yield 75% of the theoretical. 

Dehalogenation of 2-Bromo-3-hydroxyfuran.—(a) By sodium amalgam. 2-Bromo-3-hydroxy- 
furan (10 g.) was dissolved in a mixture of water (50 c.c.) and the amount of aqueous 30% 
sodium hydroxide necessary to effect dissolution. The solution was treated during 1 hour with 
2-5% sodium amalgam (200 c.c.), and heated at 80° for 2 hours. The straw-coloured liquid, 
containing a few crystals, was separated from the mercury, acidified with sulphuric acid, and 
steam-distilled. An ethereal extract of the distillate was dried (anhydrous sodium sulphate) 
and allowed to evaporate gradually; 3-hydvoxyfuran crystallised in colourless needles, m. p. 58° 
(Found: C, 57-0; H, 4:8. C,H,O, requires C, 57-1; H, 4:8%); mixed m. p. with 2-hydroxy- 
furan, 33—37°. 

(b) With sodium and ethyl alcohol. 2-Bromo-3-hydroxyfuran (10 g.), dissolved in ethyl 
alcohol (200 c.c.), was treated gradually under reflux with sodium (7 g.), the mixture refluxed 
for 2 hours, and the brown solution just acidified to litmus by the addition of a solution of 
sulphuric acid in ethyl alcohol. After filtration, and removal of the alcohol by distillation, 
the residue was washed with hot water, the separated oil dissolved in ether, the solution dried 
(anhydrous sodium sulphate) and filtered, and the ether gradually removed by evaporation ; 
needles of 3-hydroxyfuran separated, m. p. and mixed m. p. with the product from (a) 58° 
(Found: C, 56-9; H, 4-7%). 

4-Sulphophthalic Anhydride (cf. Bentley and Weizmann, J., 1907, 91, 100).—A mixture of 
2 : 4-dinitronaphthol-7-sulphonic acid (naphthol-yellow S) (50 g.) and nitric acid (150 g., 63%) 
was evaporated to dryness, and the pale yellow, crystalline mass extracted with hot water; 
the solution was treated with just sufficient barium chloride to precipitate the unchanged 
naphthol-yellow S. The liquid was filtered, freed from barium by addition of sulphuric acid, 
and evaporated to dryness after filtration. The yield of 4-sulphophthalic anhydride was 30 g. 

4-Hydroxyphthalic Acid.—A mixture of potassium hydroxide (100 g.), sodium hydroxide 
(50 g.), and water (20 c.c.) was heated in an iron pot to 150°, 4-sulphophthalic anhydride (20 g.) 
added during 15 minutes, and the temperature gradually raised to 180—190°. After 4 hours, 
the melt was poured on ice. The solution (300 c.c.) was just acidified to Titan (Clayton)- 
yellow paper with hydrochloric acid, filtered from inorganic matter, made acid to phenolphthalein 
by addition of more hydrochloric acid, and filtered at 80° from a trace of m-hydroxybenzoic 
acid. The cooled filtrate was ether-extracted, and the ether removed from the dried extract 
(calcium chloride); the 4-hydroxyphthalic acid obtained was recrystallised from hot water ; 
m. p. 204° (lit., 204° to 205°). 

4-Hydroxy-3 : 6-endoxo-A‘-tetrahydrophthalic Anhydride (cf. Diels and Alder, Annalen, 1931, 
490, 243; Ber., 1929, 62, 554).—A solution of 3-hydroxyfuran (4-2 g.) in anhydrous ether (100 
c.c.) was added to one of maleic anhydride (4-9 g.) in dry ether (70.c.c.). The mixture was heated 
to 40° to initiate reaction, and kept for 48 hours in a closed flask; brown needles had then 
separated, m. p. 132° (decomp.) (Found: C, 52-5; H, 3-1. C,H,O, requires C, 52-7; H, 3-3%). 
Further keeping resulted in fresh crops. Total yield, 5-5 g. 

Transformation of 4-Hydroxy-3 : 6-endoxo-A‘-tetrahydrophthalic Anhydride into 4-Hydroxy- 
phthalic Acid and m-Hydroxybenzoic Acid.—The anhydride (3 g.) was heated in a sealed glass 
tube for 12 hours at 100° with glacial acetic acid saturated with hydrogen bromide (20 c.c.). 
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The greenish-brown solution, on cooling, deposited grey prisms, which were filtered off and 
refluxed with 15% aqueous sodium hydroxide for an hour. The alkaline solution was acidified 
with hydrochloric acid and ether-extracted. The dried extract on evaporation yielded colour- 
less rhombs of 4-hydroxyphthalic acid, which were recrystallised from hot water; m. p. and 
mixed m. p. with the specimen prepared above, 204°. Yield, 1:5 g. This product (0-5 g.), 
when heated with hydrochloric acid (10 c.c., d 1-16) in a sealed tube at 180° for 6 hours, gave, 
after dilution with water and extraction with ether, m-hydroxybenzoic acid, m. p. and mixed 
m. p. with an authentic specimen 200°. 


The authors thank Quaker Oats, Ltd., for gifts of chemicals. 
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172. The Mechanism of Decarboxylation. Part II. The Production of 
Cyanide-like Ions from «-Picolinic, Quinaldinic, and isoQuinaldinic 
Acids. 

By M. R. F. AsHwortH, R. P. DAFFERN, and D. LL. HAMMICK. 


When «-picolinic, quinaldinic, and isoquinaldinic acids are decarboxylated in the 
presence of aldehydes and ketones, carbinols containing the pyridyl, quinolyl, and 
isoquinoly! radicals are obtained. This reaction is shown to be specific for the a- 
imino-acids mentioned above and it is suggested that the reason for this is that the anion- 
radicals produced when these acids lose carbon dioxide contain the modified cyanide 


ion structure N= ] ~, The addition of such cyanide-like ions to the carbonyl group 


would thus be analogous to cyanohydrin formation. 
An explanation is suggested for the readiness with which «-imino-carboxylic acids 
lose carbon dioxide and of the action of carboxylase. 


IN a previous communication (Part I, J., 1937, 1724), it was shown that when quinaldinic 
and isoquinaldinic acids are heated with certain aldehydes and ketones (benzaldehyde, 
acetophenone, benzophenone), carbon dioxide is liberated and carbinols of the type 
R,R,R,C-OH are obtained, in which R, is a-quinolyl or isoquinolyl and R, may be hydrogen. 
The view was put forward that the reaction consists essentially in the production of 
hydrogen ions, carbon dioxide and quinolyl or isoquinoly] ions, thus : 


v\ ~? bs + 
} Ree = CO, H’, 
3 RO H R, + 2+ 


the ions subsequently (or simultaneously) attaching themselves to the carbinol group : 
(~ 
R, Vy) Ht R, OH 
‘eC —_ Seg 
R; ies 2 R, Rg 
At first sight there does not appear to be any reason why, if the above mechanism were 

correct, any carboxylic acid that readily loses carbon dioxide should not yield, in the 
presence of carbonyl groups, products similar to those obtained from the quinaldinic acids. 


However, a thorough examination of the products of the decarboxylation of a wide variety 
of acids * in aldehydes and ketones (and also in unsaturated substances containing ethylenic 


* Trichloroacetic, malonic, maleic, pyruvic, phenylacetic, propiolic, trinitrobenzoic, and anthranilic 
acids, glycine, 1 : 3-dimethylpyrrole-2 : 4-dicarboxylic, 1-phenyl-5-methylpyrazole-3-carboxylic, 
1-pheny] - 5- methyltriazole - 4 - carboxylic, indazolecarboxylic, indole-2-carboxylic, 3-methylindole-2- 
carboxylic, 5-methoxy -3-methylindole-2-carboxylic, 4-chloro-2 : 6-dimethylpyridine-3-carboxylic, 
2-methylquinoline-3- and -4-carboxylic, 2-phenylquinoline-4-carboxylic, 2-methylquinoline-8-carboxylic, 
3-methy]-2-ethylquinoline-8-carboxylic, 1 : 2: 3 : 4-tetrahydroquinoline-2- and -9-carboxylic, 2-methyl- 
4: 6-dihydrofuran-3-carboxylic, and chelidonic acids. 
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and acetylenic linkages and the nitrile group) has resulted in the addition of only one acid, 
«-picolinic, to those known to undergo the type of reaction under discussion. It therefore 
became necessary to discover some factor common to the three acids «-picolinic, quinaldinic, 
and tsoquinaldinic, that could be connected with the fact that only when they, of all the 
acids examined, lose carbon dioxide, do the products of decarboxylation interact with the 
carbonyl group. It was at once apparent that the mere presence of a basic centre in the 
molecule was insufficient ; the decarboxylation of pyridine and quinoline acids other than 
those containing the carboxyl group « to the nitrogen atom yielded no products of inter- 
action with aldehydes and ketones. Furthermore, the nitrogen atom must be tertiary; 
thus tetrahydroquinaldinic acid and 1 : 3-dimethylpyrrole-2 : 4-dicarboxylic acid when 
decarboxylated in benzaldehyde or acetophenone yielded no products of interaction with 
the solvents. 

A closer inspection of the structures of the anion-radicals that, on our view of the 
primary process in the decarboxylation, are produced when carbon dioxide is eliminated 
from a-picolinic, quinaldinic, and tsoquinaldinic acids reveals the fact that they have in 


common the structure [N=<] . This is the cyanide ion [N=C]~ with one of the three 


nitrogen-to-carbon bonds replaced by aring. Since cyanide ions readily attack the carb- 
onyl group, a similar reaction might reasonably be expected to occur with the modified 


ions Ie’: It then follows that the production of carbinols from the three «-imino- 


acids mentioned above is nothing more or less than an analogue of cyanohydrin formation 
and the specific nature of the reaction receives a ready explanation. 

The carboxylic acids of the pyridine, quinoline, and tsoquinoline series vary widely 
in the ease with which they lose carbon dioxide when heated. Examination of the data 
(Wieland and Berzel, Annalen, 1924, 439, 196) and our own experience show, however, 
that the a-imino-acids are always much more easily decomposed than other isomers. This 
generalisation is illustrated by the behaviour on melting of quinoline-] : 2-dicarboxylic 
acid, the carbonyl group « to the tertiary nitrogen atom alone being eliminated to give 
quinoline-2-carboxylic acid. It seems possible to connect this behaviour with the fact 
that interaction between the basic and the acidic centres (I) must occur. This chelation, 
with its consequent setting up of a positive charge on the nitrogen atom, will facilitate the 
rupture of the adjacent C—C link, which is the essential step in the elimination of carbon 
dioxide. This would leave the isocyanide form (II), which, being a homologue of isohydro- 
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cyanic acid, might be expected to ionise and, in the absence of carbonyl groups to react 
with the ions, to revert to the ordinary form of the free base. 

In this connection the catalytic effect of primary amines and amino-acids on the rates 
of decarboxylation of certain a-ketonic acids (pyruvic and phenylglyoxylic) investigated 
by Boklund (Biochem. Z., 1930, 226, 56) and by Langenbeck and Hutschenreuter (Z. anorg. 
Chem., 1930, 118, 1) is of interest. Formation of an intermediate anil by the action of the 
amine X:NH, would give with, for instance, Wane acid, 


andar: CH, | ie CH,°C:- CH,CH 4, CHsCHO 
we +H,O—> || oe cO,—> = ee ay 
X-NH, XN*H + X-NH, 


This mechanism makes it clear why secondary and tertiary bases (piperidine and pyridine) 
showed no catalytic effect (loc. cit.). The decarboxylation of the anil of pyruvic acid in 
boiling benzaldehyde (X = C,H;) failed to yield a cyanohydrin- -like derivative, 2-styryl- 
quinoline-4-carboxylic acid being obtained as main product (Doebner and Peters, 
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Ber., 1889, 22, 3007). We would, however, call attention to the work of Langen- 
beck, Wrede, and Schlockermann’ (Z. physiol. Chem., 1934, 227, 263) on the decarboxyl- 
ation of pyruvic acid by carboxylase with the production of «-acetylethyl alcohol. These 
authors proposed a mechanism which depends on the intermediate formation of an alde- 
hyde-imine by the action of the enzyme, which is itself an amino-compound X*NHg, thus : 

O,H CO, . 9 FH-NX CH,-C—=NX CH;¢—=0 2 X-NH 
cHyCoNX > CHyCH=NX’ 2CH, ~” CHyCH-NHX ~~ CH,-CH-OH * 2 
Our suggested mechanism for the decarboxylation of «-imino-carboxylic acids enables a 
reason to be given for the production of acetylethyl alcohol that does not require the un- 
explained second step in the above process, thus : 


OB, ech CH, = 
eet e ; C=O + Ht + [CH,,C—NX]- —> 
[CH,C—=NX]- \CO,H 
CHy OH uo CH; OH 
ZH, —* ec + X:NH, 


CO,H” \C=NK —-CO,H” + CO-CH, 


The product, «-hydroxy-«-methylacetoacetic acid, might be expected to lose carbon 
dioxide with the same ease as does acetoacetic acid, giving «-acetylethyl alcohol. 


EXPERIMENTAL. 


Diphenyl-2-quinolylcarbinol, CJSH,N*CPh,-OH.—2-5 G. of quinaldinic acid were heated with 
25 g. of benzophenone for 2 hours at 175°; evolution of carbon dioxide had then ceased. The 
cold reaction mixture was shaken with equal parts of 15% hydrochloric acid and ether. The 
aqueous layer, containing basic substances, was made alkaline with sodium hydroxide and 
distilled in steam to remove a small quantity of quinoline. The insoluble brown carbinol 
remaining (3 g.) was twice recrystallised from ligroin (b. p. 100—120°); m. p. 189° (Found : 


C, 844; H, 5-7. C,,H,,ON requires C, 84:6; H, 5-8%). No acetyl or benzoyl derivative 
could be obtained and the substance formed no urethane with phenyl isocyanate. 

Phenyl-2-pyridylcarbinol, C,H,N-CHPh-OH.—5 G. of picolinic acid were dissolved in 30 g. 
of freshly distilled benzaldehyde and maintained at 140° for 1} hours (cessation of evolution of 
carbon dioxide). Treatment as above with hydrochloric acid and ether and liberation of bases 
by the addition of alkali gave 5 c.c. of a brown oil, which was washed with water to remove 
pyridine, dried in ether over sodium sulphate, and distilled under diminished pressure. The 
colourless liquid obtained (3 c.c.), b. p. 181—183°/16 mm.., solidified on standing and after two 
crystallisations from ligroin (b. p. 80—100°) and one from ligroin—benzene (1 : 1) had m. p. 78° 
(Tschitschibabin, Ber., 1904, 37, 1371, gives m. p. 82°) (Found: C, 77-9; H, 6-0. Calc. for 
C,.H,,ON: C, 77-8; H, 59%). The picrate had m. p. 169°, and the phenylurethane, m. p. 
143-5° (Found: N, 9-5. C,,H,,O,N, requires N, 9-2%). Unlike the corresponding phenyl-2- 
quinolylearbinol (Dyson and Hammick, Joc. cit.), this carbinol is not oxidised to the ketone in 
air. 

Phenyl-2-pyridylmethyicarbinol, C;H,N-CPhMe-OH.—5 G. of picolinic acid and 25 g. of 
freshly distilled acetophenone were maintained at 25° for 2 hours. Working up as above 
yielded 7 c.c. of a basic oil free from pyridine. On distillation 5 c.c. of a colourless oil were 
obtained at 152-5°/745 mm.; this did not crystallise on keeping. The picrate, m. p. 176°, was 
crystallised from ethyl alcohol (Found: N, 13-4. C,,;H,;ON,C,H,O,N, requires N, 13-1%), 
and the phenylurethane, m. p. 151°, from light petroleum (b. p. 40—60°) (Found: C, 75-2; 
H, 5-6; N, 8-8. Cy 9H,,0,N, requires C, 75-5; H, 5-7; N, 8-8%). The p-nitrobenzoate had 
m. p. 225°. 

Diphenyl-2-pyridylcarbinol, C,;H,N-CPh,-OH.—6-5 G. of picolinic acid and 30 g. of benzo- 
phenone were heated for 4} hours at 160°; no more carbon dioxide was then evolved. The cold 
product was acidified and extracted with ether. On neutralisation of the acid layer a red solid 
separated, which was crystallised from alcohol and from ligroin (b. p. 80—100°); yield, 1-6 g. 
of colourless crystals, m. p. 105°. The picrate had m. p. 173° (decomp.) (cf. diphenyl-2- 
pyridylearbinol, m. p. 105°; picrate, m. p. 173°: Tschitschibabin and Benewolenskaja, Ber., 
1928, 61, 547). 
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p-Methoxyphenyl-2-pyridylcarbinol, CgH,(OMe)-CH(OH)-C;H,N.—3-5 G. of picolinic acid in 
30 g. of anisaldehyde ceased to give off carbon dioxide after 2 hours’ heating at 175°. After 
working up as in the above preparations, 2-2 g. of colourless crystals, m. p. 131-5°, were obtained 
from ethyl alcohol (Found: N, 6-5. C,,;H,,0,N requires N, 65%). The phenylurethane 
formed white needles, m. p. 145°, from ligroin (Found : N, 8-3. C,9H,,0,N, requires N, 8-4%). 
The acetyl derivative had m. p. 82°. 


The authors thank Imperial Chemical Industries Limited for grants and for permission to 
publish the results. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, February 23rd, 1939.] 





173. The Active Principles of Leguminous Fish-poison Plants. Part I. 
The Properties of 1-«-Toxicarol isolated from Derris malaccensis 


(Kinta Type). 


By STANLEY H. HARPER. 


The optically active precursor of toxicarol has been obtained by direct crystallis- 
ation of an ethereal extract of Derris malaccensis (Kinta type). After being freed from 
a small proportion of sumatrol by the method of Cahn, Phipers, and Boam (1938), 
the /-«-toxicarol was identical in properties with that described by Tattersfield and 
Martin (1937). It is concluded that the optical data of Cahn, Phipers, and Boam are 
untrustworthy, and their criticism of Tattersfield and Martin unjustified. 


TATTERSFIELD and MARTIN (J. Soc. Chem. Ind., 1937, 56, 77 T; Ann. Appl. Biol., 1938, 
25, 411) have described the isolation of an optically active, crystalline precursor of toxicarol 
from ‘‘ Sumatra-type ”’ Derris resin. Cahn, Phipers, and Boam (J., 1938, 513), utilising 
seed crystals supplied by Dr. Tattersfield, also have been able to obtain this precursor 
crystalline, and have shown it to be /-«-toxicarol. Their work led them to doubt the 
purity of Tattersfield and Martin’s preparation. Recently an authentic sample of Derris 
malaccensis grown in the Kinta district of Malaya was received. As the extract corres- 
ponded in character [high ether extract (21%), low rotenone content (1%), and giving 
much toxicarol with alkali] to the ‘‘ Sumatra-type ”’ resin of Cahn and Boam (J. Soc. Chem. 
Ind., 1935, 54, 37 T), the opportunity was taken of examining the question of the purity 
of this toxicarol precursor. When a concentrated ethereal extract of the root was cooled 
in a refrigerator, crystallisation took place spontaneously in quantity corresponding to 
60% by weight of the resin. Crystallisation from ethyl acetate-ethyl alcohol gave the 
crude toxicarol containing sumatrol described by Cahn, Phipers, and Boam (loc. cit.). This 
was freed from sumatrol by their ether trituration method to give pure /-a-toxicarol. It 
was identical in physical and optical properties with a specimen prepared by Dr. Tatters- 
field. Moreover, examination of a specimen prepared by Cahn, Phipers, and Boam (for 
which I am indebted to Dr. Cahn) gave the following results : 
Cahn, Author’s 


Tattersfield ei figures 
and Martin and m for the 
(locc. cit.). | Harper. (loc. cit.). last. 


l-a-Toxicarol—/-sumatrol mixture, m. p. 101°, [a]p in 
benzene — 80° — 68° — 


l-a-Toxicarol, m. p. 102-5°, [a]p in benzene a — 66 —53 — 68° 
l-a-Toxicarol, m. p. 102-5°, [a]p in acetone +59 +69 +58 
The rotations are all in 4-00% solution, except those of Cahn, Phipers, and Boam, which 
are in 5—6% solution (see J., 1938, 737). An examination of the variation of [«]p with 
concentration (see p. 815) showed that this could not account for the discrepancies between 
the third and the fourth columns of the table. From the agreement between the different 
preparations examined in this laboratory it must be concluded that the three preparations 
are of substantially the same purity and free from /-sumatrol. The polarimetric figures of 
Cahn, Phipers, and Boam would seem to be untrustworthy. Their preparation is 
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undoubtedly pure, but the conclusion they drew from their optical data as to the purity 
of Tattersfield and Martin’s preparation would appear to be unjustified. 

The racemisation of /-«-toxicarol and /-«-dihydrotoxicarol in benzene—methy] alcohol 
by potassium hydroxide has been examined, the mechanism of which has been discussed 
by Cahn, Phipers, and Boam (J., 1938, 513). Tattersfield and Martin (Ann. Appl. Biol., 
1936, 28, 909), using ‘‘ Sumatra-type ”’ resin, showed that the reaction velocity was propor- 
tional to the amount of methyl alcohol added with the alkali. The same phenomenon 
has been observed with /-«-toxicarol (Fig. 1). 

Plotting logo ({a]i*° — [«]’*,- ..) against time (Fig. 2) gave for each experiment a straight 
line over the first two-thirds of the reaction, indicating that it is essentially unimolecular. 
The increase of the reaction constant is more rapid than the increase in the proportion of 
the methyl alcohol, which is due probably to the racemisation occurring in the alcohol 
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rather than in the benzene, as with alcohol alone the reaction is too rapid to be followed with 
accuracy. The slowness of the reaction in benzene may be correlated with the observation 
that /-«-toxicarol is not extracted from a benzene solution by aqueous potassium hydroxide, 
though readily so from ethereal solution. 

Rowaan and van Duuren have recently stated (Chem. Weekblad, 1938, 35, 755) that 
toxicarol occurs in Derris extract as protoxicarol; from its properties (levorotatory in 
benzene and dextrorotatory in acetone) it is undoubtedly /-a-toxicarol. 


EXPERIMENTAL. 


The D. malaccensis used was received in the form of short lengths of air-dried root, which 
were chopped and finely ground. On analysis the ground root gave 20-9% of ethereal extract 
and 1-3% of rotenone on an air-dry basis. (The method of rotenone estimation used is to be 
published elsewhere shortly.) Microanalyses are by Drs. Weiler and Strauss, Oxford. Methoxyl 
determinations, except where otherwise stated, are by the author, using Clark’s semimicro- 
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method (J. Assoc. Off. Agric. Chem., 1932, 15, 136). The calibration of the polarimeter used was 
checked with solutions of pure rotenone in benzene, any differences from the figures of Jones 
and Smith (J. Amer. Chem. Soc., 1932, 52, 2557) being within the error of reading the scale. 
Melting points are uncorrected. 

The finely ground air-dried root (1000 g.) was extracted to completion with ether in a large 
Soxhlet apparatus. The solution was filtered from a little amorphous material and concen- 
trated to 700 c.c. On cooling in a refrigerator, rapid separation of the crude /-«-toxicarol took 
place without the necessity for seeding. Crystallisation proceeded through a gelatinous form, 
which after a few hours changed into hard yellow nodules. The filtrate from this crop, after 
concentration, slowly deposited, on prolonged cooling, a further quantity of crude toxicaro!. 
The total yield was 117 g. (i.e., 56% of the resin) (crop A). 

The dark red ethereal filtrate from which no more toxicarol would separate was extracted 
with alkali by method (c) of Cahn, Phipers, and Boam. (J., 1938, 531). The first extracts of 
emulsifying agents were discarded, only the fractions giving a yellow precipitate being acidified 
and the precipitated phenols removed in ether. This solution was dried with sodium sulphate, 
concentrated to small bulk, and kept in a refrigerator for a week, during which yellow crystals 
separated (9-5 g.) (crop B). The filtrate from this slowly deposited a mixed crop of yellow 
and colourless plates; the latter were separated by hand and shown to be nearly pure 
l-sumatrol by m. p. (194°) and non-depression of m. p. on admixture with authentic 
l-sumatrol. 

Crop A.—This was crystallised from ethyl acetate-ethyl alcohol (1: 3), and the toxicarol 
obtained in clusters of long, thin, yellow prisms (85 g.), m. p. 101—102°, [«]?”” — 80° in 4-00% 
benzene solution. Cahn, Phipers, and Boam (Joc. cit.) record [«]) — 68° in benzene for a similar 
preparation. 

A portion of this was freed from /-sumatrol by the above authors’ method of trituration with 
ether, and crystallised from ethyl acetate-ethyl alcohol repeatedly until a further crystallisation 
changed neither the m. p. nor the optical rotation. The pure /-«-toxicarol so obtained formed 
yellow plates, m. p. 102-5°, [«]?”” — 66° in 4.00% benzene solution, [a]? + 59° in 400% acetone 
solution. Cahn, Phipers, and Boam (loc. cit.) record — 53° and + 69° respectively. 

As the proportion of contaminating sumatrol was small, the somewhat laborious purification 
of Cahn, Phipers, and Boam was simplified as follows: 45-0 g. of powdered toxicarol (m. p. 
101—102°, [«]??” — 80° in benzene) were mechanically shaken with 450 c.c. of ether for 2 hours. 
The undissolved, practically white solid (5-4 g.) was fairly pure /-sumatrol, m. p. 165—170°. 
The filtrate was concentrated to 150 c.c. and kept in a refrigerator, the toxicarol crystallising in 
masses of yellow prisms (34-3 g.). This crop was reshaken with ether (10 vols.), and the insoluble 
portion examined for the presence of sumatrol by further trituration with ether; only toxicarol, 
however, was present. The ethereal solutions were therefore concentrated and allowed to 
crystallise, and the crops of toxicarol combined (29-1 g.), m. p. 95°. Two crystallisations from 
ethyl acetate-ethyl alcohol (1: 3) sufficed to obtain constancy of optical rotation, giving /-«- 
toxicarol (23-0 g.) identical in properties with that prepared above, m. p. 102-5°, [a] — 66° in 
400% benzene solution. It was found advantageous in later preparations to insert a crystallis- 
ation from ethyl acetate (2 vols.) after the ether trituration. The crude /-«-toxicarol 
({a]p — 80°) contained approximately 10% of /-sumatrol. 

Analyses of this purified /-«-toxicarol were very difficult to interpret (Found: C, 66-5, 
66-4; H, 5-5, 5-5. Calc. for C,,H,,0,: C, 67-3; H, 5-4%). Cahn, Phipers, and Boam (J., 
1938, 522) had obtained similar values for carbon of 0-5 — 1-4% low for toxicarol on material 
containing sumatrol. This divergence from the expected figures has been found to extend to the 
methoxyl content [Found: (semimicro) MeO (preparations by the author, air-dried), 15-85, 
15-8, 15-8; (after 8 hours on the Hyvac pump at 85°), 15-6; (another preparation dried in a 
vacuum at room temperature), 15-6; (preparation by Dr. Tattersfield, air-dried), 15-9; (pre- 
paration by Cahn, Phipers, and Boam, air-dried), 15-9; (micro) MeO (dried in a vacuum at room 
temperature), 15-8. Calc. for C,3H,,0,: MeO, 15-1%]. No difficulty was experienced in 
analysing either rotenone (Found: MeO, 15-8, 15-8. Calc. for C,3H,,0,: MeO, 15-7%) or dl-a- 
toxicarol (Found: MeO, 15-0. Calc. for C,;H,,0,: MeO, 15-1%). The formula C,,H,,0, 
(requires C, 66-3; H, 5-6; MeO, 15-6%) fits the above data quite well, yet it is difficult to 
reconcile this with the ready formation of di-«-toxicarol (C,,H,,0,) by mild alkali treatment 
and of /-dihydrotoxicarol (C,,;H,,0,) by catalytic hydrogenation (see below). 

Crop B.—Two crystallisations from ethyl acetate-ethyl alcohol gave /-«-toxicarol (5-1 g.) 
in clusters of yellow plates, m. p. 100°, [a], — 64° in 4-:00% benzene solution. There was no 
indication of the presence of /-8-toxicarol. 
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Apart from the alkali-soluble emulsifying agents, /-«-toxicarol and /-sumatrol appear to 
constitute the whole of the phenolic portion of D. malaccensis (Kinta type) resin. 

Variation of [«]p with Concentration.—In an attempt to elucidate the disagreement of [«]p 
between that recorded by Cahn, Phipers, and Boam (loc. cit.) and that found by the author, the 
variation of [«]) with concentration was determined : 


Concn. % in benzene 2-00 4-00 5-00 6-00 8-00 10-00 
[a}2o° — 66-4° — 64-2° — 62-0° — 60-0° — 57-5° 


The variation is approximately linear, and as such is given by the equation [a]?” = 1-46c —72-0°, 
where c is the % concentration of /-«-toxicarol in benzene. Calculation from the equation gives 
the following : 


Concn. % in benzene . 4-00 5-00 6-00 8-00 10-00 
[a}30° ° — 66-2° —64-7° —63-2° —60-3° —57-4° 


It was found difficult to replicate rotations in acetone solution with different preparations, 
though these were constant in benzene solution. This may be due to differences in the purity 
of the acetone used. The variation of [«]) with concentration was small and barely significant : 


Concn. % in acetone 4-00 6-00 8-00 
[a]}a0° +58° +57° 


It is evident that the variation in concentration used (5—6%) by the above authors does not 
account for the differences found. 

Equilibration of |-a-Toxicavol.—(a) To l-«-toxicarol (0-5 g.) in benzene (10 c.c.), 1-7% methyl- 
alcoholic potassium hydroxide (4 c.c.; 1 equiv.) was added. The following rotations were 
observed in a 1 dm. tube when the solution was kept : 


5 7:5 10 15 20 25 30 45 
+261° +250° +241° +223° +206° +192° +178° +146° 
75 90 105 120 150 180 270 400 
+102° + 90° + 81° + 74° + 66° + 59° + 49° + 46° 
(b) The quantities of (a) with an additional 4 c.c. of methyl alcohol added : 


Time, mins. 1 2 3 5 75 10 15 20 25 
[a}is° +293° +263° +250° +231° +213° +195° +167° +138° +4119° 


Time, mins. 35 40 45 * 60 75 90 105 120 150 
+ 82° + 75° + 59° + 53° + 50° + 46° + 44° + 40° 
(c) The quantities of (a) with an additional 8 c.c. of methyl alcohol added : 


<i 1 2 3 4 5 6 7 8 9 
+279° +255° +239° +223° +209° +194° +186° +174° +165° +157° 
Time, mins. 10 12-5 15 17-5 20 25 30 45 60 90 


[a}is° +145° +128° +113° +100° + 93° + 79° + 68° + 50° + 46° + 42° 


Time, mins. 


These results are plotted in Figs. 1 and 2. 

The racemisation was accompanied by side reactions productive of red impurities which finally 
rendered the solution too opaque to read. In no experiment, however, was a fall to zero 
observed as claimed by Cahn, Phipers, and Boam under the same conditions. 

No crystalline product could be obtained in attempted acetylation of /-«-toxicarol by (a) 
acetic anhydride in pyridine at room temperature, or (b) boiling acetic anhydride for short 
periods. 

Methylation by diazomethane in benzene-ether was unsuccessful, as only /-«-toxicarol could 
be isolated in poor recovery. 

l-x-Dihydrotoxicarol.—Pure I-«-toxicarol (20-0 g.) and a platinum oxide catalyst (0-5 g.) in 
purified dioxan (250 c.c.) (Oxford, Biochem. J., 1934, 28, 1328) were stirred under hydrogen until 
absorption ceased. J/-«-Dihydrotoxicarol was isolated by pouring the filtered solution into 
water and crystallising the precipitate from alcohol. Despite treatment with charcoal and 
repeated crystallisation the /-«-dihydrotoxicarol (13-9 g.; 70% of the theoretical yield) formed 
pale yellow needles, m. p. 173—174°, [«]}%° — 37° in 5-00% benzene solution (Found: C, 66-8; 
H, 5-8; MeO, 15-0. Calc. for C,,H,,O,: C, 67-0; H, 5-9; MeO, 15-0%). Cahn, Phipers, and 
Boam (J., 1938, 534) record m. p. 178—180° and [a], — 57° in benzene. 
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Reduction in “ AnalaR”’ acetic acid at room temperature gave a product similar in 
properties and yield. 

l-a-Dihydrotoxicarol Monoacetate.—l-a-Dihydrotoxicarol (5-0 g.), anhydrous sodium acetate 
(2-0 g.), and acetic anhydride (50 c.c.) were boiled under reflux for 10 minutes and then poured 
into water. The residue after destruction of the anhydride crystallised from alcohol in colourless 
needles (3-5 g.), m. p. 179°, [«]}®° + 57° in 5-00% acetone solution (Found: C, 65-7; H, 5-65; 
MeO, 13-65. Calc. for C,;H,,O,: C, 66-1; H, 5-8; MeO, 13-65%). Cahn, Phipers, and Boam 
(loc. cit.) record m. p. 184—186°, [a]p + 64-5° in acetone. 

Hydrolysis of the acetate by hot 5% alcoholic hydrochloric acid for 30 minutes gave the 
parent phenol, m. p. 170° (after softening at 167°), [a]}®° — 31° in 5-00% benzene solution, 
indicating that partial racemisation had occurred. 

Attempted methylation of the parent phenol with diazomethane in benzene-ether was 
unsuccessful, /-«-dihydrotoxicarol being obtained in 80% recovery. 

Equilibration of \-«-Dihydrotoxicarol.—To lI-a-dihydrotoxicarol (0-5 g.) in benzene (10 c.c.), 
1-7% methyl-alcoholic potassium hydroxide (4 c.c.; 1 equiv.) was added. The following 
rotations were observed : | 


Time, mins, ......... 1 5 10 15 30 45 60 15 
GET accccocnesdacscoss +250° +244° +229° +3210° +168° +138° +113° + 94° 
Time, mins. ......... 90 105 120 150 180 210 240 1440 
SEE dddndensisceesaces +-or +e +e" see te tee Ul e.ULCU!; 


A reading could not be made after 24 hours owing to the separation of impure di/-dihydro- 
toxicaro! in reddish-orange needles. A reddening, though not so pronounced as with /-a- 
toxicarol, was observed. Logy, ([a]}*° — 40°) plotted against time gave a straight line over the 
period 0 to 180 minutes, with k = 0-008, indicative of a unimolecular reaction. 


I am indebted to the Director, Department of Agriculture, Malaya, for the supply of root, 
and to the Ministry of Agriculture and the Colonial Development Fund for grants which have 


made this work possible. 
ROTHAMSTED EXPERIMENTAL STATION, HARPENDEN, HERTS. [Received, February 27th, 1939.] 





174. Halogenation in the Anthraquinone Series. 
By Frank H. Day. 


The sulpho-groups in anthraquinonesulphonic acids in aqueous solution can be 
replaced by bromine at high temperatures, giving bromoanthraquinones. a-Carboxyl 
groups can be replaced by chlorine or bromine under similar conditions. There is some 
evidence that nitro-groups can be replaced by chlorine by the action of hydrochloric 
acid at high temperatures. 

The action of chlorine and bromine on aqueous solutions of hydroxyanthraquinone- 
sulphonic acids at 100° leads to disruptive oxidation, but at the ordinary temperature 
several of the sulphonic acids react with bromine, yielding bromohydroxyanthra- 
quinonesulphonic acids. The sulpho-group of l-aminoanthraquinone-2-sulphonic acid, 
however, is also replaced, giving dibromoaminoanthraquinone. 


THE preparation of chloroanthraquinones from dilute aqueous solutions of anthraquinone- 
sulphonic acids by heating with a chlorate and hydrochloric acid at 100° is well known 
(Ullmann, Amnalen, 1911, 381, 2; Schilling, Ber., 1913, 46, 1066; Goldberg J., 1931, 1771). 
Patent claims that bromoanthraquinones can be prepared in a similar manner cannot be 
substantiated : a reaction mixture behaving in a strictly analogous manner to the chlorate 
and hydrochloric acid cannot be reproduced with bromine compounds. 

The possibility of replacing «-sulpho-groups by means of molecular bromine depends 
on the use of a high temperature : in sealed tubes at 250°, satisfactory yields of 1-bromo- 
anthraquinone were obtained from anthraquinone-l-sulphonic acid. There is evidence 
that 1: 5- and 1 : 8-dibromoanthraquinones are formed in a similar manner but in very 
small yield. So far it has not been found possible to replace 6-sulpho-groups in this way 
and no evidence was obtained of any action at temperatures up to 260°. An attempt was 
made to extend the method to iodination and some evidence of the formation of minute 


yields of iodoanthraquinone was obtained. 
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Anthraquinone-l-carboxylic acid in aqueous suspension is converted into 1-chloro- 
anthraquinone by heating with a chlorate and hydrochloric acid at 200° and into 
1-bromoanthraquinone by molecular bromine at 200°. Experiments on the $-carboxylic 
acid have so far given negative results. 

Claims (D.R.-Pp. 128845, 252578, 254450) that treatment of nitroanthraquinones in 
inert solvents with chlorine at 160° leads to replacement of the nitro-group have not been 
substantiated. In attempts to replace the nitro-group in 1-nitroanthraquinone by chlorine 
by heating with hydrochloric acid at 280—300° (cf. Ber., 1896, 29, 594) a product was 
obtained which appears to be a very impure chloroanthraquinone. 

In contrast to the behaviour of the simple negatively substituted anthraquinones the 
sulphonic acids of hydroxy- and amino-anthraquinones are remarkably reactive towards 
halogens, but the reactivity is due entirely to the hydroxy- and amino-groups, the sulpho- 
groups in general not being affected : several bromohydroxyanthraquinonesulphonic acids 
and a dibromoaminoanthraquinone have thus been prepared. The sulphonic acids used 
were all 8-sulphonic acids, the «-sulphonic acids being difficult of access. The substances 
studied were 1-hydroxyanthraquinone-2-sulphonic acid, anthrarufin-2 : 6-disulphonic 
acid, alizarin-3-sulphonic acid, quinizarin-3-sulphonic acid, and l-aminoanthraquinone-2- 
sulphonic acid. In the first instance the acids were submitted to chlorination under 
conditions similar to those usually employed for preparing the simple chloroanthraquinones, 
viz., moderately dilute aqueous solutions were treated at 100° with a chlorate and hydro- 
chloric acid. This treatment leads to disruption of the anthraquinone ring system by 
oxidation, giving in every case colourless non-anthraquinonoid substances. In experiments 
with nascent and molecular bromine under the same conditions disruptive oxidation of all 
the hydroxyanthraquinonesulphonic acids occurred as above. 1-Aminoanthraquinone-2- 
sulphonic acid is, however, more stable and when treated with molecular bromine at 100° 
or even in the cold it readily yields 2 : 4-dibromo-l-aminoanthraquinone. 

Treatment of the hydroxyanthraquinonesulphonic acids in cold aqueous solution with 
molecular bromine led to the formation of sparingly soluble bromohydroxyanthraquinone- 
sulphonic acids, which usually separated. From quinizarin-3-sulphonic acid, however, 
no bromo-derivative was obtained; here the #-position to a hydroxyl group, which is 
usually the point of entry of bromine, is occupied. The presence of hydroxy-groups in 
each nucleus of anthrarufin-2 : 6-disulphonic acid enhances reactivity to such an extent 
that with excess of bromine a tetrabromo-derivative is readily obtained (D.R.-P. 197,082 
claims the formation of a dibromo-derivative under similar conditions), The action of 
bromine on an aqueous solution of alizarin saphirol (4: 8-diaminoanthrarufin-2 : 6-di- 
sulphonic acid) leads to the formation of a deep magenta-coloured solution possessing 
dyeing properties, but the substance has not been isolated in a pure form. 

The chief interest of these reactions lies in the facts that they show the dominant effect 
of hydroxy- and amino-groups as activating influences in the anthraquinone molecule and 
that replacement of sulpho-groups by halogen is not possible when those groups are present, 
except in the case of l-aminoanthraquinone-2-sulphonic acid; here the sulpho-group is 
replaced with great ease, whereas, as previously indicated, this operation can only be 
carried out with the simple sulphonic acids with considerable difficulty. 


EXPERIMENTAL. 


Action of Bromine on Anthraquinone-l-sulphonic Acid.—A mixture of potassium anthra- 
quinone-1-sulphonate (2 g.) in water (20 c.c.), 25% hydrobromic acid (4 g.), and bromine (2 g.) 
was heated in a sealed tube at 250° for 24 hours. The solid product was an orange cake of 
1-bromoanthraquinone. It was boiled with water to remove soluble salts and crystallised from 
acetic acid; yield 1-05 g., m. p. 188° (Found: Br, 28-0. Calc.: Br, 27-9%). 

Bromination of the a-Disulphonates.—Similar treatment of the 1 : 5- and the 1 : 8-disulphonate 
gave minute quantities of brown and dark red crystalline products respectively. These gave 
qualitative reactions for bromine. No intermediate monobromo-sulphonic acid could be 
detected in either case. 

Action of Iodine on the 1-Sulphonic Acid.—25 C.c. of a saturated aqueous solution of the 
1-sulphonic acid were heated with 1 g. of iodine at 250° for 12 hours. The residue after removal of 
soluble matter consisted of dark yellow crystals (0-05 g.) and gave a qualitative reaction for iodine. 

3H 
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Action of Chlorine on Anthraquinone-l-carboxylic Acid.—The acid (1 g.) was heated with 
dilute hydrochloric acid (20 c.c.) and sodium chlorate (1 g.) ina sealed tube at 200° for 12 hours ; 
carbon dioxide was produced. The product, after being boiled with dilute sodium hydroxide 
solution to remove unchanged carboxylic acid, separated from acetic acid in pale yellow crystals 
(0-5 g.), m. p. 155° (Found: Cl, 14-6. Calc.: Cl, 147%). 

Action of Bromine on the 1-Carboxylic Acid.—The acid (1 g.) was heated as above with 
water (20 c.c.) and bromine (1 g.) for 12 hours at 200°. The product, similarly treated, consisted 
of pale yellow crystals (0-5 g.), m. p. 185° (Found: Br, 27-2. Calc.: Br, 27-9%). 

Action of Hydrochloric Acid on 1-Nitroanthraquinone.—The substance (1 g.) was heated with 
concentrated hydrochloric acid (20 c.c.) in a sealed tube at 250° for 6 hours and then at 280° 
for 6 hours. The brownish cake obtained, after crystallisation from acetic acid, had m. p. 
133—135°, depressed by 1-chloroanthraquinone, but raised by 2-chloroanthraquinone (Found : 
Cl, 14-5. Calc.: Cl, 14:7%). The substance was not reduced by sodium sulphide and contained 
no nitrogen. 

4-Bromo-1-hydroxyanthraquinone-2-sulphonic Acid.—l-Hydroxyanthraquinone (20 g.) was 
heated at 120° with 20% fuming sulphuric acid (100 g.) until a drop of the melt was completely 
soluble in water. The mixture was run into cold water (1 1.) and filtered and an excess (30 g.) 
of bromine, dissolved in potassium bromide solution, was added during 2 hours. The yellowish- 
orange solid which separated (21 g.) was crystallised from hot water (Found: Br, 20-0; 
S, 84. C,,H,O,BrS requires Br, 20-8; S, 83%). The sulphonic acid was soluble in hot water 
and sparingly in cold. From hot solutions, potassium chloride precipitated the potassium salt. 
The position of the bromine atom was proved (a) by heating the potassium salt with baryta 
and water at 200°, a minute yield of purpurin (1:2: 4trihydroxyanthraquinone) being 
obtained, recognised by m. p. and by formation of a fluorescent solution with boiling alum, and 
(b) by heating with 80% sulphuric acid at 170° for a few minutes, 4-bromo-1-hydroxyanthra- 
quinone, m. p. 184°, being formed. 

Tetrabromoanthrarufin-2 : 6-disulphonic Acid.—This was prepared by a similar method to 
that used for the previous substance or (as the potassium salt) as follows: A saturated aqueous 
solution of potassium anthrarufin-2 : 6-disulphonate (2 1.) was treated with an excess of bromine 
in the cold. After some hours separation of the bromo-compound was complete. The sparingly 
soluble potassium salt was collected, boiled with water to remove any unchanged anthrarufin- 
disulphonate, and obtained as an orange-red solid (Found: Br, 42-0; S, 8-0. C,,H,O,,Br,S,K, 
requires Br, 41-4; S, 8-3%). Its solubility in water at 100° was less than 1 part in 4000. When 
warmed with aqueous ammonia and a trace of copper, it gave a dark blue solution, probably 
of an amino-hydroxy-sulphonic acid, which dyed wool blue. 4-Bromo-l-hydroxyanthra- 
quinone-2-sulphonic acid does not react in this way. 

Potassium 4-Bromoalizarin-3-sulphonate.—200 C.c. of a 1% solution of alizarin-3-sulphonic 
acid were treated with an excess (4 g.) of bromine and kept for several hours. On addition of 
potassium chloride (20 g.) the potassium salt of the brominated acid separated; it crystallised 
from hot water as a red solid (Found : Br, 16-8; K, 10-1; loss at 120°, 8-9. C,,H,O,BrSK,2H,O 
requires Br, 16-9; K, 9-95; H,O, 92%). The bromine atom is regarded as having entered 
the substituted nucleus at the only available position, viz., 4. 

Bromination of 1-Aminoanthraquinone-2-sulphonic Acid.—This may be carried out at the 
ordinary temperature, but better results are obtained at 100°. 500 C.c. of a 1% solution of 
sodium l-aminoanthraquinone-2-sulphonate were acidified with hydrobromic acid and boiled 
under reflux while 5 g. of bromine, dissolved in potassium bromide solution, were gradually 
run in. There was immediate separation of a scarlet precipitate and no bromine fumes were 
observed in the condenser. After 3 hours the product was collected (4-7 g.) and crystallised 
from acetic acid. The scarlet powder obtained had m. p. 214° and left no residue on ignition 
(Found: Br, 41-2. Calc. for C,,H,O,NBr, : Br, 42-0%). The usual influence of the amino- 
group in halogenation being taken into account, it is probable that one bromine atom enters at 
position 4, and the other bromine atom presumably replaces the sulpho-group at position 2. 
The substance is therefore identified with 2 : 4-dibromo-l-aminoanthraquinone, with which 
it agrees in appearance and properties. 


The author’s thanks are due to Imperial Chemical Industries Ltd. for gift of materials. 
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175. Derivatives of Monosilane. Part I. The Reactions of 
Chlorosilane with Aliphatic Amines. 


By H. J. EMELEus and NICHOLAS MILLER. 


Chlorosilane, SiH,Cl, reacts with methylamine to form methyldisilylamine, 
CH,N(SiH;,)., b. p. 32-3°. This is quantitatively decomposed by aqueous sodium 
hydroxide and with hydrogen chloride regenerates chlorosilane. With dimethylamine 
there is a comparable reaction, which leads to the formation of a compound 
N(CH,),*SiH,; but this cannot be isolated owing to secondary reactions. Trimethyl- 
amine reacts in equimolecular proportion with chlorosilane to form a solid quaternary 
compound, N(CH;),(SiH;)Cl, which dissociates irreversibly on heating owing to dis- 
proportionation of the chlorosilane formed into silane and dichlorosilane. The quater- 
nary chloride reacts with water to form disilyl ether, (SiH;),0, and undergoes a 
comparable reaction with ethyl alcohol. 


THE investigation of the volatile and monomeric compounds of silicon has hitherto been 
restricted chiefly to those of the types prepared by Kipping, and to the hydrides SiH,, 
Si,H,, SisH,, and Si,Hj9, and a relatively small number of their simpler derivatives, such 
as disilyl ether (Stock et al., Ber., 1917, 50, 1754), trisilylamine, N(SiH,), (Ber., 1921, 54, 
740), and the chloro-, bromo-, and iodo-derivatives. This has been largely due to the diffi- 
culty of handling many of these substances save by the vacuum-technique. Now those 
compounds which contain the silyl radical, SiH,°, are of special interest on account of their 
tendency to remain monomeric where their congeners containing such radicals as SiH,: 
polymerise; and our first object in reopening this field was to prepare and characterise 
some of the numerous silyl derivatives which are at present unknown and should be acces- 
sible through the halogenated silanes. A further aim was to prepare compounds which 
might serve later as a means of characterising free radicals containing silicon. 

The new silyl derivatives, methyl- and ethyl-disilylamine, dimethylsilylamine, and 
trimethylsilylammonium chloride, have been obtained by the action of silyl chloride on 
methylamine, ethylamine, dimethylamine, and trimethylamine respectively; their pro- 
perties, compared with those of the corresponding amines, illustrate the persistence of the 
reactivity of the silyl radical in its derivatives. The stability of quaternary compounds 
of the type N(CH,),(SiH;),,-Cl appears to decrease with increase in the number of silyl 
radicals present : and of these, trimethylsilylammonium chloride provides a ready means 
of preparing yet other compounds containing the silyl radical, e.g., disilyl ether by the 
action of water, and there are strong indications that further syntheses may be effected by 
means of the same reagent. 


EXPERIMENTAL. 


Monosilane was prepared by the liquid-ammonia method of Johnson and Isenberg (J. A mer. 
Chem. Soc., 1935, 57, 1349). The magnesium silicide employed was produced by heating the 
finely powdered elements together at 700° for 24 hours in a current of hydrogen. The yield of 
hydride was greatly improved by carrying out the reaction under a reflux condenser packed 
with solid carbon dioxide, which had the effect of keeping the liquid ammonia largely in the 
reaction vessel. The hydride was obtained tensimetrically pure in a vacuum-apparatus of the 
type used by Stock, his method of purification being improved and expedited by carrying out 
the distillation of the hydride from a bath of pentane cooled by liquid nitrogen at — 150°, 
instead of at —125°. A mixture of mono- and di-chlorosilane was prepared by heating mono- 
silane and hydrogen chloride at 110° in presence of aluminium chloride, which acts as a catalyst 
(Stock, Ber., 1919, 52, 695). It was found unnecessary to seal off the reaction vessel containing 
the catalyst, and successive preparations could be carried out in a vessel connected with the 
apparatus by a mercury valve, without renewing the catalyst. Chlorosilane was obtained 
tensimetrically pure by fractionation. 

Preparation and Properties of Methyldisilylamine.—306-0 C.c. of chlorosilane and 331-1 c.c. 
of methylamine were measured out successively in a calibrated bulb in the vacuum-apparatus, 
distilled into traps on opposite sides of a 2-1. globe, and allowed to vaporise and mix in the bulb. 
A fog of methylamine hydrochloride formed immediately, and the volatile products were 
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distilled into the vacuum-apparatus and analysed. When the residual solid was treated with 
water, the greater part dissolved, leaving only a small residue of silicon-containing polymers 
which were decomposed by alkali with evolution of hydrogen. The solution was filtered and 
examined quantitatively for chlorine (Found, 218-0 c.c. of Cl’). A preliminary fractionation of 
the volatile product was carried out at —115°, and the material volatile at this temperature 
was tensimetrically pure chlorosilane (95-5 c.c.; v. p. 195 mm. at — 58-0°). There was no 
residual methylamine. The ratios, CH,-NH,,HCl found/CH,-NH, taken, and SiH,Cl reacting/ 
CH,°NH, reacting, were thus evaluated as 0-654 and 0-632 respectively, showing that the re- 
action may be represented approximately by the equation 
2SiH,Cl + 3CH,-NH, = CH,:N(SiH;), + 2CH,-NH,,HCl 

The substance which was not volatile at —115° and, from the equation, should have the 
formula CH,*N(SiH;), was next isolated by fractional distillation at — 95°, followed by fractional 
condensation at —85°. The condensate at this temperature was divided into three parts by 
fractional distillation; these had identical vapour-pressure curves, showing that the substance 
was homogeneous. The vapour density was measured in a Stock V-tube [Found: M, 91-6. 
Calc. for CH,*N(SiH;),: M, 91-7]. 11-46 C.c. of the substance, decomposed by 40% aqueous 
alkali, evolved 68-80 c.c. of hydrogen, indicating the reaction 


CH,’N(SiH;), + 4NaOH + 2H,O = CH;'NH, + 2Na,SiO, + 6H, 
The vapour-pressure data for methyldisilylamine were as follows : 


WRU: cecscneahsornienia’ —72-1° —623° —521° —44-4° —38-9° —27-2° —21-5° 
TO. MD tentene 2 6 8 16 23 47 64 
, bh iReteak teaeed —142° — 3-6° 0-0° 52° 9-1° 13-4° 17-9° 
V. p. (MM.) ..ecceceeeee 96 162 192 243 286 346 413 


The log p-1/T curve gave an extrapolated b. p. of 32-3°, and a latent heat of vaporisation 
of 74-1 cals./g., as compared with 65-0 cals./g. for trisilylamine, calculated from the work of 
Stock (loc. cit.), and 101-3 cals./g. for trimethylamine. 

The reaction of methyldisilylamine with hydrogen chloride was investigated by condensing 
6-71 c.c. of the amine on 31-44 c.c. of hydrogen chloride held in liquid air, and allowing the two 


substances to volatilise and react. The volatile products were pumped off and hydrolysed by 

sodium hydroxide solution, whereby 38-97 c.c. of hydrogen were evolved, indicating the presence 

of 12-66 c.c. of chlorosilane in a total volume of 24-74 c.c. of chlorosilane-hydrogen chloride 

(calc., 24-73 c.c. from the equation below). The chlorine in the solid deposits was estimated 

gravimetrically (Found, 6-59 c.c.). These values are close to those required by the equation : 
CH,-N(SiH;), + 3HCl = CH,-NH,,HCl + 2SiH,Cl 

A mixture of the amine (pressure, 26 mm. in a vessel of 150 c.c. capacity) and oxygen (327 
mm.), introduced while the amine was held at —78°, was heated gradually. There was no 
visible reaction below 140°, but at this temperature an explosion took place resembling in 
violence that obtained when silane itself is mixed with oxygen and heated. 

Preparation and Properties of Ethyldisilylamine.—390-2 C.c. of chlorosilane were allowed to 
react with 516-6 c.c. of pure ethylamine as described above, and the products examined as in 
the case of methyldisilylamine. The reacting volume ratios C,H,-NH,/C,H,;*NH,,HCl and 
SiH,Cl/C,H,-NH, were 1-474 and 0-679 respectively, in accordance with the equation 


2SiH,Cl + 3C,H,-NH, = C,H,-N(SiH;), + 2C,H,;NH,,HCl 
The vapour pressures of freshly fractionated ethyldisilylamine were as follows : 


Temp. —45-4° —35-6° —26-7° —20-6° —11-7° —10-6° 1-5° 4-5° 9-1° 16-0° 20-0° 
V. p. (mm.) 2 7 14 20 34 40 68 83 103 135 153 

The b. p. extrapolated from the log p-1/T curve was 65-9°, the latent heat of evaporation 
being 67-6 cals./g. The m. p. was —127°. On standing, slight decomposition occurred : after 
10 days, for example, the vapour pressure was 144 mm. at 13-1°, 100 mm. at 1-6°, and 67 mm. 
at —13-3°. The increase in pressure was due in part to silane, which could be pumped off at 
— 130°, and in part to a substance of medium volatility, which was not identified. Ethyl- 
disilylamine could, however, be freed from this less volatile decomposition product by distil- 
lation at —65°, at which temperature the ethyldisilylamine alone was volatile. The vapour 
density of a sample of ethyldisilylamine which had been standing for some days gave a mole- 
cular weight of 103-4 [Calc. for C,H,-N(SiH,),: M, 106-9], and evolved 5-8 times its volume of 
hydrogen on hydrolysis with sodium hydroxide solution. 
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4-27 C.c. of the amine, when treated with 25-57 c.c. of hydrogen chloride, gave a gaseous 
mixture of volume 20-82 c.c. (calc.,; 21-30 c.c.), which gave 26-84 c.c. of hydrogen on treatment 
with 40% alkali solution, indicating the presence of 8-71 c.c. of chlorosilane after reaction, and 
confirming the equation 

C,H,;"N(SiH;), + 3HCl = C,H,-NH,,HCl + 2SiH,Cl 

Preparation of Dimethylsilylamine.—168-0 C.c. of dimethylamine were allowed to react with 
95-0 c.c. of chlorosilane at room temperature as already described. The reacting ratios 
NH(CH;),,HCl/NH(CH3), and SiH,Cl/NH(CH;), were 0-46 and 0-54 respectively, in approximate 
agreement with the equation 

SiH,Cl + 2NH(CH;), = N(CH;),°SiH; + NH(CH;),,HCl 

This is almost certainly the primary reaction, but it is complicated by secondary processes, 
which render the isolation of the pure amine impossible by fractionation. Thus in the above 
experiment, the total volatile product was distilled away from the dimethylamine hydrochloride, 
and the excess of chlorosilane was taken off at —110°; but the residue could not be further 
separated, as at —85° it was completely involatile, and at —75° the whole mass distilled in the 
course of 5 hours. It evolved monosilane slowly (25-0 c.c. in 10 days). After removal of this 
at —130° there remained a liquid at room temperature, from which, on cooling to —10°, a 
crystalline solid separated. The vapour density of the mixture gave a molecular weight of 84-47 
[Calc. for N(CH,),°SiH, : M, 75-37]. Another experiment, in which an excess of dimethylamine 
(241-3 c.c. of dimethylamine : 109-2 c.c. of chlorosilane) was used, gave a similar mixture. 

It was considered, by comparison with the reaction with trimethylamine to be described 
later, that, during the fractionations at low temperatures, a certain percentage of the dimethyl- 
silylamine had formed a quaternary salt, N(CH;),(SiH;),Cl, with the excess of chlorosilane. 
This had then dissociated in part into its components on warming to room temperature; and 
the chlorosilane thus formed had undergone disproportionation, thus : 


2SiH,Cl = SiH, + SiH,Cl, 


@ process catalysed by the double compound. This conjecture was supported by the identical 
discrepancies (8%) in both the reaction ratios given above, and by the high vapour density of 
the mixture, which would all be accounted for on this theory. 

Preparation and Properties of Trimethylsilylammonium Chloride.—Several preparations of 
this compound were carried out by the interaction of chlorosilane and trimethylamine at room 
temperature. Trimethylamine was prepared by heating the hydrochloride in a vacuum with 
quicklime, the gas evolved being dried in succession with potassium hydroxide and phosphoric 
oxide. The reactants combined in strictly equal volumes, as the data in Table I show. 


TABLE I. 
The Combining Ratios of Trimethylamine and Chlorosilane. 


Vol. N(CH,)3, Vol. SiH,Cl, Excess gas, C.Cc., Reaction ratio 
c.c. c.c. measured. calculated. N(CH;),: SiH,Cl. 
3-68 3-62 1: 1-004 
0-15 0-13 1: 1-005 
9-70 10-15 1: 0-975 
21-0 19-3 1: 0-984 


22-32 18-70 

6-07 5-94 

19-95 9-80 
104-2 123-5 


The white solid product was not volatile at — 78°, and could thus be held at this temperature 
while the excess of either reactant was pumped off and measured. In all cases the excess re- 
maining, whether of chlorosilane or of trimethylamine, was tensimetrically pure. The solid 
could be sublimed into the apparatus in a high vacuum. It was analysed by forming it directly 
in the decomposition vessel from known volumes of the gases, the excess of either being pumped 
off at —78° and measured. A 40% solution of sodium hydroxide was then run on it, the evolved 
hydrogen measured, and chlorine in the resulting solution estimated gravimetrically. The 
results of two such experiments are below : 


C.c. at N.T.P. 


Vol. of N(CH,); 22-32 6-07 
Vol. of SiH,Cl 18-70 5-94 


3-68 

b 3-62 
Vol. of Hy 55-70 
Vol. of CY’ in soln. ............000eceees 18-72 


0-15 
0-13 
18-74 
5-90 
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These data are in fairly close agreement with the equation 
N(CH;),;(SiH,)Cl + 3NaOH = Na,SiO, + NaCl + N(CH;), + 3H, 


The dissociation pressures of the quaternary compound at a series of temperatures were 
measured by forming a quantity of the compound in a small bulb attached to a spring gauge, 
sealing off the bulb, and immersing the whole in a variable-temperature thermostat of 2 gallons 
capacity. Values of the dissociation pressure for a series of temperatures up to 86°, 45 minutes 
being allowed for equilibrium to be established at each temperature, were obtained, and are 
tabulated below. The values in the second line are for increasing temperatures, and those in 
the fourth line for decreasing temperatures. 


TABLE II. 


The Dissociation Pressures of Trimethylsilylammonium Chloride. 
33-5° 45-7° 62-2° 75-6° 86-5° 
39 65 158 312 531 
70-7° 57°5° 19-6° 
283 173 83 


It is apparent from these data that the dissociation is not reversible. The contents of the 
vapour-pressure determination apparatus were returned to the vacuum-apparatus at the end 
of the experiment; it was then found that monosilane and a material of medium volatility had 
been formed in small amounts. This pointed to a disproportionation of the chlorosilane formed 
in the primary dissociation, thus : 

(1) N(CH,),(SiH,)Cl = N(CH,), + SiH,Cl 

(2) 2SiH,Cl = SiH, + SiH,Cl, 
Chlorosilane was known from the work of Stock to disproportionate in this manner; and the 
process could well be catalysed by the presence of the undissociated quaternary compound. It 
will be seen that reaction (2) entails no volume change; and on this hypothesis, the data 
recorded in the second line of Table II would represent true dissociation pressures. 

In order to test this view, 50-2 c.c. of trimethylamine were treated with a large excess (119-0 
c.c.) of chlorosilane at room temperature, and the resulting mixture of the double compound 
with an excess (68-8 c.c. in theory) of chlorosilane was heated in a bulb at 50° for 48 hours in a 
water-bath. The products volatile at —78° were returned to the fractionation apparatus, and 
had a total volume of 67-1 c.c.: they were found to consist of 27-74 c.c. of silane, which was 
separated quantitatively at — 135°, and 39-40 c.c. of mixed chlorosilanes. Now, since 27-74 c.c. 
of silane had been evolved, if the equation 2SiH,Cl = SiH, + SiH,Cl, had been followed, the 
mixture of chlorosilanes should consist in theory of 27-74 c.c. of dichlorosilane and 39-40 — 
27-74 = 11-66 c.c. of monochlorosilane, and therefore have a mean content of 2-29 atoms H/mol. 
The chlorosilane mixture was in fact hydrolysed, the hydrogen evolved measured, and the 
chlorine in theresulting solution determined gravimetrically. The results (86-8c.c. H, and 68-1 c.c. 
Cl’) indicated mean values of 2-22 and 2-27 atoms H/mol. respectively. As the excess of mono- 
chlorosilane had evidently disproportionated in this way, one could assume that any which had 
arisen in the first place from the dissociation of the double compound would also have dispro- 
portionated; and this theory of the decomposition of the quaternary salt appears, therefore, 
to be correct. 

One can, indeed, draw up a series of such quaternary compounds, in which it appears that 
the stability decreases as the number of silyl radicals increases, thus : 


N(CH;,),Cl Stable 
N(CH;);(SiH;)Cl Moderately stable 
N(CH;),(SiH;),Cl Unstable 
N(CH,)(SiH;),;Cl Not formed 
N(SiH;),Cl Not formed 


The fourth and the fifth compound, had they been formed, would have been detected in the 
preparation of methyldisilylamine and trisilylamine respectively, since these preparations were 
carried out in the presence of an excess of monochlorosilane. 

Trimethylsilylammonium chloride inflamed spontaneously when pure oxygen was admitted 
on it at room temperature, but in moist air, being almost immediately hydrolysed, it fumed 
strongly without burning. Its behaviour with oxygen was complicated, however, by the mono- 
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silane produced on decomposition. Its reaction with water was studied by running out-gassed 
distilled water on a specimen prepared by the reaction between 9-80 c.c. of chlorosilane and 19-95 
c.c. of trimethylamine, the 9-70 c.c. excess of trimethylamine being removed subsequently at 
—178°. A vigorous reaction took place, and a gas was evolved which was immediately pumped 
off through a line of liquid-nitrogen traps. It consisted of hydrogen and a condensable product, 
which was freed from water by fractionation at —78° and examined. This proved to be tensi- 
metrically pure disilyl ether (3-38 c.c.); which showed that hydrolysis according to the equation 
2N(CH;),(SiH;)Cl + H,O = 2N(CH;,);,HCl + (SiH;),0 
had taken place to the extent of 69-0%, the remainder having reacted further with decomposi- 
tion of the silyl radicals. This reaction is similar to the hydrolysis of chlorosilane itself (Stock, 
Ber., 1923, 56, 132), which takes place, however, to the extent of only 50%. On standing with 
water in a closed system overnight, the disilyl ether decomposed further, giving intermediate 
water-soluble hydrolysis products. These solutions reduced potassium permanganate, and were 
decomposed by alkali with evolution of hydrogen. 

Some preliminary experiments were carried out on a small scale to discover the reactions of 
trimethylsilylammonium chloride. It reacted readily with an excess of ethyl alcohol, evolving 
hydrogen and a condensable gas, which was freed from alcohol by fractionation. This gas was 
stable, and is believed to be silyl ethyl ether, SiH,-O-C,H,, mixed with di- and tri-ethoxysilane. 
The rather laborious fractionation of this mixture is being pursued. The quaternary compound 
also reacted with formaldehyde, the volatile products consisting of silane and a liquid of low 
volatility ; no chlorosilanes were present. Further experiments are being carried out with the 
object of establishing fully the nature of the above compounds, and the reactions described are 
evidently likely to prove quite general. Experiments are also in progress to determine whether 
the quaternary compounds containing silicon yield conducting solutions in non-aqueous solvents. 


One of the authors (N. M.) is indebted to the University of London for the Neil Arnott Stu- 
dentship in Chemistry, and to the Liverpool Education Committee and the Department of 
Scientific and Industrial Research for grants. 
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176. Structure of the Chromium Lakes of Dyes. Part I. Lakes of 
00’-Dihydroxy- and o-Hydroxy-o'-carboxy-azo-compounds, including 
Monosulphonic Acids. The Behaviour of Azosalicylic Acids with 
Chromic Salts. 


By H. D. K. Drew and R. E. FAIRBAIRN. 


An investigation of the chromium lakes of mordant dyes was undertaken in view of 
the importance of chroming processes in the dyeing of fibres, and also in order to find 
what effect on the structures of the lakes would result on passing from a bivalent metal 
(such as copper) to tervalent chromium. For comparison, some lakes of ferric iron, 
and of some bivalent metals also, were examined. With oo’-dihydroxy- and o-hydroxy- 
o’-carboxy-azo-compounds, the chief type of chromium or ferric lake contained one 
azo-residue to one metallic atom, the third valency of the metal remaining associated 
with an acidic radical; when, in virtue of this third valency, the metallic atom inter- 
acted with a second molecule of the same or of a similar azo-dye, a more complex type of 
lake, acidic in nature, was produced. The effect of introducing a sulphonic acid group 
into the azo-dye was, in the case of chromium, to produce water-soluble lakes retaining 
the same essentials of structure. The lakes, which belong to types not hitherto des- 
cribed, were often beautifully crystalline, and their purity was not open to doubt; 
they represent, essentially, structures which are actually present in chrome-dyed fibres, 
the primary chromium lakes of the sulphonic acid dyes being identical with those 
deposited in dyeings with chromium lake dyes. The chromic lakes, especially those of 
the oo’-dihydroxy-azo-dyes, were found to be much more stable to mineral acids than 
the ferric or copper lakes. On the other hand, a single o-hydroxyl group was in- 
sufficient to hold a chromium atom in stable union with an azo-dye, so that the linking 
of chromium with an azo-nitrogen atom may be feebler than that of copper. The 
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azosalicylic acids formed chromic lakes having markedly different properties from the 
foregoing lakes; two types were recognised, which are probably of general occurrence 
in the series. Some lakes of nickel, copper, and zinc are also described: with the 
oo’-dihydroxy-azo-compounds, not containing sulphonic acid groups, nickel and zinc 
form, like copper, monomeric complexes involving combination of the metal atom 
with both hydroxyl groups. Monomeric copper derivatives of the azosalicylic acids 
were isolated; they may be among the types of the derivatives of this series which are 
applied industrially. 


Amonc the numerous metallic derivatives of the mordant dyes, the chromium lakes are of 
paramount interest, because of their exceptionally favourable properties in relation to the 
dyeing of fibres. It is well recognised that the chroming of many dyes greatly improves 
their fastness to washing and milling, and also to light, and that it has an important effect 
in modifying the shades. Within the last few decades there has been a tendency towards 
the use as dyes of the chromium lakes themselves, as a supplement to the methods of intro- 
ducing the metal by the chroming process. These two methods, however, are by no means 
equivalent in the majority of cases : for example, in a number of instances, whilst the shade 
produced by dyeing with a chromium lake is the brighter, that of one or more of the 
chroming processes may hold the advantage in fastness. The method of dyeing with a 
chromium lake leads to the introduction into the fibre of a practically uniform colouring 
lake, so that it may be regarded as the equivalent of dyeing with a single substance; but 
it is nearly certain that, at least in many instances, the chroming processes lead to the 
deposition in the fibre of more than one colouring lake. Hardly any information is available 
as to the structure of any of these colouring lakes of chromium, although in some examples 
of the chromium lakes used as dyes an approximate ratio of the number of chromium atoms 
present per molecule of combined dye has been given. It would clearly be of great advan- 
tage, in considering the mechanism of dyeing on the various fibres and the factors which 
control the degrees of fastness to the several agencies, to have an outline of the structures 
and properties of the colouring lakes of chromium. The object of the work to be described 
in the present and later papers was to obtain information of this kind by preparing and 
examining pure chromium derivatives of dyes, and subsequently to compare their effects 
on fibres with those obtained in the chroming processes. The present paper is concerned 
with chromium derivatives of some of the less complex mordant azo-dyes. 

Morgan and his collaborators (Morgan and Porter, J., 1915, 107, 645; Morgan and Evens, 
J., 1919, 115, 1126; Morgan, J. Soc. Dyers and Col., 1921, 37, 43) were the first to give close 
attention to the structure of the chromium lakes of azo-dyes. Morgan and Main Smith 
(J., 1921, 119, 704; 1922, 121, 160, 286; 1924, 126, 1731; J. Soc. Dyers and Col., 1925, 
41, 233; see also Morgan and King, J., 1922, 121, 1723; Morgan and Moss, #bid., p. 2857) 
made an extensive examination of the cobaltammine lakes of azo-dyes containing three dye 
residues to each metallic atom bound in the inner sphere of co-ordination, and they pre- 
pared also several chromium lakes (¢.g., those of Diamond Black PV and of Palatine 
Chrome Black 6B) of analogous constitution. They recognised the union of the metallic 
atoms with azo-nitrogen and with a hydroxyl group in the o-position with respect to an 
azo-group. The substances described by them do not, however, overlap with any of those 
mentioned in the present paper. 

We investigated the direct interaction of some of the simpler types of azo-compounds 
with chromium salts, in the absence of co-ordinating amines, with a view to extending the 
knowledge obtained by Morgan as to the part played by substituents ortho to the azo- 
group. We wished also to find how far the possession of the extra valency bond of tervalent 
chromium, as compared with bivalent copper, would influence the character of the metallic 
lakes (compare Drew and Landquist, J., 1938, 292, on the structure of the copper lakes). 
The following is a summary of the results obtained. 

o-Hydroxy-azo-compounds, Experiments with benzeneazo-$-naphthol, with 4’-nitro-, 4’- 
sulpho-, and 4’-carboxy-benzeneazo-f-naphthol, and with benzeneazo-«-naphthol-4-sul- 
phonic acid, in which attempts were made to obtain chromium derivatives involving union 
of chromium at the phenolic hydroxyl and co-ordination with azo-nitrogen, led to negative 
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results. Only salts in which chromium was combined with the carboxy- or sulpho-group 
could be obtained. This result tends to confirm the general impression that a single o- 
hydroxyl group is insufficient to hold a chromium atom in stable combination with azo- 
nitrogen, although further experiments with the azo-sulphonic acids are in progress. The 
co-ordinated ferric complexes were similarly either non-existent or very unstable, and 
those of bivalent manganese and of zinc were likewise not obtained. The behaviour of 
these metals, therefore, contrasts with that of bivalent copper, nickel, and cobalt, which 
readily form co-ordinated complexes with these o-hydroxyazo-compounds under suitable 
conditions. 

00’-Dihydroxy-azo-compounds. o-Hydroxybenzeneazo-$-naphthol, when condensed in 
alcoholic solution with chromic chloride, gave as main product the dark purple, crystalline 
chromi-chloride tetrahydrate (I), which was soluble in warm water and contained the chlorine 
as an ion (indicated by a broken line in the formula). Three of the four water molecules are 


Cl 3H,0 Cl 34,0 
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probably co-ordinated with the chromium atom. When the tetrahydrate was caused to 
lose part or the whole of the attached water molecules, either by boiling its aqueous solution 
for some time or by drying the crystals at 150° and above, it became converted into a form 
insoluble in boiling water and not restored to the soluble condition on being kept for a long 
time in moist air or in water. It was found that other chromi-chlorides of the same type 
likewise occurred in water-soluble and -insoluble forms, the latter having a lower water 
content; and it seemed probable that, as soon as one or two molecules of water were lost 
from the tetrahydrate, the chlorine atom became covalently attached to chromium, giving 
a tri- or di-hydrated chromi-chloride, insoluble in water but soluble in ether. As partial 
loss of water from the water-soluble chromi-chlorides occurs very easily, the phenomenon is 
important in the preparation and use of these derivatives. The removal, above 150°, of 
the last molecule or two of water from the tetrahydrate was accompanied by loss of part of 
the chlorine as hydrogen chloride, probably with formation of a chromi-hydroxide or -oxide, 
and therefore the extent of the rehydration of the dried material, equivalent to 24 molecules 
of water, on exposure to moist air had but little exact significance. Aqueous ammonia or 
potassium chromate produced from the chromi-chloride an amorphous purple precipitate, 
insoluble in water, but soluble in chloroform, which was shown to be the chromi-oxide 
tetrahydrate (or chromi-hydroxide dihydrate). 

The preparation of the foregoing chromi-complexes showed without doubt that the third 
valency of tervalent chromium could remain, after lake-formation, as an ionised valency, 
or as a covalency, unassociated with the azo-dye residue, the union of the metal with the 
latter being constituted by the remaining two valencies of chromium and (probably) the 
co-ordination with azo-nitrogen. This type of lake, hitherto unobserved, was found to be of 
general occurrence among the 0o’-dihydroxy- and o-hydroxy-o’-carboxy-azo-compounds, 
whether or not acidic groups were substituted in the aromatic nuclei of the azo-dye. It 
seems clear that in lakes of this type the plane of the azo-dye residue must be perpendicular 
to that of the three addenda co-ordinated to the chromium atom (¢.g., 3H,0). 

The tinctorial properties, also, suggested that these lakes were of interest in connection 
with the theory of chrome dyeing, and therefore attention was given to possible alternative 
methods of formulation. In the first place, polymeric forms of the suggested structure 
may be ruled out, since they would involve either (a) the presence of chromium bound in the 
external sphere, and such was shown to be absent ; or (8) the linking of chromium atoms with 
two hydroxyls associated each with a different molecule of the azo-dye, a type of structure 
which may likewise be eliminated when the fact that the monohydroxy-azo-compounds do 
not form chromi-complexes is taken into consideration. There would thus appear no 
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alternative to formule of type (I), except those of the equivalent quinone-hydrazone type, 
one of the two possible forms of which is shown in ([A). An alternative view, which cannot 
be excluded on experimental evidence, might be adopted, viz., to regard the chromium atom 
of (I) as co-ordinated with all four water molecules but not with the azo-nitrogen atom ; 
on the loss of one molecule of water, the covalency with chlorine would be set up; and on 
the loss of a second molecule of water, co-ordination with the azo-nitrogen would be estab- 
lished, the substance becoming insoluble in water but more soluble in organic solvents. 
Such a theory might apply also in other similar cases (e.g., IV and V). 

Any possibility that the azo-dye residues had become altered (for example, oxidised) 
during the formation of the lakes was negatived, not only from consideration of the analy- 
tical figures, but by removing the chromium atom by means of aqueous oxalic acid and 
showing that the original azo-dye was regenerated in a pure state. This conclusion was 
further confirmed by using azo-dyes (see later) in which a methyl, nitro-, or sulphonic acid 
group was substituted for hydrogen in the reactive p-position with respect to the hydroxyl 
of the benzene nucleus; the same type of lake was produced in each case. 

The chromi-chloride (I) can, however, react with a further molecule of the azo-dye, 
yielding an acidic complex, which, as would be anticipated, is anhydrous; thus, when 
condensation was carried out in glacial acetic acid, the purple-black crystalline acid chromi- 
complex (II) was obtained, insoluble in water and in most organic solvents, but forming water- 
soluble salts with aqueous alkalis, ammonia, or organic bases. This substance was able also 
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to form salts with chromium in the kation, of which the insoluble anhydrous chromi-acetate 
[II, with Cr(C,H,O,), as kation, instead of H] was obtained. It also formed a purple 
octahydrated salt with the kation of (I), a substance soluble in ether and alcohol but insoluble 
in water, which was the principal by-product in the previously mentioned condensation in 
alcohol as solvent; this salt may be regarded as (III), three molecules of the water being 
associated with the kationic chromium atom, but further work is necessary to establish the 
structure in this case. In these complex substances 
it seems stereochemically possible that the negatively 
charged chromium atom can still maintain an octahedral 
symmetry, the median planes of the two azo-residues 
being inclined perpendicularly to one another (annexed 
figure). 
It will be seen that it would not be possible for such 
a substance as (II), in which chromium has its full 
co-ordination number, to add on a further molecule of 
the azo-dye, producing a tribasic acid, unless the co- 
ordination with the azo-nitrogen atoms were disrupted. 
The fact that no substances of this type were isolated 
throughout the work is therefore to some extent a confirmation of the co-ordination of 
azo-nitrogen with the metallic atom, though it is not entirely excluded that in some cases 
co-ordination with additional water molecules may be substituted for the linkings with 
azo-nitrogen atoms. 
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2 : 2’-Dihydroxyazobenzene gave a chromi-chloride tetrahydrate similar in structure and 
very similar in properties to (I), except that it was much less purple in shade and when 
dehydrated did not become insoluble; it formed an insoluble oxide or hydroxide when 
treated with aqueous ammonia or potassium chromate. r 

5’-Nitro-2’-hydroxybenzeneazo-$-naphthol, when condensed with chromic chloride in 
alcohol, gave, as main product, a violet-red, crystalline chromi-chloride hexahydrate (IV), 
which was soluble in water and somewhat closely resembled (I) in general properties; it 
gave an insoluble chromi-chloride (probably a dihydrate), with covalently bound chlorine, 
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when boiled for some time with water, and a hydroxide (probably tetrahydrated) or oxide 
when treated with aqueous ammonia or potassium chromate. A by-product in the main 
reaction (above) was the chromi-chloride pentahydrate, purple scales, soluble in ether but 
only sparingly soluble in water; this substance contained un-ionised chlorine, and is to be 
regarded as produced from (IV) by the loss of one of the three molecules of water attached to 
the chromium atom. The space structure of (IV) and its analogues is presumably the 
same as that of (I). 

2’-Hydroxy-5’-sulphobenzeneazo-8-naphthol condensed with chromic chloride or 
sulphate in water, yielding lustrous, dark purple needles of the chromi-sulphonate hexa- 
hydrate (V), which may alternatively be regarded as (VA). The occurrence of this chromic 
complex and of following analogues proves that the third valency of chromium may be 
associated with a sulphonic acid group, the position of which in the azo-structure is not 
material in this respect. The substance (V) was soluble in water; it lost six molecules of 
water on desiccation, and had then the composition of the dipolar substance (V, Jess 6H,O), 
but it was now insoluble in all solvents, including water, aqueous alkalis, and organic 
bases; when exposed to moist air for a long time, it slowly regained }H,O, but remained 
insoluble. This behaviour on desiccation is probably to be attributed to the polymerisation 
of a number of the dipolar molecules, a long chain or large ring structure being formed. 
In following cases of analogues it will be shown that this irreversible polymerisation on 
removal of the water molecules does not occur invariably with the chromi-sulphonates, but 
is dependent, in an unknown manner, on the structure of the azo-molecules. The chromi- 
sulphonate (V) gave purple salts, readily soluble in water, with aqueous alkalis, pyridine, or 
ammonia, of which the ammonium salt was analysed; (V) did not, however, add on salt 
ions, such as those of sodium chloride. When the ammonium salt, which does not lose 
ammonia even at 200°, was completely desiccated, it remained readily soluble in water, 
showing, as would be anticipated, that it had not undergone polymerisation; aqueous 
mineral acids regenerated the original chromi-sulphonate from the ammonium salt. 

On removal of the chromium atom of (V) with oxalic acid, the original azo-compound 
was recovered unchanged, showing that the formation of the complex does not involve an 
oxidation of the dye residue. Nevertheless, it was found that the same chromi-sulphonate 
(V) was obtained on condensing the azo-dye with aqueous potassium dichromate acidified 
with sulphuric acid, though in diminished yield; thus the dichromate was reduced to a 
chromic salt at the expense of part of the dye. 

The foregoing condensation with chromic sulphate and the azo-sulphonic acid was 
modified in more concentrated solutions, especially when a greater proportion of the chromic 
salt was used: a considerable proportion of insoluble, amorphous, purplish-red material 
was then formed, having the composition of the chromi-sulphonate tetrahydrate (V, with 
4H,O instead of 6H,O); this, however, was a polymerised substance; it became partially 
depolymerised on desiccation and rehydration, gaining more water than was originally 
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lost (see experimental section) and probably becoming a chromi-oxide of the azo-sulphonic 
acid; when dissolved in aqueous ammonia, it was transformed into the ammonium salt 
of (V). Amorphous precipitates were frequently produced in small quantities in similar 
condensations with other azo-dyes, but it was proved that they could not always be con- 
verted into soluble complexes in the manner described above. 

A by-product of the condensations with the azo-sulphonic acid was usually present in 
the neutralised mother-liquors after the separation of (V) ; this substance, which was purple- 
black and soluble in water, was formed also on condensing (V) with a further molecular 
proportion of the azo-dye; it was the nonahydrated tribasic acid chromi-complex (V1), 
which formed soluble alkali salts; it was not rendered insoluble on desiccation. In the 
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same manner, 5’-nitro-2'-hydroxybenzeneazo-$-naphthol combined with (V), giving the 
blue-black nonahydraied dibasic acid chromi-complex (VII). The formation of acids of this 
kind, on combination of the chromi-complexes with an additional molecule of the same or 
of another 0o’-dihydroxyazo-dye, seems to be a general rule; it appears to be immaterial 
whether or not acidic substituents are present in either of the azo-residues; these chromi- 


acids dye animal fibres in much darker shades than do the former type of chromi-complexes 
(e.g., V) of either of the constituent azo-dyes present, as also is the case with (VI) and its 
analogues. 

When the sulphonic acid group in the foregoing type of dihydroxy-azo-compound was in 
the naphthalene instead of in the benzene nucleus, the same type of chromium complex was 
produced. 4’-Hydroxy-m-tolueneazo-$-naphthol-6-sulphonic acid gave the crystalline 
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nonahydrated chromi-sulphonate (VIII), of a bluer shade of violet than (V), and also more 
difficult to obtain crystalline; on desiccation at 150°, it appeared to lose only eight of its 
nine molecules of water, and, unlike (V), it was not polymerised in the process but remained 
soluble in water. 

Condensation of 2’-hydroxy-4’-sulphonaphthalene-1’ : 4-azo-1-phenyl-3-methylpyrazol- 
5-one and chromic chloride in alcohol gave a crystalline red chromi-sulphonate (IX), which 
may have been a hexahydrate but appeared to contain 5$ molecules of water; it was only 
sparingly soluble in water, but formed readily soluble ammonium and alkali salts; on desic- 
cation at 170°, it appeared to retain one molecule of water, but became still less soluble in 
water. 

The examples given in the preceding paragraphs justify the conclusion that in all cases 
of 0o’-dihydroxyazo-compounds the primary action of chromic salts is to insert a metal 
atom at the two hydroxy] groups, this atom being probably also co-ordinatively bound with 
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one nitrogen atom of the azo-group; and that when these complexes react with a further 
molecule of the azo-compound, salt-forming chromi-acids are produced. 
o-Carboxy-o'-hydroxy-azo-compounds. Of these, only o-carboxybenzeneazo-f-naphthol 
was examined. This azo-compound, when condensed with chromic chloride in alcohol, 
gave a red chromi-chloride (X), which was probably a trihydrate but was not obtained 
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crystalline ; it contained a chloride ion and was soluble in water, the solution being deep red, 
but it occurred also in a less hydrated form insoluble in water. It was found in the 
case of copper (Drew and Landquist, Joc. cit.) that the o-carboxy-o’-hydroxy- behaved 
similarly to the 00’-dihydroxy-azo-compounds, and the same is evidently true with respect 
to chromium. 

The azosalicylic acids. The chroming of these dyes on animal fibres usually produces less 
change of shade than occurs with the foregoing types of mordant azo-dyes, but nevertheless 
the fastness is improved. With the azosalicylic acids, co-ordination of the metal with azo- 
nitrogen is not possible in a simple structure in which the atom of the metal is associated 
with the carboxy- and (or) hydroxy-group of the salicylic residue. In the only example of 
this type studied in detail, that of naphthalene-1’-azosalicylic acid, the two yellowish-brown 
chromic complexes isolated were very different in properties from those of the preceding 
azo-dyes ; one of these (XI), was soluble in alcohol and in aqueous alkalis, and was a hydrated 
acid; but the other (XII, R = a-C,)H,) was insoluble in all solvents except pyridine, 
and was a chromic salt of a tribasic Wyse It is of interest that here a tri-basic acid 
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can be produced, whereas with the preceding azo-compounds, such a substance, which could 
be formed only if the co-ordination of the metal with azo-nitrogen were broken, could not 
be isolated. With copper (see experimental part), the azosalicylic acid dyes formed 
complexes in which one azo-residue was united through the carboxy- and hydroxy-groups to 
one metallic atom, which was co-ordinated with two molecules of water or the like; for 
example, benzeneazo-o-cresotic acid formed with alcoholic cupric acetate the brown 
cupri-complex dihydrate (XIII). 

Ferric and other metallic complexes. o-Hydroxybenzeneazo-$-naphthol gave with ferric 
chloride in alcohol a crystalline greenish-black ferri-chloride (XIV), but anhydrous and with 





830 Drew and Fairbairn: Structure of the 


chlorine bound covalently to iron; it was insoluble in water. The mickel (brown) and 
zinc (red) derivatives of this azo-dye were also examined; they resembled the copper 
derivative (Drew and Landquist, Joc. cit.) in structure and general properties; they were 
co-ordinatively unsaturated, forming monopyridino-compounds (XV). 
2’-Hydroxy-5’-sulphobenzeneazo-$-naphthol and aqueous ferric chloride gave a brown 
ferri-sulphonate trihydrate (structure as V), insoluble in water. 
o-Carboxybenzeneazo-f-naphthol and ferric chloride in alcohol gave a brown ferri-acid 
complex, insoluble in water, and readily decomposed by acids and alkalis; it probably had 
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the structure (XVI). The simple ferri-complex (as X) was not isolated; but the nickel 
complex dihydrate was obtained in brown plates; probably, nickel is ionised from carboxy] 
in this substance (XVII). 

The impression left from a study of the foregoing metallic complexes of di-o-substituted 
azo-dyes is that those of tervalent chromium (usually purple) and iron (usually greenish- 
brown) are generally of similar structure ; but that, whereas the complexes of chromium are 
usually stable to mineral acids and also to alkalis, those of iron are very sensitive to acids 
and sometimes also to alkalis; the iron derivatives appear also to be more readily changed 
into the insoluble forms, owing to the ease with which they become dehydrated. There is 
less difference noticeable among the bivalent metals (copper, nickel and zinc) in these 
respects. Comparing the analogous complexes of chromium and copper, the former are 
much the more stable to mineral acids, but the position is reversed with the derivatives of 
mono-o-substituted azo-dyes ; in fact, it would seem that copper forms a stronger link with 
azo-nitrogen than does chromium, whereas the opposite may perhaps be the case when the 
strengths of the bonds formed by these metals with hydroxy] residues are compared. 
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EXPERIMENTAL 
Chromic Lakes. 

o-Hydroxybenzeneazo-B-naphthol_—(A) The azo-dye (2 g.), suspended and partly dissolved in 
boiling ethyl alcohol * (70 c.c.), was treated with a solution of chromic chloride tetrahydrate 
(1-2 g.) in warm alcohol (30 c.c.), and the mixture boiled under reflux for 12 hours. The deep 
purple-red solution was allowed to evaporate spontaneously, almost to dryness, and the solid 
(m) dried on tile (2-95 g.). Free dye was removed from this mixture by extraction with 
petroleum (b. p. 80—100°) (Soxhlet); the residual solid was extracted with ether (Soxhlet), 
dried, and again extracted with ether. In this way, two purple substances were obtained, one 
(a) soluble in alcohol but not in ether, and the other (b) soluble in both solvents. There was 
present also a small quantity of a substance (c) insoluble in boiling alcohol. An alternative 
method of isolating substance (a) was to treat the filtered aqueous solution of the solid (m) 
with 20% hydrochloric acid; (a) was slowly precipitated. 

Substance (a) was the chromi-chloride (I) in a tetrahydrated form; it was completely, though 
sparingly, soluble in cold water and contained ionised chlorine; 0-1 g. was dissolved in water 
(20 c.c.), two drops of concentrated hydrochloric acid added, followed, after filtration, by 2 c.c. 
of concentrated hydrochloric acid; bronzed purple spangles separated after 12 hours and were 


* 99% Alcohol is to be understood throughout the paper, unless otherwise stated. 
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dried in air for some weeks. Several independent preparations were analysed [Found: (1) 
C, 45°85; H, 4-55; Cr, 12:35; Cl, 8-75; loss at 200°, 16-7, 17-4; (2) C, 45-9; H, 4-65; Cr, 
12-45; (3) C, 45-25; H, 4-35; Cr, 11-95; loss at 150°, 16-0; regain in air after 17 days, 12-9. 
C,gH,,.0,N,ClCr,4H,O requires C, 45-55; H, 4:3; Cl, 8-4; Cr, 12-35; loss of 4H,O, 17-1; regain 
of 2$H,O, 12-99%]. The chromi-chloride tetrahydrate was moderately readily soluble in warm 
water (purple-red solution), readily soluble in alcohol, very sparingly soluble in ether, and 
readily soluble in pyridine and other organic bases. When a solution of the chromi-chloride 
(2 g.) in warm water (100 c.c.) was heated with oxalic acid (1-5 g.) under reflux for 2 hours, a 
purplish powder separated; extraction of the dried powder with light petroleum gave crystals 
of the unaltered azo-compound, m. p. 192—193°. The chromi-chloride gave a dipyridino- 
compound (Found: C, 61-15; H, 4-55; Cr, 9-75. C,gH,,O,N,CrCl,2C,H,N requires C, 61-45; 
H, 3-9; Cr, 10-25%), a purple powder insoluble in water but soluble in chloroform; and.also 
a similar dianilino-compound, which was not obtained pure (Found: C, 57-15; H, 5-6; Cr, 
9-3%). When the chromi-chloride was dissolved in water and treated with ammonia, the 
chromi-hydroxide or -oxide was at once precipitated ; aqueous potassium chromate gave a similar 
result. This substance was insoluble in water, but soluble in chloroform, from which it was 
obtained as a lustrous purple glass consisting of the oxide tetrahydrate [Found, in air-dried 
material: C, 53-65; H, 4:6; Cr, 13-9. (C,gH,,O,N,Cr),0,4H,O requires C, 53-65; H, 3-9; 
Cr, 14:5%]; it was readily soluble in pyridine and in aniline, the bases partly replacing co- 
ordinated water molecules (Found, in the pyridino-compound : C, 60-85; H, 4:35; Cr, 11-95%). 

The substance (b), soluble in ether as well as in alcohol, but almost insoluble in water, was 
kept in the air for a month [Found: C, 55-0; H, 4-5; Cr, 9-5, 9-8; loss at 140—185°, 13-15; 
regain in moist air, 4-9. (C,,.H,,O,N,),Cr,,8H,O requires C, 55-7; H, 4-45; Cr, 10-05; loss of 
8H,O, 13-99%]. It was evidently a hydrated complex containing two chromium atoms to three 
azo-residues, probably (III). 

The substance (c), insoluble in boiling alcohol, was identical with (II), mentioned under (B). 

(B) The azo-dye (1 g.), dissolved in glacial acetic acid (30—90 c.c.), was mixed with a solution 
of chromic chloride tetrahydrate (0-7 g.) in hot glacial acetic acid (15 c.c.) and boiled under 
reflux (8—12 hours). A dark purple, crystalline, anhydrous precipitate separated, which was 
washed with acetic acid and alcohol; it was insoluble in water and in most organic solvents, 
including acids, but dissolved in pyridine or aqueous alkalis, yielding soluble but rather easily 
hydrolysable salts. Its analysis [Found: C, 66-55; H, 4-05; Cr, 8-85. (C,.H,,O,N,),CrH 
requires C, 66-55; H, 3-65; Cr, 9-0%] indicated that it was the acid chromi-complex (II). Its 
pyridinium salt was analysed (Found: C, 67-95; H, 445; Cr, 7-65; loss at 100°, 11-2. 
(CygH,,O,N,),Cr,C;H,N requires C, 67-7; H, 3-95; Cr, 7-95; loss of CsH,N, 12-05%]. When 
an excess of chromic chloride (1-3 g.) was used in the above preparative reaction, the 
product was the anhydrous chromi-acetate salt of (II) [Found: C, 57-7; H, 4-05; Cr, 14-55. 
{(CygH,,0,N,.),Cr}(CgH,O,),Cr requires C, 57-9; H, 3-5; Cr, 13-95%], which was a purple crys- 
talline substance, insoluble in all solvents, including organic and inorganic bases, and aqueous 
alkalis. This salt was obtained also by heating the chromi-chloride (I) in glacial acetic acid 
for 6 hours. 

2 : 2’-Dihydroxyazobenzene.—The azo-compound was condensed with chromic chloride in 
ethyl alcohol as described in the foregoing experiment (A) and the solid product obtained after 
spontaneous evaporation was extracted with light petroleum and then with ether; the residue 
was a reddish-brown solid, which was dissolved in alcohol (filtered) and recovered; it was 
readily soluble in water, the solution being less purple in shade than in the preceding case, and 
it was not precipitable by addition of hydrochloric acid (Found: C, 38-9; H, 5-0; Cr, 14-4; 
loss at 150°, 16:3. C,,H,O,N,CrCl,4H,O requires C, 38-75; H, 4-3; Cr, 14-0; loss of 4H,O, 
19-4%). The substance, which contained ionisable chlorine, and did not become insoluble when 
dehydrated, was evidently the chromi-chloride (as 1) of the azo-compound; ammonia or potas- 
sium chromate precipitated the insoluble oxide dihydrate (Found: C, 49-55; H, 3-9; Cr, 17-95, 
17-7. C.,H,,0,N,Cr,,2H,O requires C, 49-65; H, 3-45; Cr, 17-9%). 

5’-Nitro-2'-hydroxybenzeneazo-8-naphthol.—The azo-compound (4 g.), in boiling ethyl alcohol 
(120 c.c.), was mixed with a solution of chromic chloride tetrahydrate (2-05 g.) in warm alcohol 
(80 c.c.) and boiled under reflux for 12 hours. After removal of the alcohol at room temperature 
from the filtered solution, a purple solid remained, which was drained from a little water and 
hydrochloric acid, dried in air, and ground (4-45 g.). It was then extracted (Soxhlet) with 
petroleum (b. p. 80—100°) and afterwards with ether. The residue was dissolved in alcohol, 
and recovered from the filtered solution; it consisted of the hydrated chromi-chloride of the 
azo-compound. To get a specimen for analysis, 1 g. was dissolved in 165 c.c. of hot water 
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containing 1 c.c. of concentrated hydrochloric acid, the solution filtered hot, and 16-5 c.c. of 
concentrated hydrochloric acid added; the solution slowly deposited 0-7 g. of small, lustrous, 
rhomboidal prisms, violet-red by transmitted light, of the hexahydrate (IV) (Found: C, 
38-25; H, 4:15; Cr, 10-2, 10-45; loss at 140—160°, 23-2; regain in air in 6 days, 20-55. 
C,,H,O,N,ClCr,6H,O requires C, 38-2; H, 4-2; Cr, 10-35; loss of 6H,O, 21-5; regain of 44H,O, 
20-5%). During desiccation, some hydrogen chloride was lost, and the rehydrated substance 
was not completely soluble in hot water. The hexahydrate formed the oxide, insoluble in 
water but soluble in chloroform, when treated with aqueous ammonia or potassium chromate 
(Found: C, 42-6; H, 4.2%); it was probably an octahydrate. 

The substance recovered from the ethereal extract (above) consisted of purple scales, less 
soluble in water than the hexahydrated chromi-chloride; it contained un-ionised chlorine and 
was probably the pentahydrate of the chromi-chloride (Found: C, 39-9; H, 4-15; Cr, 9-9; loss 
at 140—160°, 20-75; regain in air, 12-65. C,,H,O,N,CICr,5H,O requires C, 39-6; H, 3-9: 
Cr, 10-7; loss of 5H,O, 18-6; regain of 3} H,O, 15-95%); the rehydrated substance was almost 
insoluble in hot water. When an aqueous solution of the hexahydrate was boiled for some 
time, an insoluble substance (Found: C, 45-3; H, 3-85; Cr, 11-75%) was precipitated; this 
material, which was soluble in alcohol, was probably the dihydrate with a covalently attached 
chlorine atom. 

2’-Hydroxy-5'-sulphobenzeneazo-B-naphthol—The azo-compound (3 g.) was boiled under 
reflux with water (300 c.c.) containing anhydrous chromic sulphate (3 g.) for 8 hours, and the 
solution filtered hot from a trace of solid and kept overnight; the dark purple, bronzed needles 
(2-9 g.) that had separated were dried in air; a further crop (0-3 g.) was obtained from the 
mother-liquor. The same substance was obtained when chromic chloride was used instead of 
the sulphate, and also, though in lower yield, when potassium dichromate (made slightly acid 
with sulphuric acid) was employed; when half the proportion of chromic sulphate was used, 
the product was crystalline but less pure. The product was the hexahydvated chromi-sulphonate 
of the azo-compound (V) (Found, in two preparations: C, 38-1, 37-9; H, 4-4, 4-6; Cr, 
10-2, 10-35; loss at 140—150°, 21-55, 21-65; regain in air after 1 month, 3-6, 3-65. 
C,,H,O,N,SCr,6H,O requires C, 38-35; H, 4-2; Cr, 10-4; loss of 6H,O, 21-55; regain of 1H,O, 
4-6%); it was fairly readily soluble in water and in alcohol, but insoluble in ether or chloroform. 
On desiccation, even when heat was not used, the substance was transformed into smaller 
crystals which were insoluble in all solvents, including organic bases and aqueous alkalis, and it 
could not again be restored to the soluble state (Found for the desiccated but not rehydrated 
substance: C, 48-7; H, 2-35; Cr, 13-4. C,,H,O;N,SCr requires C, 48-85; H, 2-3; Cr, 13-25%. 
The rehydrated substance gave C, 46-4; H, 2-95; Cr, 12-5%, indicating a gain of over }H,O). 
The hexahydrated chromi-sulphonate gave a purple, glassy ammonium salt when treated with 
an excess of aqueous ammonia; this was extremely soluble in water and was markedly saltatory 
when desiccated and exposed to air, the particles continuing to jump for some time; its ammonia 
was easily expelled by means of aqueous sodium hydroxide or by neutralisation with 
acids [Found for a specimen dried over calcium chloride: C, 396; H, 4:2; Cr, 10-45. 
(C,,H,O,;N,S-CrOH)NH,,3H,O requires C, 39-85; H, 4:15; Cr, 108%]. When the ammonium 
salt was heated at 150°, it did not become transformed into an insoluble material. Evaporated 
at room temperature with pyridine, it gave a complex pyridine salt (Found : C, 50-85; H, 3-95; 
Cr, 8-45; loss at 150°, 12-05%). 

When less water (150 c.c.) and a greater proportion of chromium sulphate (4-2 g.) were used 
in the above condensation with the azo-compound (3 g.), much insoluble amorphous material 
was precipitated as a purplish powder (about 4 g.), and the yield of crystals of the hexahydrate 
from the filtrate was diminished (1 g.). The amorphous material had the composition of a 
tetvahydvate of the foregoing chromi-sulphonate (Found: C, 41-8; H, 3-75; Cr, 11-4; loss at 
140—170°, 13-55; regain in air after 1 month, 16-45. C,,H,O,;N,SCr,4H,O requires C, 41-3; 
H, 3-65; Cr, 11-2; loss of 3}H,O, 13-55; regain of 4H,O, 17-°9%). The desiccated and re- 
hydrated substance was moderately readily soluble in boiling water and readily soluble in 
aqueous ammonia, and was therefore not the same as the desiccated and rehydrated hexa- 
hydrate, as is shown also by the large regain of moisture on exposure to air. It was clear that 
the tetrahydrate was a polymerised substance, probably depolymerising to the chromi-oxide of 
the sulphonic acid, which then became rehydrated. The tetrahydrate was likewise depoly- 
merised on boiling with aqueous ammonia, giving a solution of the same ammonium salt (above) 
as the hexahydrate. 

In all cases, especially when the azo-compound was used in excess, the aqueous mother- 
liquor from the hexahydrate contained a more complex substance with two azo-residues to one 
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chromium atom; this was shown to be formed also on condensing the above hexahydrate 
(1-4 g.), dissolved in n-sodium hydroxide (15 c.c.), with the sodium salt of the azo-compound 
(1:2 g.) in water (15 c.c.); after being boiled for 30 minutes, the solution was treated with 
5n-hydrochloric acid (14 c.c.) and kept, purple-black crystals (1-85 g.) separating (VI). This 
was dissolved in cold water (80 c.c.), and the filtered solution slowly treated with concentrated 
hydrochloric acid (25 c.c.); the precipitate obtained was ground and air-dried on tile 
(14 days) (Found: C, 42-9; H, 4-5; Cr, 5-5; loss at 140—150°, 17-45; regain in air, 15-15. 
CygH,,0;9N,S,Cr,9H,O requires C, 42-7; H, 4:35; Cr, 5-8; loss of 9H,O, 18-0%). The desic- 
cated and rehydrated substance was still readily soluble in water; it formed a sparingly soluble 
di- and a tri-sodium salt. 

In the same way, the hexahydrate (0-5 g.) combined with 5’-nitro-2’-hydroxybenzeneazo-f- 
naphthol (0-38 g.), in presence of water (50 c.c.) and n-sodium hydroxide (5 c.c.); the boiled 
liquid, acidified with hydrochloric acid, gave a bronzed bluish-black substance of analogous 
composition (VII) (Found for a sample reprecipitated from water by means of hydrochloric acid 
and exposed to air: C, 44-8; H, 4:45; Cr, 6:35. C,,H,,O,N,SCr,9H,O requires C, 44-45; H, 
4-4; Cr, 6-0%), together with a purplish-black substance, insoluble in water, which was probably 
the chromi-azo-sulphonic acid salt (as III) of the acid complex (VII) (Found: C, 42-6; H, 
4:6; Cr, 8-15. CgHO,,N,S,Cr,,14H,O requires C, 42:75; H, 4-25; Cr, 7-7%). 

4'-Hydroxy-m-tolueneazo-8-naphthol-6-sulphonic Acid.—The following methods of condensa- 
tion gave appreciably different results: (1) The azo-compound (3 g., containing a little of the 
sodium salt) in water (300 c.c.) was heated under reflux with anhydrous chromic sulphate (3 g.) 
for 6 hours; the initially formed precipitate seemed gradually to dissolve, the liquid becoming 
deep purple, but a new dark precipitate slowly formed. This was collected and dried in air 
(1-4 g.); it was an amorphous powder (Found : Cr, 3-6%), soluble in hot aqueous ammonia and 
reprecipitated unchanged by mineral acid; it did not form the same ammonium salt as the 
following complex (contrast the corresponding amorphous precipitate formed in the case of the 
preceding azo-sulphonic acid), and had no affinity for fibres; its composition was not determined. 
The purple aqueous filtrate gave only 0-15 g. of crystalline powder on standing, but, on addition 
of sodium chloride, thin, lustrous, purple plates were slowly deposited (0-4 g., dried in air) ; 
this complex, which was soluble in water to a purple solution and readily formed soluble alkali 
salts, was the nonahydrate of the chromi-sulphonate (VIII) (Found: C, 35°65; H, 5-0; Cr, 9-0, 
9-05; loss at 140—150°, 24-7; regain in air in 2 days, 18-15. C,,H,,O,N,SCr,9H,O requires 
C, 36-85; H, 5-1; Cr, 9-15; loss of 8H,O, 25-3; regain of 44H,O, 19-0%). The desiccated and 
rehydrated material was still crystalline and soluble in water, showing that polymerisation did not 
occur in this case (contrast that of the chromi-sulphonate of the foregoing azo-compound). When 
only 1-3 g. of chromic sulphate was used in the above condensation, a similar result was obtained, 

(2) The azo-compound (8-8 g.) in ethyl alcohol (250 c.c.) was mixed with chromic chloride 
tetrahydrate (4-5 g.) in ethyl alcohol (150 c.c.), the mixture boiled under reflux for 6} hours, and 
the violet-blue liquid filtered from a black powder (0-17 g.) and a little sodium chloride; alcohol 
(250 c.c.) was distilled from the filtrate, and the remainder allowed to evaporate in air, leaving 
the chromium complex as a crystalline mass. This was drained, ground, and air-dried (8-7 g.) ; 
it was identical with the foregoing nonahydrated chromi-sulphonate. 

2'-Hydroxy-4'-sulphonaphthalene-1' : 4-azo-1-phenyl - 3 - methylpyrazol - 5 - one.—Condensation 
between the azo-compound and chromic sulphate in water proceeded only to a small extent on 
prolonged boiling, but condensation with chromic chloride in alcohol was favourable: The 
azo-compound (6-4 g., not quite free from the sodium salt) was suspended and partly dissolved 
in boiling ethyl alcohol (320 c.c.), a solution of chromic chloride tetrahydrate (3-47 g.) in ethyl 
alcohol (100 c.c.) added, and the mixture boiled under reflux for 8 hours. The solid dissolved 
slowly to a rich deep-red solution, which was filtered hot from sodium chloride (0-46 g.) and 
distilled (260 c.c. of alcohol recovered). The residual liquid, after 1 day, was filtered from a dark 
red, crystalline powder (0-65 g.), apparently the sodium salt of the following complex, and 
allowed to evaporate; the residue was drained, ground, washed with cold water (30 c.c.), and 
extracted with two portions (500 c.c. each) of boiling water. The air-dried chromi-sulphonate 
(5-9 g.) (IX) was very sparingly soluble in water, but rather more soluble in dilute mineral 
acids and readily soluble in aqueous ammonia or alkalis, forming salts (Found: C, 41-6; H, 
4:5; Cr, 9-3; loss at 140—170°, 14-25; regain in air in 10 days, 10-35. C,9H,,0,N,SCr,5$H,O 
requires C, 41-95; H, 4-2; Cr, 9-1; loss of 44H,O, 14-15; regain of 3H,O, 110%). The desic- 
cated and rehydrated material was less soluble in water than the original. 


0-Carboxybenzeneazo-B-naphthol.—The azo-compound (0-5 g.) was boiled under reflux with 
chromic chloride tetrahydrate (1 g.) in ethyl alcohol (100 c.c.) for 12 hours, and the liquid 
31 
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allowed to evaporate to dryness; the residue was washed with 10% hydrochloric acid and 
dried over solid sodium hydroxide. It consisted of a mixture of water-soluble and -insoluble 
chromi-complexes (probably different hydrates of the same complex) ; to isolate the former, the 
mixture was shaken with water, the filtered solution allowed to evaporate to dryness, and the 
dark red residue (X) washed with a little water and dried over calcium chloride (Found : C, 48-4; 
H, 4:35; Cr, 12-5; loss at 130°, 11-1. C,,H,sO,N,ClCr,2$H,O requires C, 48-3; H, 3-6; Cr, 12-3; 
loss of 2}H,O, 10-65%), but it was doubtful whether a definite hydrate had been isolated. It 
readily lost water, being transformed into an insoluble chromi-chloride. The deep carmine-red 
aqueous solution of the soluble chromi-chloride contained ionised chlorine; on boiling, hydrolysis 
to the reddish-purple oxide tetrahydrate took place, with precipitation (Found for a specimen 
dried over calcium chloride: C, 52-9; H, 4:3; Cr, 13-4. C3,H,,0,N,Cr,,4H,O requires C, 52-85; 
H, 3-7; Cr, 13-56%). Aqueous ammonia or potassium chromate likewise gave the oxide. 

Naphthalene-1'-azosalicylic Acid.—The sodium salt of the azo-compound (1 g.) in boiling 
water (150 c.c.) was mixed with chromic chloride tetrahydrate (0-7 g.) dissolved in water (50 c.c.) ; 
a yellow precipitate formed at once. The mixture was boiled under reflux for 4 hours, and the 
liquid filtered hot from the precipitate (0-75 g.), which was now olive-brown. The dried, ground 
substance was extracted (Soxhlet) with benzene, and the residue with ethyl alcohol. The 
alcoholic extract, on evaporation, left a pale greenish-brown powder (substance a). The residue 
from the alcoholic extraction was a yellow powder, which was dissolved in chloroform, and the 
filtered solution evaporated, leaving a lustrous, black, glassy material (0-3 g.), powdering to 
yellowish-brown, but red by transmitted light; this material (XII) was insoluble in water, 
dilute mineral acids, alkalis, aqueous ammonia, or alcohol, but soluble in pyridine (deep orange- 
yellow solutions) (Found: C, 55-45; H, 4-6; Cr, 9-75, 9-9, 10-05; loss at 120°, 8-25; regain in 
air, 4:2. Cs,H3;,0,N,Cr,,7H,O requires C, 55-6; H, 4-0; Cr, 9-45; loss of 5H,O, 8-2; regain 
of 2}H,O, 4.45%). The substance (a) (XI) was soluble in cold alcohol (golden-yellow solution) 
and in aqueous alkalis (Found for the air-dried substance : C, 57-35; H, 4-7; Cr, 6-5; loss at 140°, 
10-45; regain in air, 3-15. C,,H,,O,N,Cr,4}H,O requires C, 57-15; H, 4-2; Cr, 7-3; loss of 4H,O, 
10-1; regain of 1H,O, 2-8%). 

Ferric Lakes. 

o-Carboxybenzeneazo-8-naphthol (1 g.) in ethyl alcohol (300 c.c.) was mixed with ferric 
chloride dihydrate (1 g.) in alcohol (50 c.c.) and boiled for 5 minutes; when the brownish- 
green solution was poured into water, a dark brown solid was precipitated (filtrate, dark green). 
The dried solid (XVI) was insoluble in water, but soluble in chloroform (Found: C, 60-95; H, 
3-75; Fe, 8-7. [(C,7HygO3,N,),.Fe]H,2H,O requires C, 60-65; H, 3-75; Fe, 83%). An alcoholic 
solution of the complex was readily decomposed on being warmed with alkalis or with strong 
acids, alkalis removing one molecule of dye. The simpler complex (as X) was probably present in 
the green filtrate (above), but it could not be isolated owing to its sensitiveness to acids and alkalis. 

p-Carboxybenzeneazo-f-naphthol in pyridine—alcohol (1:3) gave with ferric chloride a light 
red precipitate of a simple basic ferric salt, which was reprecipitated from pyridine with water 
and dried in a vacuum [Found: N, 7-85; Fe, 14-55. (C,,H,,0,;N,)Fe(OH), requires N, 7-35; 
Fe, 14:7%]. 

o-Hydroxybenzeneazo-f-naphthol (1 g.) and ferric chloride dihydrate (1 g.) in alcohol gave, 
after removal of most of the alcohol by boiling, lustrous greenish-black crystals (brownish 
streak) of a ferri-chloride (XIV), insoluble in water (Found for a sample dried in a vacuum : 
C, 64-2; H, 3-5; Cl, 10-0; Fe, 15°55. C,,H,,O,N,ClFe requires C, 54-35; H, 2-9; Cl, 10-05; 
Fe, 15:75%); the greenish-yellow solution in alcohol gave no reaction for ionised chlorine. 
When the complex was dissolved in pyridine, and the solution mixed with water, a greenish- 
black pyridine complex of the ferri-hydroxide was obtained [Found : C, 61-05; H, 4-5; N, 9-85; 
Fe, 13-4. (C,gH,,0O,N,)Fe-OH,C,H,N requires C, 60-9; H, 3-85; N, 10-15; Fe, 13-5%]. 

2’-Hydroxy-5’-sulphobenzeneazo-$-naphthol, boiled with aqueous ferric chloride for 12 
hours, gave a micro-crystalline, dark brown ferric complex (structure as V) with greenish reflex, 
which was insoluble in water or chloroform but soluble in aqueous alkalis to reddish-black 
solutions (Found: C, 42-95; H, 3-65; Fe, 12-1. C,,H,O;N,SFe,3H,O requires C, 42-6; H, 
3-35; Fe, 12-4%); it was readily decomposed by dilute mineral acids. 


Other Lakes and Simple Salis. 

Chromic p-carboxybenzeneazo-B-naphthol was obtained, from an aqueous solution of the sodium 
salt of the dye (1 g.) and chrome alum (0-57 g.), as a bright red powder [Found: C, 62-15; H, 
4-05; N, 8-9; Cr, 5-7. (C,,H,,0,N,),Cr,3H,O requires C, 62-5; H, 4-0; N, 8-55; Cr, 53%]. 
Warming with aqueous ammonia eliminated the chromium atom as hydroxide. 
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Copper Compounds of p-Carboxybenzeneazo-B-naphthol.—The simple copper salt was obtained 
from aqueous cupric chloride and the sodium salt of the dye as a red-brown powder, with green 
reflex [Found for a sample dried at 110° : Cu, 9-85. (C,,H,,0,;N,),Cu requires Cu, 9-9%]; it was 
insoluble in most solvents, but aqueous ammonia dissolved it, with conversion into the ammonium 
salt of the following inner-complex copper derivative. 

Cupric cupri-p-carboxybenzeneazo-B-naphthol. Addition of copper sulphate (1-25 g.) in 
aqueous ammonia to a solution of the azo-compound (1-5 g.) in aqueous ammonia produced a 
deep brown precipitate, which was filtered off after } hour at 100° [Found for a sample dried 
over calcium chloride : N, 8-4; Cu, 15-35; loss at 150°, 15-25. {(C,,H,,0,N,),Cu}Cu,NH;,6H,O 
requires N, 8-45; Cu, 15-3; loss, 15-0%]. Unlike the simple copper salt (above), it was 
readily soluble in hot pyridine. When desiccated as above and then exposed to air, it regained 
5H,O in less than 2 hours [Found for the rehydrated substance: C, 51-3; H, 4-8; Cu, 16-25. 
{(Cy7HgO3N,),Cu}Cu,5H,O requires C, 51-2; H, 3-75; Cu, 15-95%]. The dipyridino-complex 
was obtained in brown needles from cupric acetate (0-34 g.) and the azo-compound (0-5 g.) in 
alcohol—pyridine [Found : C, 61-45; H, 4:1; N, 10-05; Cu, 15-0. {(C,,H,)O,N,),Cu}Cu,2C,H,N 
requires C, 61-05; H, 3-5; N, 9-7; Cu, 14:7%]. The same substance was obtained by dis- 
solving the above pentahydrated complex in pyridine. 

The nickel complex of o-hydroxybenzeneazo-8-naphthol was formed on heating to boiling a 
solution of nickel acetate and the azo-compound in alcohol; it was a brown powder, insoluble in 
water or alcohol (Found: C, 59-85; H, 3-65; Ni, 18-45. (C,,H,,O,N,Ni requires C, 59-9; 
H, 3-15; Ni, 18-35%). When dissolved in pyridine, it formed a brown pyridino-complex (XV), 
isolated by addition of a little alcohol and pouring into water (Found: C, 62-85; H, 3-45. 
C,,.H,,0O,N,Ni,C;H,;N requires C, 63-1; H, 3-75%). 

The zinc complex of the same azo-compound was similarly obtained; it was a red powder, 
insoluble in water but soluble in pyridine (rose-coloured solution) with formation of the pyridine 
complex (Found: C, 62-2; H, 4:1; N, 10-8. C,,H,,O,N,Zn,C,H;N requires C, 62-25; 
H, 3-7; N, 10-35%). 

The nickel complex (XVII) of o-carboxybenzeneazo-f$-naphthol was prepared from the azo- 
compound (1 g.) in alcohol (500 c.c.) and nickel acetate (1 g.), the solution (purple-brown) being 
boiled for a few minutes and then poured into an excess of water; lustrous brown plates, with 
golden-green reflex, separated (Found: C, 53-4; H,42; Ni, 144. C,,H,,O,;N,Ni,2H,O 
requires C, 53-3; H, 3-65; Ni, 15-25%); the water was removed on drying at 110° (Found : 
Ni, 17-1. C,,H,,O,;N,Ni requires Ni, 16-85%). Solution of the dihydrate in pyridine and 
evaporation over sulphuric acid gave a dipyridino-compound (Found for a sample dried over 
calcium chloride: C, 63-05; H, 4:45; N, 11-45; Ni, 11-65. C,,H,O,;N,Ni,2C,H;N requires 
C, 63-95; H, 3-95; N, 11-05; Ni, 116%). Only the simple nickel salt (red) was obtained from 
the sodium salt of the azo-dye and aqueous nickel sulphate in the cold, but the complex salt was 
produced on boiling. 

Zinc acetate and the azo-dye in alcohol gave a scarlet simple salt [Found: Zn, 10-25. 
(C,,H,,O,N,),Zn requires Zn, 10-1%]. 

The copper complex of benzeneazosalicylic acid (from alcoholic copper acetate and the azo- 
dye) was red-brown (Found: Cu, 18-75; loss at 150°, 8-7. C,;H,O,;N,Cu,2H,O requires Cu, 
18-7; loss of 2H,O, 10-6%). When prepared from ammoniacal copper sulphate, the complex 
was green ;. it retained 2 mols. of ammonia when dried over calcium chloride (Found: C, 45-15; 
H, 4:3; N, 15-65; Cu, 17-55%). 

Alcoholic nickel acetate and the azo-dye gave a brilliant yellow simple nickel salt [Found : 
Ni, 10-4. (C,,;H,O,N,),Ni,2H,O requires Ni, 10-2%], together with a less soluble brown sub- 
stance which appeared to be a mixture of complexes. 

Benzeneazo-o-cresotic acid behaved like the foregoing azo-compound, giving with alcoholic 
copper acetate a deep brown copper complex (XIII) (Found: C, 47-6; H, 3-55; Cu, 17-75. 
C,,H,,O,N,Cu,2H,O requires C, 47-5; H, 3-95; Cu, 17-95%), whereas cuprammonium sulphate 
gave pale green needles of the diammino-compound (Found: C, 46-8; H, 5-5; Cu, 17-05%), 
which, when crystallised from pyridine, was converted into a dipyridino-compound (Found : 
C, 59-95; H, 3-65. C,,H,,O,;N,Cu,2C;H,N requires C, 60-55; H, 4:2%). 


We are indebted to the Department of Scientific and Industrial Research for a maintenance 
grant to one of us (R. E. F.), to the Chemical Society for a research grant, and to Imperial 
Chemical Industries Limited for supplying a number of azo-dyes. 


QuEEN Mary CoLLeGce (UNIVERSITY oF LONDON). [Received, March 14th, 1939.] 
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477. Chemiluminescent Organic Compounds. Part VII. Substituted 
Phthalaz-1 : 4-diones. Effect of Substituents on the Luminescent Power. 


By H. D. K. Drew and R. F. GARwoop. 


Several naphthalazdiones have been prepared, and their luminescent powers 
compared with those of corresponding phthalazdiones. The effects of substituents 
are in a similar sense in the two series; but the latter series is the more luminescent, 
except as regards the parent compounds, 6-Methylphthalazdione and some halo- 
genated phthalazdiones have also been prepared and examined. The first presents 
an anomaly in luminescent power. 


OBSERVATIONS on a number of new diones tend to confirm the conclusion of Drew and 
Pearman (J., 1937, 586) that substitution of negative groups (e.g., NH,, OH, Cl) in the 
phenyl group of phthalaz-1 : 4-dione, especially in the positions near to the hydrazide ring, 
increases the luminescent power, whereas that of positive groups (e.g., NO,) has an opposite 
or at least a much weaker effect. For instance, with hemoglobin as catalyst, the following 
substances are arranged in order of decreasing luminescent power at laboratory temper- 
ature: 5-aminophthalazdione (III, R = NH,), 6-amino-68-naphthalazdione (I, R = NH,), 
a8-naphthalazdione (Il), ®B-naphthalazdione (I, R=H), phthalazdione (III, R = H), 
5-nitrophthalazdione (III, R = NO,), and 6-nitro-68-naphthalazdione (I, R = NO,). 
OC NH R CO 


ee 
NH NH NH 
I. s III. 
~ OOM O OS , 
O 0 


It is seen that substitution of a benzo-group for two hydrogen atoms of phthalazdione 
increases the luminescent power, especially when the 5: 6-hydrogen atoms are those 
substituted; and that the further substitution of an amino-group in the benzo-group 
increases, whereas that of a nitro-group decreases, the luminescent power. The substituted 
naphthalene derivatives, so far as they have been studied, appear to be inferior to the 
benzene derivatives from the point of view of luminescence. Since the reverse is true of 
the parent compounds, it is clear that the enhancing effect of a 6-amino-group in the 
naphthalene series is less than that of a 5-amino-group in the benzene series; though 
the depressant effect of a nitro-group (similarly situated) appears to be greater in the 
naphthalene than in the benzene series. 

5-Methylphthalazdione (III, R = CH) has, however, a lower luminescent power than 
phthalazdione itself, and, since the methyl group is more negative than hydrogen, this 
effect is anomalous. The explanation must await the collection of fresh data on the 
effect of alkyl substituents. 

Three new halogenated diones were compared with phthalazdione, the luminescent power 
being found in the following order of decreasing magnitude: 5-bromophthalaadione (III, 
R = Br), 6-bromophthalazdione, 6-iodophthalazdione, and phthalazdione. Here there is no 
exception to the rules previously deduced (Joc. cit.), the halogens acting as negative groups. 
The additional information tends to show that the lighter the halogen, the more its presence 
enhances the luminescent power. The results with the 6-bromo- and -iodo-diones, when 
compared with that with 6: 7-dichlorophthalazdione (which has a lower luminescent 
power than phthalazdione itself), suggest that the introduction of a second halogen in the 
7-position probably depresses the luminescent power of a 6-halogenophthalazdione. 

So far, no exception has been found to the rule that all compounds containing an 
unsubstituted cyclohydrazide ring attached to a benzene ring are chemiluminescent. 


EXPERIMENTAL. 


3-Bromophthalimide.—To an ice-cold mixture of water (20 c.c.) and concentrated sulphuric 
acid (3 c.c.) was gradually added a solution of 3-aminophthalimide (3-36 g.) in 5% aqueous 
sodium hydroxide (12 c.c.) which had been mixed with a solution of sodium nitrite (1-4 g.) 
in water (10 c.c.) and cooled in ice. The diazo-solution was filtered and added to a solution of 
cuprous bromide in hydrobromic acid, the mixture heated at 100°, and the 3-bromophthalimide 
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filtered off, sublimed, and recrystallised from glacial acetic acid. It formed colourless plates, 
m. p. 260°, very sparingly soluble in hot water (Found: N, 6-4. C,H,O,NBr requires N, 6-2%). 

The above method of diazotisation was applied also to 4-aminophthalimide, for the prepar- 
ation of 4-bromo- and 4-iodophthalimide. 

5-Bromophthalaz-1 : 4-dione.—3-Bromophthalimide (1 g.) was heated under reflux with 
hydrazine hydrate (4 c.c.) for 4 hour, the solution diluted with water, and the dione precipitated 
by addition of acetic acid. It formed a very sparingly soluble, nearly colourless, crystalline 
powder, m. p. 322°, soluble in alkali solution (Found: N, 12-0. C,H,O,N,Br requires N, 11-6%). 

6-Bromophthalaz-1 ; 4-dione, prepared from 4-bromophthalimide as above, formed a similar 
powder, m. p. 343° (Found: N, 11-9%). 

6-Iodophthalaz-1 : 4-dione, similarly prepared from 4-iodophthalimide (almost colourless 
plates, m. p. 233°; Edinger, J. pr. Chem., 1896, 58, 383, gives m. p. 222—-224°), was a cream- 
yellow powder, m. p. 345°, very sparingly soluble in organic solvents but soluble in alkali solution 
(Found: N, 9-65. C,H,O,N,I requires N, 9-7%). 

5-Methylphthalaz-1 : 4-dione.—3-Methylphthalonitrile (Gabriel and Thieme, Ber., 1919, 52, 
1083) was hydrolysed to 3-methylphthalic acid, and this acid or its anhydride condensed with 
hydrazine. (a) A solution of 3-methylphthalic acid (1 g.) in hydrazine hydrate (5 c.c.) was 
evaporated on a water-bath, and the residue heated gradually to 250° (} hour), cooled, and ex- 
tracted with 5% aqueous sodium hydroxide; the filtered extract, acidified with 25% aqueous 
acetic acid, gave the dione as a precipitate. (b) 3-Methylphthalic anhydride (1 g., obtained 
by sublimation of the acid) was heated under reflux with hydrazine hydrate (1 c.c.) and glacial 
acetic acid (10 c.c.) for 2 hours; the solid was filtered off and dissolved in 5% aqueous sodium 
hydroxide, and the dione obtained as before. It was a white powder, m. p. 340°, insoluble 
except in alkali solution (Found: N, 16-1. C,H,O,N, requires N, 15-9%). 

68-Naphthalaz-1 : 4-dione.—Naphthalene-2 : 3-dicarboxylic anhydride (0-2 g.), prepared 
by sublimation of the acid, was heated under reflux with hydrazine hydrate (0-3 c.c.) and 
glacial acetic acid (10 c.c.) for 1 hour, needles of the dione separating. The mixture was diluted 
with water (10 c.c.), the precipitate collected and dissolved in 5% aqueous sodium hydroxide, 
and the dione obtained as in the foregoing preparation. It formed colourless needles, m. p. 
345° (Found: C, 68-1; H, 4:2. C,,H,O,N, requires C, 67-95; H, 3:8%). The monosodium 
salt was obtained in pule yellow needles by precipitating a. hot solution of the dione in 5% 
aqueous sodium hydroxide with alcohol (Found for air-dried material: Na, 9-3. 
C,,H,O,N,Na,H,O requires Na, 9-15%). 

6-Nitro-BB-naphthalaz-1 : 4-dione.—5-Nitronaphthalene-2 : 3-dicarboxylic anhydride (Baker, 
J., 1934, 1413) (0-2 g.) was heated under reflux with hydrazine hydrate (0-3 c.c.) and glacial acetic 
acid (10 c.c.), and the product worked up as in the last preparation. The dione was a golden- 
yellow powder, unmelted at 350°; it was soluble only in alkalis (orange-red solutions) (Found : 
N, 16-5. C,,H,O,N, requires N, 16-35%). The monosodium salt was obtained, by cooling a 
solution of the dione in hot 0-2°% aqueous sodium hydroxide, as brick-red plates, sparingly soluble 
in hot water (Found: Na, 7-9. C,,H,O,N,Na,H,O requires Na, 7-75%). 

6-A mino-B8-naphthalaz-1 : 4-dione was obtained only in the crude state, but it was sufficiently 
pure to show a bright chemiluminescence. It was prepared by reducing ammonium 5-nitro- 
naphthalene-2 : 3-dicarboxylate to the 5-amino-acid by means of ferrous sulphate, transforming 
the acid into 5-acetamidonaphthalene-2 : 3-dicarboxylic anhydride by means of acetic anhydride, 
and heating the anhydride with hydrazine hydrate and acetic acid, followed by hydrolysis 
of the acetyl group with 5% aqueous sodium hydroxide at 100°, It formed a pale brownish 
powder, m. p. 320° (decomp.), very sparingly soluble in organic solvents but soluble in alkali 
solution (Found: N, 16-9. C,,H,O,N;,H,O requires N, 17-15%). The amount of material 
was too small, however, to allow it to be shown whether this substance was in reality a 
monohydrate. 

«a8-Naphthalaz-1 : 4-dione.—Naphthalene-1 : 2-dicarboxylic acid (Bradbrook and Linstead, 
J., 1936, 1739) was converted into the anhydride by sublimation. The anhydride (1 g.) was 
boiled under reflux (} hour) with hydrazine hydrate (0-6 c.c.) and glacial acetic acid (20 c.c.). 
The precipitated dione was filtered off and purified as in the previous cases. It was a colourless 
powder, unmelted at 360°, and insoluble except in alkalis (yellow solutions) (Found: N, 13-2. 
C,,H,O,N, requires N, 13-2%). The sodium salt formed pale yellow plates. 


We thank the Department of Scientific and Industrial Research and the Chemical Society 


for grants. 
QuEEN Mary CoLLeGE (University oF Lonpon). (Received, March 14th, 1939.] 
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178. Mechanism of Hydrolysis of Carboxylic Esters and of Esterification 
of Carboxylic Acids. Acid Hydrolysis of an Ester with Heavy Oxygen 
as“Isotopic Indicator. 


By S. C. Datta, J. N. E. Day, and C. K. INGOLD. 


The standard mechanisms for the alkaline and the acid hydrolysis of carboxylic 
esters are set forth (I, II, and III, see text). All have now been established by methods 
dependent on optical activity, on the principle of mesomerism, and on the principle 
of the chemical identity of isotopes. The final items of this evidence are furnished by 
observations in this and the following paper. It is shown in this paper that in the acid 
hydrolysis of methyl hydrogen succinate in heavy-oxygen water, the oxygen atom 
passes into the acidic, and not into the alcoholic, hydrolysis product. 


THE experiments here reported are complementary to those of several other workers in a 
field which must be reviewed as a whole for the sake of perspective. The subject falls into 
three parts. 

(i) Alkaline Hydrolysis.—This case is treated first because, from our present point of 
view, it is simple theoretically and complete experimentally. Modern views on reaction 
mechanism provide only one mechanism for the hydrolysis of carboxylic esters by hydr- 
oxide ions in water : 


O QO- O 

natal ee saa e 

R + OH =—R OH —>R + OR™ (slow 

~\or ‘OR ~*~ on mPa eg 
OR-+ H,O—> HOR + OH™ (fast) 


This mechanism implies fission of the original ester molecule in the position R’-CO;—OR 
with separation of OR, rather than according tothe alternative R’-CO-O—:R with separation 
of R. 

Three proofs have been given that the molecule does really divide in this way. (1) 
The first uses a form of R which is asymmetric at the point of attachment, and assumes 
that, if liberated, R would not preserve its configuration; which it does in fact preserve 
during hydrolysis (Holmberg, Ber., 1912, 45, 2997). (2) The second selects a form of R, 
which, if liberated, would exhibit mesomerism and ultimately yield an isomeric alcohol; 
which is not in fact produced in hydrolysis (Prévost, Ann. Chim., 1928, 10, 147; Ingold and 
Ingold, J., 1932, 758). (3) The third uses water whose oxygen is distinguishable by the 
presence of an enhanced proportion of the heavier isotopes; and shows that oxygen from 
this source does not enter into the alcohol, and hence must enter into the acid, formed by 
hydrolysis (Polanyi and Szabo, Trans. Faraday Soc., 1934, 30, 508). Probably nobody 
would deny the assumptions underlying methods (1) and (2) (especially 2); but method 
(3) involves no assumptions, and therefore affords the most self-contained proof. 

(ii) Acid Hydrolysis—Unlike the case of alkaline hydrolysis, our modern views of 
reaction mechanism do not uniquely point out the course pursued by acid hydrolysis : 
they suggest three possible alternatives. As these have been set down in a previous paper 
(Ingold and Ingold, J., 1932, 756),* it is necessary to mention here only the alternative 
which we now know, on experimental grounds, to be the correct one (called “‘ C ”’ in the 
paper cited) : 


0 O , 
R'—c@ +H om RCE —> R’—C=0 + HOR (slow) 
OR OHR* ‘or 


O O 
R'—C=0 + H,O—> R—-C_ = RCH 4 HS (fast) 
\\OH,* H 
* This paper also contains a brief history of the older theories of ester hydrolysis. 


+ We do not know to what extent the two written stages are separated in time, and envisage all 
possibilities from complete separation to simultaneity. For simplicity one extreme only is formulated. 
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This is the only one of the three theoretically indicated mechanisms which involves fission in 
the sense of the formula R’-CO/—OR, rather than according to the alternative R’*CO-O—R. 

The reason why mechanism (II) is known to be correct is that an application of methods 
(1) and (2) has shown that fission of the ester molecule proceeds in the required manner 
(Holmberg, Joc. cit.; Ingold and Ingold, loc. cit.). However, it seemed desirable, in view 
of the importance of the subject and because abstract theory helps here so little, to provide 
also a self-contained proof of the Polanyi-Szabo type, and therefore we have applied 
method (3). We show that isotopically-distinguished oxygen from the solvent does not 
appear in the alcohol, and therefore must enter into the acid, produced by the acid 
hydrolysis of an ester. Therefore mechanism (II) may now be said to have an experimental 
basis as substantial as that of mechanism (I). 

(iii) Acid-catalysed Esterification.—Part of the importance of establishing the correct 
mechanism for acid hydrolysis is that by reversing it one obtains a mechanism of acid- 
catalysed esterification. Thus, if we accept (II), the mechanism of esterification should 
be (III) : 


O O 
, V4 —s 4 VA 4 a 
R te, +H+=R > R-=0 + H,0 (slow) 


(III.)t 
R’—C=0 + HOR —> R'—c¢ ‘ — R'—C¢ , 4+ H+ (fast) 
~~ our: ~‘~or 


This is distinguished from the other possible mechanisms in that oxygen from the acid, 
and not from the alcohol, appears in the formed water; 1.¢e., we have 


An experiment establishing this by method (1) is described in the following paper. 
Method (2) was applied incidentally in the experiments of Ingold and Ingold, since one 
cannot carry an acid hydrolysis almost to equilibrium without much accompanying esterific- 
ation, and esterification by a mechanism liberating R would have confused what was 
actually a simple result. A self-contained proof by method (3) has recently been furnished 
by Roberts and Urey (J. Amer. Chem. Soc., 1938, 60, 2391). Using an ordinary acid and 
an alcohol with an enhanced proportion of the heavier oxygen isotopes, they showed that 
it is the acid, and not the alcohol, which provides the oxygen of the eliminated water. 
Thus all three divisions of the subject now have an equally satisfactory experimental basis. 


EXPERIMENTAL. 


Acid Hydrolysis of Methyl Hydrogen Succinate in Heavy-oxygen Water.—Heavy water 
obtained from Professor H. E. Watson’s still was electrolysed in a divided cell, the heavy 
hydrogen being discarded and the heavy oxygen combined with ordinary hydrogen (cf. Datta, 
Day, and Ingold, J., 1937, 1968). From the heavy-oxygen water thus produced and dry 
hydrogen chloride, dilute solutions of hydrochloric acid were prepared, with which to carry out 
the hydrolyses. 

Methyl hydrogen succinate was chosen as the ester because it is easily soluble in water: a 
concentrated hydrolysis solution is desirable to facilitate the isolation of satisfactory quantities 
of methyl alcohol. Hydrolysis was effected by heating the solutions to 100° for 24 hours. The 
isolated and fully rectified methyl alcohol, dried finally with sodium, was reduced to water by 
Russell and Fulton’s method (Ind. Eng. Chem., Anal., 1933, 5, 384), and the density of this 
water was determined. 

Oxygen isotopic compositions are expressed in parts per million (p.p.m.) of excess density of 
water prepared from the oxygen and normal hydrogen, corrections being applied for the small 
departures from normality of the cylinder hydrogen actually employed. Densities were 
determined pyknometrically. For the water derived from the methyl alcohol a rather small 
pyknometer (0-39 c.c.) was employed, and hence the error of measurement (3 p.p.m.) is greater 
than usual. 

Of course the experiments might have failed in their object if water and methyl alcohol had 
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exchanged their oxygen under the conditions employed; but the results themselves (see Table) 
show that this does not occur (cf. also Roberts, J. Chem. Physics, 1938, 6, 294). 


Weights (g.) of reagents. Excess density (p.p.m.) of water. 





_ . Concn. of - . 
Expt. No. HCI soln. Ester. HCI (ny). Original. From MeOH. 
1 25-61 15-30 0-5610 +242 +17 * 
oa 21-64 15-89 0-1843 +242 + 2 
3 22-18 13-05 0-3044 +307 +1 


* This result is due to incomplete drying of the methyl alcohol, a defect corrected in the two later 
experiments; but unsatisfactory as Expt. 1 is technically, it proves the point and is therefore included. 


Koizumi and Titani (Bull. Chem. Soc. Japan, 1938, 18, 463, 607) have shown that succinic 
acid and water exchange their oxygen at 130°. If this reaction were to take place completely 
under the conditions of our experiments (100° with added hydrion) it would make the difference 
that we should take the average density of the solvent water, and not its original density, for 
comparison with the density of the water derived by reduction of the methyl alcohol. Thus, 
in place of the figures in the second column from the right, we should tabulate the average excess 
densities +212, +208, +270 p.p.m. for the three experiments taken in order, This, of course, 
makes no difference to the conclusions. 
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179. Ancillary Mechanisms in the Hydrolysis and Esterification of 
Carboxylic Esters. 


By E. D. Hucues, C. K. INGoLpD, and S. MASTERMAN. 


Ancillary mechanisms of hydrolysis (IV and VII, see text) and esterification (V 
and VI) are considered. Mechanisms (V) and (VI) are respectively related as the 
bimolecular and unimolecular forms of substitution, as also are mechanisms (IV) and 
(VII). It is shown that mechanisms (IV) and (VI) have some applicability. Mech- 
anism (V), due to Kenner, was not detected. 


THE preceding paper sets out what may be termed the standard mechanisms for hydrolysis 
and esterification, and in the case of hydrolysis there are two, one for the alkali-, and one for 
the acid-catalysed reaction. 

There is evidence of a third (comparatively unimportant) mechanism applying to 
hydrolysis of carboxylic esters in nearly neutral solution. It may be written 


R’-CO-OR + OH, —> R"-CO-O- + R-OH,* } (Iv.) 
R-OH,* —> R:OH + Ht 

Since the first stage is a bimolecular substitution, this mechanism is characterised by the 

circumstance that, if R is asymmetric at the point of attachment, hydrolysis will be 

accompanied by an inversion of configuration. 

The existence and characteristics of this form of hydrolysis were pointed out by Cowdrey, 
Hughes, Ingold, Masterman, and Scott (J., 1937, 1263) in a discussion of the hydrolysis 
of malolactonic acid; and what they wrote has since been confirmed in detail by Olson 
and Miller’s very thorough investigation of the simpler case of 8-butyrolactone (J. Amer. 
Chem. Soc., 1938, 60, 2687). However, known results in the kinetics of the hydrolysis of 
esters generally make it clear that this mechanism will contribute very little to the rate 
of hydrolysis of ordinary esters under ordinary conditions, and it is probably significant 
that the only two esters for which (under carefully chosen conditions) it makes a dominating 
contribution to the rate are both relatively labile B-lactones. 

Turning to esterification, a mechanism which is the inverse of (IV) has been suggested 
by Kenner for esterification of carboxylic acids (Nature, 1932, 180, 309) : 


R-OH + H* —> R-OH,* 1 ws 
R-CO-0- + R-OH,* —> RCO-0-R + OH, 
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He also pointed out its most easily distinguished characteristic, viz., that if R is asymmetric 
at the point of attachment, then the configuration of R should be inverted as a result of 
esterification. 

Certainly this mechanism cannot be accepted with the implied degree of generality, 
because it does not fulfil the obvious requirements of the ordinary acid-catalysed reaction,* 
However, further consideration may be given to esterification under special conditions, 
and analogy with the conditions under which mechanism (IV) has been realised suggests 
that mechanism (V) might reasonably be sought in esterification by the so-called “ direct ”’ 
method, i.¢., when the only acid present is the carboxylic acid which is being esterified ; 
for then the esterification solution is as nearly neutral as it can be. The usual view is, of 
course, that “‘ direct ’’ esterification is the autocatalytic special case of the acid-catalysed 
reaction; and if this is true the configuration of an asymmetric R should be retained on 
esterification. 

We have tested this matter, treating, however, only the ordinary ester B-n-octyl acetate, 
and nothing less typical, such as a lactone. By direct esterification of B-n-octyl alcohol 
with acetic acid we obtained an ester in which the configuration of the 6-”-octyl radical is 
fully preserved. This result favours the usual view regarding esterification by the direct 
method, and excludes Kenner’s mechanism. We think that this finding will hold for all 
ordinary carboxylic esters. 

There is another possible subsidiary mechanism of esterification related to (V) as 
unimolecular substitution is to bimolecular substitution. It may be represented by 


R-OH,* —> R* + OH 
R-SO,H —> R* + SO,H- } Glow) (vI.) 
R’-CO,H + R* —> R“CO,R + H* (fast) 


the first two lines illustrating alternative forms of the same type of process, This is 
evidently an acid-catalysed mechanism. Its stereochemical peculiarity is that an 
asymmetric R should become racemised (Cowdrey e¢ al., loc. ctt.). 

For reasons given in our papers on aliphatic substitution we expect this mechanism to 
become apparent (if it occurs at all) in the acid-catalysed esterification of aliphatic secondary 
alcohols, or, still more, of tertiary alcohols or aromatic alcohols of the «-phenylethyl and 
benzhydrol types. As we were working with a secondary alcohol we took the opportunity 
to test for its occurrence by the stereochemical method. The results were positive. In 
contrast to the outcome of our esterification by the direct method, we found that when 
8-n-octyl alcohol and acetic acid form 6-n-octyl acetate in the presence of sulphuric acid 
there is a small but definite racemisation of the 6-n-octyl radical. 

For completeness wealso point to the possibility of unimolecular neutral hydrolysis (VII), 
which we might expect to realise, ¢.g., in the tertiary esters of the very strongest carboxylic 
acids : 


R-CO‘OR —> RCO-0 + R (slow) ad 
+ + - + ' 
R + H,O —> ROH + H; R“CO-O + H —> R“CO-OH (fast) 


EXPERIMENTAL. 


The only practical point which it is necessary to mention is that, since 8-n-octyl acetate and 
8-n-octyl alcohol are not easily separated by distillation, a necessary stage in the purification of 
the crude acetate obtained by esterification is the removal of the alcohol by a chemical method. 
We used combination with phthalic anhydride, the acid phthalate being subsequently separated 
from the neutral acetate by means of ether and aqueous sodium hydrogen carbonate. Special 
experiments showed that the complete purification process does not cause any loss of optical 
activity in the ester. 

The numerical data are given below. As we did not use optically pure B-n-octyl alcohol, 
the results are best exhibited by giving to the observed rotations of the ester a proportionate 
correction to correspond to optical purity in the original alcohol. This is done in the second 


* Making the safe assumption that R’CO,- would remove H+ from R-OH,*+ much faster than it 
would remove R+, we see that mechanism (V) would not be acid-catalysed. 
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column from the right. Actually the rotation thus obtained for the ester resulting from 
esterification by the “ direct’ method is slightly higher than that recorded by Pickard and 
Kenyon (J., 1914, 105, 830) for optically pure B-n-octyl acetate, and hence we have taken our 
rotation as representing complete retention of optical purity when calculating the figures in the 
last column on the right. Pickard and Kenyon’s work shows quite clearly that when the 
alcohol and ester have the same sign of rotation they have corresponding configurations. 


[a] of R“CO,R. Optical 


Reagents (mols.). 








Expt. Time - ~ (eat , — puri 
No. Temp. (hrs.). ROH. R“CO,H. H,SO, H,O. ROH. Obs. Corr. (%). 
1 115° «15 1-0 10-8 0-00 0-00 +9-32° +7-04° +7-48° +100 
2 100 2-6 1-0 10-1 0-10 0-21 +861 +456 +529 + 71 
3 50 2-0 1-0 10-1 0-40 310 —591 -—367 -—615 + 82 


Note: All rotations are those of the pure liquids, without solvent. 
Analyses of Ester: (Expt. 1) Found: C, 69-8; H, 11-4. (Expt. 3) Found: C, 70-0; 
H, 11-4. Calc.: C, 69-8; H, 11-6%. 


Str WILLIAM RAMSAY AND RALpH ForSTER LABORATORIES, 
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180. Fused Carbon Rings. Part XVI. The Stereoisomerism of the 
Perhydrophenanthrenes : Preliminary Investigations. 


By R. P. LinsTeEAD and A. L. WALPOLE. 


The stereochemistry of the perhydrophenanthrenes is outlined and its importance 
in relationship to that of the sterol group is indicated. 

The gross structure of three isomeric forms of 9-ketododecahydrophenanthrene, m. p. 
39°, 94°, and 88°, has been proved. The first two of these ketones are identical, apart 
from the position of the double bond. In one this is in the 8 : 14-, and in the other in 
the 13: 14-position. The third unsaturated ketone, m. p. 88°, is probably a trans'*- 
A’°-form. 

The first two unsaturated ketones both yield the same two fully reduced 9-keto- 
perhydrophenanthrenes, which are cis!*- and trans!*-forms, and otherwise identical in 
configuration. The third unsaturated ketone gives a distinct trans!*-9-ketoperhydro- 
phenanthrene. 

Various hydrocarbons and alcohols of the group are described, including a solid per- 
hydrophenanthrene. A preliminary discussion is given of the configuration of the 
various substances. 


SINCE the appearance of the papers of Windaus (Amnalen, 1926, 447, 233), Bernal (Nature, 
1932, 129, 277, 721; Chem. and Ind., 1932, 51, 466), and Ruzicka (Helv. Chim. Acta, 
1933, 16, 216, 327) the importance of the stereochemical configurations of the compounds 
of the sterol group has been generally recognised. It therefore becomes of considerable 
interest to investigate the stereochemistry of the fundamental ring structures underlying 
this group df compounds—how the various stereoisomerides can be made and intercon- 
verted, how their properties are affected by their configuration, and what are their relative 
stabilities. The problem is very complex; even in the relatively simple molecule of 
aetiocholane there are six asymmetric carbon atoms, situated at the points of fusion of the 
rings. We have therefore made a preliminary attack on the problem by an examination 
of the perhydrophenanthrene system, which bridges the gap between the steroids and 
the decalins. 

There are four asymmetric carbon atoms in perhydrophenanthrene. If we neglect any 
possible complications due to the persistence of labile ring structures and use a classical 
stereochemical basis, the molecule can be seen to exist in six inactive forms, of which four 
are racemic and two meso-. All will be multiplanar and, on a purely tetrahedal basis, all 
will be strainless. Actually it is to be anticipated that there will be definite differences of 
stability, due to the operation of other factors, such as the repulsion of adjacent groups. 
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In terms of the convention proposed in 1937 (Linstead, Chem. and Ind., 56, 510) and adopted 
by Ruzicka (Helv. Chim. Acta, 1938, 21, 498) they are represented as follows : 


(I.) cis-syn-cis (meso). (II.) cis-syn-trans (rac.). (III.) évans-syn-trans (meso). 


os 


\ \ ‘ 
(IV.) cis-anti-cis (rac.). (V.) cis-anti-trans (rac.). (VI.) trans-anti-trans (rac.). 


[The hexagons represent fully reduced cyclohexane rings. The black dots indicate hydro- 
gen atoms above the general plane of the molecule. The maximum number of dots is 
always used, as otherwise the cis-syn-cis structure would be unmarked and it would not 
be clear if a particular configuration were intended. A dot is always placed on C,3. Asan 
example of the naming of a complicated structure on this basis, the unsaturated ketone 
(VII) is completely described as syn-trans-9-keto-A!-dodecahydrophenanthrene.] 

If ring B is opened by oxidation of suitable derivatives of perhydrophenanthrene, per- 
hydrodiphenic acids (VIII) are produced. These are of particular interest in connection 
with the application of the Blanc rule to the determination of structure in the steroid 
group. For convenience in reference, our results in the field of the perhydrodiphenic 
acids are considered separately in the following paper. 

Our first object, therefore, was to prepare stereochemically homogeneous hydrophenan- 
threne derivatives substituted on carbon 9. One convenient method of approach was 
provided by the work of Marvel and his collaborators (J. Amer. Chem. Soc., 1936, 58, 972; 
1937, 59, 2666), who cyclised di-A1-cyclohexenylacetylene with formic acid to two isomeric 
ketones, C,,H90, one a solid and the other a liquid. The liquid isomeride was held to be 
trans-9-ketododecahydrophenanthrene (IX). The most important evidence was that it 
was reduced by the Clemmensen method to an unsaturated hydrocarbon, which on treat- 
ment with selenium yielded a product almost identical in properties with trans-as-octa- 
hydrophenanthrene. No solid derivatives, however, were obtained. 


CO,H CO,H 5 


me \ 
> GS 
(VII.) (VIIL.) (IX.) 


We have reinvestigated the Marvel cyclisation. The product was separated into two 
isomeric ketones, both crystalline solids, m. p. 39° and 94°, the latter being identical with 
Marvel’s. On reduction by the Clemmensen method both yielded dodecahydrophenan- 
threnes. These hydrocarbons on dehydrogenation in the vapour phase over palladised 
charcoal (Linstead, Millidge, Thomas, and Walpole, J., 1937, 1146) both yielded phenan- 
threne. This proves the correctness of Marvel’s view that the ketones are hydrophenan- 
threne derivatives. 

The positions of the double bonds and of the keto-groups have been found as follows: 
The lower-melting ketone slowly absorbed one molecular proportion of hydrogen over 
palladised charcoal. The main product was a crystalline 9-ketoperhydrophenanthrene, 
m. p. 51°, which formed an oxime, m. p. 164°. This condensed with methylmagnesium 
iodide to yield a tertiary alcohol, which on dehydration, and subsequent dehydrogenation 
over palladised charcoal in the vapour phase, gave a product from which 9-methylphenan- 
threne was isolated as the picrate. 

The isomeric unsaturated ketone, m. p. 94°, rapidly absorbed one mol. of hydrogen 
over palladised charcoal, to yield mainly the same saturated ketone, m. p. 51°. Both the 
unsaturated ketones, therefore, contain a 9-keto-group. 

Both the unsaturated ketones reacted very slowly with iodine chloride in chloroform- 
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alcohol, which indicated that the double bonds were in the «f-position (Linstead and May, 
J., 1927, 2578). The reaction with the ketone of m. p. 94° was faster than that with the 
isomeride, which showed scarcely any reaction after 48 hours. The «f-positions of the 
double bonds were proved by measurements of the ultra-violet absorption spectra. These 
were kindly carried out by Dr. R. K. Callow of the National Institute for Medical Research. 
The results are summarised in the following table, which also contains for comparison the 
values for some ketones both with and without conjugated double bonds. 


TABLE I. 


Maximum of main band. 
Ketone. AA. log e. 
9-Ketododecahydrophenanthrene, m. p. 39° 4-09 
9 ° 


” 3-95 
Mesityl oxide (a8-double bond) 4-141 
Cholestenone at 4-302 
Eremophilone be 3-90 
Cc one Mr 4-28 
Pulegone P 3-71 4 
Methylheptenone (no 1-728 
Acetone os 1-238 
1 Morton, J., 1926, 719. ® Heilbron, Morton, and Sexton, J., 1928, 47. * Gillam, J., 1936, 
676. * Lowry, Simpson, and Allsopp, Proc. Roy. Soc., 1937, A, 168, 483. 


These results correct the view of Marvel that his liquid ketone (which clearly consisted 
mainly of the isomeride of m. p. 39°) had the double bond in the By-position (IX). 

Both unsaturated ketones must have the same configuration of the locking of the rings, 
in so far as this is already determined, because they give the same saturated ketone. Hence 
they cannot be stereoisomeric modifications of the same unsaturated ketone, for example, 
(X), with cis- and trans-fusion respectively at C,,—C,,. The isomerism must depend upon 
the position of the double bond, and, since this is «8- in both, the ketones must have two 
of the three structures shown below : 


pet ™ pty, 
~ \as_ 12 IN 
(X.) (XI) (XII) 


A decision on this point was reached by a further study of the hydrogenation products. 
In each case an identical second saturated ketone was isolated in the form of its oxime, 
m. p. 186°. The two hydrogenation products were thus similar in all respects. Now, if 
one of the unsaturated ketones were (XII), the two saturated ketones obtained from it by 
reduction must have different configurations at C,,. On the other hand, the two saturated 
ketones from (X) would have the same configuration at C,,, and the same is true of (XI). 
Hence the two unsaturated ketones must be (X) and (XI) with the identical configurations 
at C,, and C,,. As to which is which, we incline to the view that the isomeride of m. p. 
39° is (XI) on the following evidence, which is by no means conclusive: (i) The bridge 
position for a double bond is stable in hydronaphthalenes, ¢.g., octalins tend to isomerise 
into the A®:1°-form in the presence of acidic reagents (Hiickel and Naab, Annalen, 1933, 
502, 136; Linstead, Wang, and Williams, J., 1937, 1136). It seems probable that the 
ketone of m. p. 39°, formed in preponderating amount in an acid medium, will have this 
stable position of the double bond. (ii) A®:1°-Octalin is not as easily hydrogenated as its 
isomerides (Hiickel, Danneel, Gercke, and Schwartz, Annalen, 1929, 474, 144). The 
ketone of m. p. 39° is hydrogenated much more slowly than its isomeride under comparable 
conditions. . 

It was hoped to obtain confirmatory evidence from a study of the olefins obtained by 
Clemmensen reduction. The olefin from a ketone of formula (XI) would (in the absence 
of secondary reactions) contain a double bond between quaternary carbon atoms and give 
a blue nitrosochloride of the Thiele type. Experiment showed that the olefins obtained 
from both unsaturated ketones gave the same blue m#trosochloride,m. p. 191°. Hence double 
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bond migration must have accompanied the reduction of at least one of the ketones, so 
that the olefin from each ketone contained some proportion of a bridge—doubly bonded 
form, either A1*:14 or A12:13, The reaction has therefore no diagnostic value. Durland 
and Adkins (J. Amer. Chem. Soc., 1938, 60, 1501) also have observed an apparent easy 
migration of the double bond in a dodecahydrophenanthrene. 

There remains the question of configuration. The saturated ketone, m. p. 51°, was 
practically unchanged when heated alone, with sodium éert.-amyloxide, or with sodamide 
in benzene. The liquid isomeride, regenerated from the oxime, m. p. 186°, when heated 
at 280° for an hour, was largely converted into the solid of m. p. 51°. Since both ketones 
are obtained by the reduction of a 9-ketododecahydrophenanthrene with a double bond in 
the 8 : 14-position (X), they can differ only in the configuration at Cy,. By analogy with 
the behaviour of the «-decalones, where the cis-form yields the irans- on distillation at 
atmospheric pressure (Hiickel) the thermostable saturated ketone, m. p. 51°, is provision- 
ally given the évans-arrangement, and the liquid isomeride (oxime, m. p. 186°), the c#s-. 
The configuration of the rest of the molecule is the same in the two ketones. Although 
there are some indications of what this may be, it cannot profitably be discussed on the 
present rather indefinite evidence. The preferential formation of tvans-ketone from the 
A13:14_ketone (XI) falls into line with the hydrogenation of A®:1°-«-octalone to, mainly, the 
trans-a-decalone (Hiickel and co-workers, Annalen, 1933, 502, 114, 155). 

Another line of attack was provided by the work of Rapson and Robinson (J., 19365, 
1285), who obtained a crystalline ketododecahydrophenanthrene, m. p. 89°, and assigned 
to it the structure (XII) from the method of preparation. The substance is quite distinct 
from the isomeride, m. p. 94°, of Marvel. The gross structure is conclusively proved by 
its conversion into an independently synthesised perhydrodiphenic acid (following paper). 
The ultra-violet absorption spectrum, for which again we are indebted to Dr. R. K. Callow, 
shows a strong band at 2380 A., log e,,,, 4-14, corresponding to an «f-double bond. The 
unsaturated ketone is rapidly hydrogenated in the presence of palladised charcoal, one 
mol. of hydrogen being taken up. It reacts very slowly with iodine chloride, but not so 
slowly as the isomeride of m. p. 39°. The position of the double bond assigned by Rapson 
and Robinson is supported by these facts, which are consistent with an af-double bond not 
situated between quaternary carbon atoms. The hydrogenation product was a homo- 
geneous 9-ketoperhydrophenanthrene, m. p. 49°, forming an oxime, m. p. 227—228°, these 


TABLE II. 
Perhydrophenanthrenes. 
Preparation. B. p./mm. dy. np. [Ri]p- t. 
From ketone, FA. De Be. cnvscccccccpeascecccvecensqess 140°/18 0-9365 1-4981 60-17 18-5° 
pape EE EL 141/18-5 0-9302 1-4978 60-54 19-0 


Hydrogenation of dodecahydrophenanthrene!... 86—89/2  0-9447 15011 69-93 20 
90—93/25 0-9385 14994 60:17 20 


- of phenanthrene * ..............00+ 93—96/2-5  0-9437 1-5019 60-10 20 
a ~ w  ecamegecongupncece 135/13 — 1-5003 _ 25 
By-product in hydrogenation ® ..............s0+0+++ 135 /13-14 _— 1-5152 _— 10-2 


[Rz]p, calc. for Cy.H,, 60-25. 
1 Marvel and co-workers, Joc. cit. 2 Durland and Adkins, J. Amer. Chem. Soc., 1937, 58, 135; 
1938, 60, 1501. ® Cook, Hewett, and Robinson, J., 1939, 175. 


substances being quite distinct from the isomerides already described. Three of the six 
possible forms of the perhydrophenanthrene ring have therefore been obtained. 

The new ketone was stable to heat and alkaline reagents. We therefore tentatively 
assign a trans-configuration to the ring-fusion adjacent to the keto-group.* 

Perhydrophenanthrenes.—The two readily available and stereochemically homogeneous 
ketoperhydrophenanthrenes, m. p. 51° and 49°, were reduced by Clemmensen’s method to 
the corresponding perhydrophenanthrenes. These were freed from oxygenated impurities 
and then had the physical constants shown in Table II. The constants of a number of 
previous preparations of perhydrophenanthrene are added for comparison. 


* All three perhydro-ketones are stable under the conditions of regeneration from their derivatives. 
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The products of the direct reduction of phenanthrene are appreciably denser and have 
higher refractive indices than those made in the present work. This indicates that they 
contain a higher proportion of cis-material. The product of Cook, Hewett, and Robinson, 
which contains at least one cis-fusion, has a noticeably higher refractivity. 

The hydrocarbon from the ketone of m. p. 49° solidified in ice to a crystalline solid, 
m. p. 10°. We take this to be the first perhydrophenanthrene of undoubted stereochemical 
homogeneity. None of the other hydrocarbons mentioned above was obtained solid. 
Liebermann and Spiegel (Ber., 1889, 22, 779) reported the preparation of a perhydro- 
phenanthrene by the reduction of phenanthrene with phosphorus and hydrogen iodide. 
Their product had b. p. 270—275°, di: 0-933, m. p. —3°, and gave satisfactory analytical 
figures. This work, however, could not be confirmed by Schmidt and Mezger (Ber., 1907, 
40, 4240) and Ipatiev and co-workers (Ber., 1908, 41, 1000). 

Miscellaneous.—Various attempts were made to bring about isomeric change (stereo- 
chemical inversion and/or double bond migration) in all three unsaturated ketones. In 
all cases, the ketones of m. p. 39° and 88° were recovered unchanged, but that of m. p. 94° 
yielded high-boiling auto-condensation products. 

The reduction of the unsaturated ketones by means of sodium and alcohol was also 
examined in the hope that additional isomeric forms of the saturated ring system might 
result. In this way saturated alcohols were formed, but these on oxidation yielded only 
the known saturated ketones, m. p. 51° and 49°. The fact that saturated alcohols were 
produced from all three unsaturated ketones provides further support for the «f-position 


of the double bonds. 
The relationship between these tricyclic substances and the perhydrodiphenic acids is 


discussed in the following paper. 


EXPERIMENTAL. 


1. Unsaturated Ketones. 


In the routine preparation of di-A1-cyclohexenylacetylene from di-1-hydroxycyclohexylacetyl- 
ene, the use of 40% sulphuric acid was found preferable to that of potassium hydrogen sulphate 
(compare Pinkney, Nesty, Wiley, and Marvel, J. Amer. Chem. Soc., 1936, 58, 972). The average 
yield was 86%. The acetylene (90 g.) was cyclised with formic acid, following Marvel and co- 
workers. The crude ketonic product (68 g.), b. p. 148—154°/5 mm., was refractionated, and 
the fractions of b. p. 149—-153°/5 mm. frozen in ice and salt. The solid yielded, on fractional 
crystallisation from light petroleum, 9-ketododecahydrophenanthrene (X or XI), m. p. 93—94° 
(3-8 g.) (Found : C, 82-2; H, 9-9. Calc. for C,,H,,O0: C, 82-3; H, 99%), together with 21 g. of 
a second solid, melting indefinitely at about 28°. Repeated crystallisation of this raised the 
m. p. to 33—34°, but the process was wasteful. A better separation is through the oxime. 
The ketone of m. p. 93° readily yielded an oxime (2 hours at 80°), which formed long needles 
from methanol, m. p. 157—158° (Found: C, 76-4; H, 9-6. C,,H,,ON requires C, 76-65; H, 
9:7%). The ketone of m. p. 33—34° yielded an oxime in almost quantitative yield, which formed 
brilliant massive polyhedra from alcohol, m. p. 183—184° (Found: C, 76-6; H, 9-6%). These 
and the other oximes described in this paper were prepared from hydroxylamine hydrochloride, 
sodium acetate, and the ketone in aqueous alcohol, following Hiickel and Sachs (Amnalen, 1932, 
498, 176), and not in alkaline solution. The residual liquid ketone from the original fraction 
of b. p. 149—153°/5 mm. yielded the same oxime, m. p. and mixed m. p. 183°, and this was also 
given by the solid of m. p. ca. 29°. : 

The following semicarbazones were obtained, but they were less convenient than the oximes ; 
from the 93° ketone, irregular polyhedra from methanol, m. p. 232°; from the 33° ketone and 
from the liquid, crystals similar in appearance, m. p. 227—228°. A mixture of the two semicarb- 


azones melted at 216°. ; 
The oxime of m. p. 183° (11-1 g.) was boiled under reflux for 6 hours with 100 c.c. of 5% 


sulphuric acid (mechanical stirring). The ketone formed was not appreciably volatile in steam. 
It was extracted with purified light petroleum, and the extract washed with concentrated hydro- 
chloric acid, aqueous sodium carbonate, and water. The solution, dried and freed from solvent, 
yielded 9-ketododecahydrophenanthrene (X or XI) in 70% yield, b. p. 146—147°/5 mm. (Found : 
C, 82:3; H, 98. C,,H,,O requires C, 82-3; H, 9-9%). It solidified completely on cooling, 
melted at 38—39°, and re-formed the oxime, m. p. 184°. A mixture with the original solid 
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ketone, m. p. 34°, melted at 36—37°. No isomeric change had therefore accompanied the 
regeneration from the oxime. The hydrochloric acid washings yielded some unchanged oxime. 

In a later preparation, the distilled product (72 g.) after removal of the ketone of m. p. 94°, 
yielded 60 g. of recrystallised oxime (m. p. 183—184°), which gave 42 g. of regenerated ketone, 
m. p. 38—39°. 

A number of preparations of the ketone of Rapson and Robinson (loc. cit.) were performed, 
the best conditions being as follows : Sodiocyclohexanone, from 23 g. of sodamide and 58 g. of 
cyclohexanone in anhydrous ether (1-5 1.), was cooled in ice and treated with 72 g. of acetyl- 
cyclohexene in 250 c.c. of ether (stirring). The mixture was stirred at room temperature for 6 
hours and for 2 hours on the steam-bath, and was decomposed with ice and ammonium chloride. 
The product, isolated in the usual way, yielded a main fraction (65 g.), b. p. 158—162°/3 mm., 
which gave 38 g. of the pure crystalline 9-ketododecahydrophenanthrene (XII), m. p. 87—88°. 
The oxime melted at 202°. 

The addition to the three ketones of iodine chloride (Hiibl reagent) was examined under the 
conditions of Linstead and May (loc. cit.) with the following results : 39° Ketone: in 2-5 hours, 
0%; in 46 hours, 1:9%. 94° Ketone: in 2-5 hours, 3%; in 46 hours, 74-5%. 88° Ketone: 
in 8 hours, 10-56%; in 50 hours, 56%. 

Attempted Isomerisations.—9-Ketododecahydrophenanthrene, m. p. 39°, was recovered as 
essentially unchanged solid (m. p. and mixed m. p.) after being (i) heated under nitrogen for 
2 hours at 200°, (ii) heated with 10% of piperidine under nitrogen for 2 hours at 100°, and at 
200°, (iii) kept at room temperature for 48 hours with n-sodium /ert.-amyloxide (20 c.c. to 1 g. of 
ketone), (iv) heated for 2 hours at 100° with n-sodium #ert.-amyloxide. 

Under the same conditions, the isomeric ketone, m. p. 88°, was also recovered unchanged. 
In the experiments with sodium amyloxide a trace of a liquid appeared to be formed. 

The third isomeride, m. p. 94°, both when heated alone and when treated with sodium amyl- 
oxide, yielded a viscous gum. 


2. Saturated Ketones. 


(a) A solution of pure regenerated 9-ketododecahydrophenanthrene (17 g.), m. p. 39°, in 
alcohol (250 c.c.) was shaken with 0-5 g. of palladised charcoal under hydrogen. Absorption 


ceased after 48 hours, 2050 c.c. (N.T.P.) having been absorbed (calc. for one double bond, 
1870 c.c.). The product from the reduction of 32 g. of unsaturated ketone yielded 5 g. of low- 
boiling material and 26 g. of a fraction, b. p. 127—130°/2 mm., which partly solidified in ice. 
The solid (m. p. 46—48°) was collected on an ice-cold sintered glass filter and repeatedly crystal- 
lised from light petroleum to constant m. p. (11-4 g.). 9-Ketoperhydrophenanthrene (form 1) 
formed flattened rhombs, m. p. 51° (Found: C, 81-4; H, 10-6. C,,H,,O requires C, 81-5; 
H, 108%). It yielded a semicarbazone in the cold, which formed small plates from methanol, 
m. p. 187°. The oxime, prepared in boiling alcoholic solution, crystallised from much methanol 
in flattened rhombs, m. p. 163—164° (Found: C, 76-2; H, 10-2. C,,H,;ON requires C, 76-0; 
H, 10-5%). 

The material. (total weight, 13-1 g.), recovered from the various filtrates obtained in the 
purification of the solid ketone, was converted into semicarbazone, m. p. 170—180°, after washing 
with water and light petroleum. Tedious fractional crystallisation from methanol yielded a 
product (2-3 g.), m. p. 182—183°, depressed by the isomeric semicarbazone, m. p. 187°. The 
semicarbazone of m. p. 182—183° was converted by means of oxalic acid into 9-ketoperhydro- 
phenanthrene (1-4 g.) (form 2), b. p. 128°/2 mm., which failed to solidify. Its oxime, m. p. 
184—185°, formed flattened needles from methanol (Found: C, 76-1; H, 10-2. C,,H,,ON 
requires C, 76-0; H, 10-5%), and depressed the m. p.’s of the oximes of the parent unsaturated 
ketone and of the saturated ketone, m. p. 51°. 

In another series of experiments, the original reduction was performed in acetic acid solution 
with Adams’s catalyst. There was no break in the absorption of hydrogen corresponding to 
1 mol. After 5 days, 38 g. of unsaturated ketone (m. p. 39°) had absorbed 6 1. of hydrogen. 
Fractionation of the product and freezing of the various fractions yielded 8-6 g. of the solid 
saturated ketone, m. p. 51°. The liquid residues were converted into oxime (10-6 g.), which 
was fractionally crystallised from methanol. This process, although tedious and wasteful, led 
to the separation of three oximes : (i) that of the solid saturated ketone, m. p. 162—163° (3-5 g.), 
(ii) that of the liquid saturated ketone, m. p. 182—183° (1-8 g.), and (iii) by hand picking, a 
little of the oxime of the original unsaturated ketone, m. p. and mixed m. p. 180°. The appear- 
ance of unsaturated material in the product after the absorption of far more than the theoretical 
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quantity of hydrogen for the saturation of the double bond shows that some further reduction, 
presumably of the carbonyl group, was occurring. 

9-Ketoperhydrophenanthrene (form 1), m. p. 51°, was unchanged (m. p. and mixed m. p.) 
when it was heated at 250° in nitrogen for 1 hour. It was also practically unchanged by treat- 
ment with sodamide in boiling benzene (6 hours). 

9-Ketoperhydrophenanthrene (form 2) was regenerated from the oxime, m. p. 184—185°, by 
refluxing with an excess of 5% sulphuric acid, and isolated by distillation in steam. It was 
unchanged in b. p. and failed to solidify in a freezing mixture. The ketone (1 g.) was heated in 
nitrogen at 280° for 1 hour; the product solidified when cooled in ice and partly liquefied at 
room temperature. The solid melted at 46—48° alone, and at 47—48° in admixture with 9- 
ketoperhydrophenanthrene (form 1), m. p. 51°. The liquid portion was converted into oxime, 
m. p. 145°. After crystallisation from methanol it melted at 159—161°, and at 160—162° in 
admixture with the oxime (m. p. 163—164°) of form 1. Form 2 is therefore very largely con- 
verted into its stable isomeride (form 1) under these conditions. 

(b) 9-0 G. of 9-ketododecahydrophenanthrene, m. p. 94°, in 200 c.c. of alcohol were shaken 
with 0-5 g. of palladised charcoal (30% Pd) in hydrogen. Reduction was rapid, and ceased 
after 2 hours, 1040 c.c. (N.T.P.) having been absorbed (calc. for one double bond, 990 c.c.). 
The main fraction of the product boiled at 130—132°/4 mm. (7-6 g.) and solidified in ice. After 
2 hours at —20° the liquid portion was filtered through a cooled filter. The solid melted at 
47—48° in the crude state and at 51° after crystallisation from light petroleum. The identity 
with 9-ketoperhydrophenanthrene (form 1) was confirmed by mixed m. p. determinations of 
the ketones and the oximes. Yield of pure ketone, 4-3 g. 

The various liquid portions of the reduction product were converted into oxime, which was 
triturated with petroleum and crystallised from methanol. After a series of fractional crystal- 
lisations there were isolated the oximes of the two forms of 9-ketoperhydrophenanthrene already 
mentioned, viz., that of form 1, m. p. 161—162°, mixed m. p. 162—163° (0-3 g.), and that of 
form 2, m. p. 181—182°, mixed m. p. 182—183° (0-5 g.). 

Catalytic hydrogenation of the unsaturated ketone, m. p. 94°, in acetic acid solution also 
yielded form 1 of the saturated ketone as the main product. 

(c) 9-Ketododecahydrophenanthrene (3 g.), m. p. 88°, was rapidly hydrogenated in alcoholic 
solution (30 c.c.) over palladised charcoal (0-2 g.), 350 c.c. of hydrogen being absorbed in 1 hour 
(calc., 300 c.c.). The product (3 g.), when freed from solvent and catalyst, solidified, and on 
crystallisation from light petroleum gave 2-5 g. of 9-ketoperhydrophenanthrene (form 3) in plates, 
m. p. 47—48° (Found: C, 81-3; H, 10-45. C,,H,,O requires C, 81-5; H, 10-8%). A mixture 
with the isomeric form 1 liquefied at room temperature. The oxime formed in the cold and was 
almost insoluble in methanol. It crystallised from ethyl alcohol in silky needles, m. p. 227— 
228°. 

In a subsequent large-scale reduction, the semi-solid ketone, after the removal of pure form 
3, was converted into oxime, which was fractionally crystallised. Only the oxime of form 3 
could be isolated. Reduction of the unsaturated ketone, m. p. 88°, in acetic acid solution gave 
the same result. 

The unsaturated ketone (form 3), m. p. 47—-48°, was unaffected by treatment with sodamide 
in boiling benzene (m. p. and mixed m. p.). 

Reduction of the Unsaturated Ketones with Sodium and Alcohol.—2 G. of sodium were added to a 
boiling solution of 9-ketododecahydrophenanthrene (3 g.), m. p. 39°, in absolute alcohol. When 
the sodium had dissolved, the solution was cooled and acidified, and the alcohol removed at 50°. 
The product, isolated by means of ether, boiled at 138—140°/2 mm. and set to a cheesy solid which 
could not be crystallised and appeared to be a mixture of saturated alcohol and saturated 
ketone (Found: C, 81-0; H, 11-0. Calc. for C,,H,,0: C, 80:7; H, 11-6%. Calc. for C,,H,,0: 
C, 81-5; H, 10-8%). When it was oxidised with chromic acid in acetic acid, it yielded a product 
which partly solidified after distillation. The solid was identified as 9-ketoperhydrophenan- 
threne (form 1) by m. p. and mixed m. p. 

The preparation of a saturated alcohol corresponding to form 1 is described in the following 
paper. 

The isomeric unsaturated ketone, m. p. 94°, gave a similar mixture on reduction with sodium 
and alcohol, Oxidation of the product with chromic acid yielded form 1 of the saturated ketone. 

The third unsaturated ketone (3 g.), m. p. 88°, in 30 c.c. of boiling absolute alcohol was 
treated with 2 g. of sodium, followed by a further 10 c.c. of alcohol and 2 g. of sodium. The 
product had b. p. 135°/1-3 mm. (2-9 g.) and solidified on cooling. Crystallisation from light 
petroleum yielded 1-9 g. of 9-hydroxyperhydrophenanthrene in flattened prisms, m. p. 119° 
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(Found: C, 80-6; H, 11-5. C,,H,,O requires C, 80-7; H, 11-6%). Oxidation of 1 g. of this 
with 0-4 g. of chromic acid yielded 0-8 g. of form 3 of 9-ketoperhydrophenanthrene, almost pure. 


3. Hydrocarbons. 


(a) 18 G. of 9-ketododecahydrophenanthrene, m. p. 38°, 120 g. of amalgamated zinc, and 
50 c.c. of 5n-hydrochloric acid were boiled together for 48 hours, concentrated hydrochloric 
acid being added from time to time. The reduction product was isolated by means of ether 
after distillation in steam. It was dried, freed from solvent, heated with potassium for an hour 
at 210°, and distilled, 14-5 g. of dodecahydrophenanthrene being obtained, b. p. 116°/9 mm., 
having the physical properties given in Table III (Found: C, 88-3; H, 11-6. C,H, requires 
C, 88-4; H, 116%). In acetic acid solution over Adams’s catalyst it absorbed an amount of 
hydrogen corresponding to one double bond. 1 C.c. of the hydrocarbon was treated with 1 c.c. 
of freshly prepared amyl nitrite and 1 c.c. of dry ether. The mixture was treated at 0° with 1 
c.c. of 10N-hydrochloric acid. Pale blue crystals separated in the ethereal layer after a time, 
m. p. (crude) 188—189°. The nitrosochloride separated from ether in pale blue, flattened needles, 
m. p. 191° (Found: Cl, 13-4. C,,H,,ONCl requires Cl, 139%). No white nitrosochloride 
could be isolated. 

The isomeric unsaturated ketone, m. p. 94°, was reduced in exactly the same way. The 
dodecahydrophenanthrene obtained (8-2 g. from 10 g. of ketone) boiled at 121—122°/12 mm. 
(Found : C, 88-1; H, 11-7%) and yielded the blue nitrosochloride, m. p. 191°, mentioned above. 
In spite of the formation of this common derivative the physical properties of the two unsaturated 
hydrocarbons show that they are different, or at least contain considerable proportions of differ- 
ent isomerides (see Table III). 


TasLe III. 
Physical Properties of Dodecahydrophenanthrenes, Cy4Hog |f- [Rr]p calc., 59-78. 


Origin. B.p./mm. 5. dt. t. [Rzjo. Exaltn. 
Reduction of ketone, m. p. 39° ! 116°/9 15116 0-9641 195° 59:16 —0-62 
3 - - oar 121/12 1:5106 09553 19:0 5960 —0-18 
» Of liquid ketone * 81/15 1:5102 09674 200 5883 —0-95(?) 
» of phenanthrene (P + HI)*... 268/737 1-5119 0-964 20-0 5919 —0-59 


ney nickel) .... 141/13 1-512 ane 25-0 _ one 
1 Present work. 2 Marvel and co-workers, Joc. cit. ’ Schmidt and Mezger, loc. cit. 4 Dur- 
land and Adkins, J. Amer. Chem. Soc., 1938, 60, 1501. 


Dehydrogenations.—The unsaturated hydrocarbon obtained from the ketone of m. p. 39° 
was boiled for 24 hours with one-tenth of its weight of palladised charcoal. The product was 
considerably changed in physical properties (b. p. 95—98°/1-5 mm., nj 1-5452, dif 0-9872). 
It failed to yield a picrate and the refractive index differs from those of the two forms of as- 
octahydrophenanthrene (Cook, Hewett, and Robinson, Joc. cit.). 1-25 G. of the original hydro- 
carbon were passed: over palladised charcoal (catalyst 1 of Linstead, Millidge, Thomas, and Wal- 
pole, Joc. cit.) at 330° during 8 hours; the gas evolution (680 c.c.) corresponded to 75% dehydro- 
genation. When the tube was swept out with hydrogen at 330°, only a small quantity (0-2 g.) 
of a liquid collected in the receiver, but at 345—350° a solid sublimed from the catalyst. The 
solid (0-5 g.), m. p. 94—95°, was identified as phenanthrene by sublimation (m. p. and mixed 
m. p. 98°) and the formation of the picrate (m. p. and mixed m. p. 143°). A further quantity of 
phenanthrene picrate was obtained from the liquid dehydrogenation product. 

The same procedure was applied to dodecahydrophenanthrene obtained from the ketone 
of m. p. 94°. 800 Mg. of this yielded 280 c.c. (50%) of gas when passed over palladium at 
340° for 6 hours. The product was swept out at 340—350°, and yielded 200 mg. of 
solid phenanthrene, together with a liquid residue from which phenanthrene picrate was 

ed. 

(b) 9-Ketoperhydrophenanthrene (form 1) (2-8 g.), m. p. 51°, was boiled with 20 g. of amal- 
gamated zinc, 20 c.c. of glacial acetic acid, and 10 c.c. of hydrochloric acid for 24 hours, a slow 
stream of hydrogen chloride being passed in. The product was extracted with purified light 
petroleum, washed with concentrated sulphuric acid until the extract was no longer coloured, 
then with alkali and with water. It was dried over calcium chloride, heated with potassium 
for an hour at 210°, and distilled. 2-73 G. boiled at 140—140-5°/18 mm. and had n#* 1-4974, 

3k 
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&2* 0-9340; [Rz]p 60-25. The product was still slightly unsaturated towards bromine in 
chloroform. It was therefore warmed on the steam-bath for 2 hours with 5 c.c. of concentrated 
sulphuric acid containing a little oleum. The perhydrophenanthrene was isolated as before, 
unchanged in b. p. An arbitrary middle fraction (1-5 g.) had nj 1-4981, dj?" 0-9365, [Rz]p 
60-17 (calc. for C,,H,,, 60-25) (Found: C, 87-5; H, 12-3. C,,H,, requires C, 87-5; H, 12-5%). 
It did not solidify in solid carbon dioxide-ether. 

9-Ketoperhydrophenanthrene (form 3), m. p. 48°, was similarly reduced, and the product 
purified in the same way. Before being heated with sulphuric acid, it had b. p. 140—140-5°/ 
18 mm., »3* 1-4966, dj?* 0-9277, [Rz]p 60-58; and after such treatment nj’ 1-4978, di%° 
09302, [R,]p 60-54 (Found: C, 87-5; H, 12-4%). This form of perhydrophenanthrene solidified 
in a freezing mixture to a crystalline mass, m. p. 10°. 

(c) A solution of 4 g. of 9-ketoperhydrophenanthrene (form 1), m. p. 51°, in 20 c.c. of ether 
was added with stirring to a Grignard reagent prepared from 4-3 g. of methyl iodide and 0-75 g. 
of magnesium. The mixture was refluxed overnight and worked up in the usual manner. On 
distillation under 2 mm. spontaneous dehydration occurred at a bath temperature of ca. 170°; 
the distillation was therefore repeated a number of times with a crystal of iodine under 40 mm. 
The product was finally heated with potassium (1 hour at 210°) and distilled over fresh potas- 
sium. The yield of 9-methyldodecahydrophenanthrene, b. p. 140°/15-5 mm., was 0-9 g. (Found : 
C, 88-4; H, 11-4. C,,H,, requires C, 88-1; H, 11-9%). The hydrocarbon (1-23 g.) was de- 
hydrogenated over palladised charcoal in the vapour phase at 330°. Yield of hydrogen, 320 c.c. 
(40%), in two passages. The product swept out at 360° did not solidify in a freezing mixture. 
The aromatic portion, separated by means of picric acid, melted indefinitely at 75° and depressed 
the m. p. of phenanthrene. It gave the picrate of 9-methylphenanthrene, orange needles, m. p. 
148—149°, depressed to 143—144° by phenanthrene picrate (Found: C, 59-95; H, 3-95. Calc. 
for methylphenanthrene picrate : C, 59-8; H, 3-6%. Calc. for phenanthrene picrate : C, 58-95; 
H, 32%). Windaus, Jensen, and Schramme (Ber., 1924, 57, 1877) report that 9-methylphenan- 
threne melts at 91° and gives an orange picrate, m. p. 152—153°. 


We are much indebted to Dr. R. K. Callow for his kindness in measuring the absorption 
spectra. We also thank the Chemical Society and the Royal Society for grants. 
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181. Fused Carbon Rings. Part XVII. The Stereoisomerism of the 
Perhydrodiphenic Acids and an Examination of the Blanc Rule. 


By R. P. LinstEap and A. L. WALPOLE. 


The perhydrodiphenic acids are important for two reasons: (i) They are related 
stereochemically to the perhydrophenanthrenes and can be used for the determination 
of their configuration, (ii) They can be used for testing the limitations of the Blanc 
rule, dealing with the formation of cyclic ketones from dibasic acids, and for correlating 
the ease of ketonisation with the configuration. 

Six inactive perhydrodiphenic acids are theoretically possible, and four of these are 
described in the present paper. Previous work by Vocke and by Hiickel is reviewed 
and the configurations of the various acids are discussed. All the acids yield anhydrides 


and three give cyclic ketones. 


Bianc’s rule (Compt. rend., 1907, 144, 1356) formed one of the main principles in the 
determination of the size of the carbocyclic rings present in sterols and similar substances. 
Expressed briefly, it states that if two carboxyl groups occupy the 1:3-,1:4, or 1:5- 
positions in a chain, the acid on treatment with acetic anhydride and subsequent distillation 
will yield an anhydride, whereas 1 : 6- and higher dicarboxylic acids (with certain limitations) 
will give cyclic ketones. The rule, although usually applicable, fails in certain cases for 
reasons not fully understood. 








[1939] Fused Carbon Rings. Part XVII. 851 


A notable exception is thilobilianic acid, with the skeleton structure (I), which. yields 
only an anhydride on pyrolysis (Wieland and Dane, Z. physiol. Chem., 1932, 210, 268). 
Wieland and Dane suggested that 1 : 6-dicarboxylic acids did not obey 

X the Blanc rule when the two carboxyl groups were attached to two 

MN rings not fused together. Ruzicka (Helv. Chim. Acta, 1933, 16, 216, 

C | D | 327) pointed out that the breakdown of the rule might have a stereo- 
chemical origin, for both in thilobilianic acid and in the other exceptional 

A|B O,H acids (Windaus, Z. physiol. Chem., 1933, 218, 155; Wieland and Wey- 
land, ibid., 1920, 110, 141) there is a trans-linking between B and C. 

O,H Hence, unless an inversion of configuration occurred, the pyro-ketone 

(I.) _. formed would contain a five-membered ring fused to two six-membered 

Os aunt” rings by at least one trans-fusion. Ruzicka suggested that the excep- 

tions to the Blanc rule are confined to this type. 

In 1934, Vocke obtained important evidence bearing on the problem from a study of 
synthetic compounds. By the hydrogenation of diphenic ester over nickel, and subsequent 
hydrolysis, he prepared two perhydrodiphenic acids, m. p. 213° and 245°, together with 
incompletely reduced material (Annalen, 1934, 508, 1). Both these acids yielded an- 
hydrides on treatment with acetic anhydride, but not on pyrolysis. The higher melted 
and gave a ketone on pyrolysis; the lower sublimed unchanged. In a short addendum to 
Vocke’s paper, Hiickel describes the preparation of a third perhydrodiphenic acid, m. p. 
273°, by the catalytic hydrogenation of diphenic acid over platinum. The new acid 
yielded a ketone by the Blanc procedure. 

In the present work we have prepared four stereoisomeric perhydrodiphenic acids, 
studied their behaviour on pyrolysis, and made some progress in the determination of their 
configurations. The stereochemistry of the acids resembles that of the perhydrophenan- 
threnes. There are four possible racemic and two meso-modifications, which may be 
formulated as (II) to (VII). The possibility of restricted rotation about the link joining 
the two rings is neglected for the purpose of the present discussion. 


A A A A A A oe 
(III.) rac. (IV.) meso. (V.) rac. 


A A A A Si ¢o ¢O 
(VI.) rac. (VII.) rac. (VIII) (IX.) 
(The convention is the same as before, A being CO,H.) 


The acids were prepared as follows. The oxidation of 9-ketoperhydrophenanthrene, 
m. p. 51° (preceding paper), with nitric acid failed to yield a solid product, but a similar 
oxidation of the corresponding alcohol, made by the Ponndorf—-Verley method, yielded a 
perhydrodiphenic acid, m. p, 202—203°, The isomeric 9-ketoperhydrophenanthrene, m. p. 
49°, was readily oxidised to a perhydrodiphenic acid, m. p. 244°, together with traces of a 
more degraded product. The acid was recovered unchanged after treatment with a mixture 
of hydrochloric and acetic acids at 200°. The catalytic hydrogenation of diphenic acid in 
glacial acetic acid over Adams's catalyst slowly yielded a perhydro-acid, m. p. 273—274°, 
clearly identical with that obtained by Hiickel. This acid on treatment with a mixture of 
hydrochloric and acetic acids at 200° yielded a new perhydrodiphenic acid, m. p. 220°. 

Vocke (loc. cit.) reduced methyl diphenate over Raney nickel under pressure, using 
Adkins’s procedure, to a mixture of perhydro- and hexahydro-esters. Waldeland, Zartman, 
and Adkins (J. Amer. Chem. Soc., 1933, 55, 4234) had performed a similar reduction of 
ethyl diphenate, and had obtained a mixture of a solid and a liquid perhydro-ester. Pro- 
fessor Adkins kindly carried out a similar pressure reduction of the methyl ester on our 
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behalf. We find that this product also is a mixture of stereoisomeric perhydro-esters. 
One of these is a solid, m. p. 73°, and this on hydrolysis yields the perhydro-acid of m. p. 
220°, identical with that obtained by the inversion of Hiickel’s acid. 

The liquid esters yielded a mixture of perhydro-acids, from which a form, m. p. 244°, 
was readily isolated, corresponding to the 245° acid of Vocke. This was identical with the 
acid already obtained from the oxidation of 9-ketoperhydrophenanthrene, m. p. 49°. The 
mixture also yielded the acid, m. p. 220°, already obtained from the solid ester, but we have 
so far not encountered the isomeride, m. p. 213°, reported by Vocke. One possibility is that 
Vocke’s acid is an impure version of the 220° acid, but, against this, his acid gave an anhy- 
dride of m. p. 85° and no ketone, whereas the 220° acid behaves differently (see below). 
We prefer to leave this point open at present. 

Catalytic hydrogenation of methyl diphenate over platinum also yielded the solid 
perhydro-ester, m. p. 73°, and thence the acid, m. p. 220°. This provides a convenient 


preparative method. 
Formation of Ketones (VIII) and Anhydrides (1X). —The results are summarised below 


and discussed later. 

203° Acid. This yielded a crystalline anhydride, m. p. 135°, when boiled with acetic 
anhydride. The anhydride evolved no carbon dioxide when heated at 350°, and at higher 
temperatures distilled mainly unchanged. No ketonic product could be isolated. 

244° Acid. Treatment with acetic anhydride gave an oily anhydride, which deposited 
a few bold crystals, m. p. 117°. Crystallisation of the crude anhydride from benzene or 
acetic anhydride yielded a stable solid anhydride, m. p. 242°, which was also formed by 
heating the original oil to 170°. When the parent acid was heated alone at 310—320°, 
and then distilled, it yielded a perhydrofluorenone, which formed a semicarbazone, m. p. 
216—217°. As regards the formation of ketone, our results tally with those of Vocke, but 
he reports two forms of the anhydride, m. p. 115° and 265°. This difference, and the 
existence of more than one form of the anhydride, remain to be explained. 

273° Acid. With acetic anhydride this yielded an additive compound, m. p. 104°, which 
was shown to be the anhydride crystallised with one molecule of acetic anhydride. Vacuum 














sublimation of this gave the crystalline perhydrodiphenic anhydride, m. p. 143°. At 310° 
Unsaturated ketohydrophenanthrene 39° 94° Diphenic 88° 
os acid | 
Saturated ketohydrophenanthrene 51° <——_ Liquid | Be a 49° 
Oxime, 164° Oxime, 186” ose 2 m3 228° 
Ni,H 
Pt,H 
Pt,H 
¥ ¥ 
Perhydrodiphenic acid 203° 273° hn. % uo 
Anhydride, —— ac a Anhydride, 
135° 106° 242° 
{ 
Perhydrofluorenone No ketone Ketone, Ketone, 
semicarbazone, 201°  semicarbazone, 217° 


the acid yielded carbon dioxide and a perhydrofluorenone, the semicarbazone of which 
melted at 200—202° and appeared to be a mixture. Hiickel’s ketone, made by the Blanc 
procedure, gave a semicarbazone, m. p. 210°. Both semicarbazones were formed with 


difficulty. 
220° Acid. The anhydride, m. p. 105—106°, was normal. At 310—315°, the acid 


yielded carbon dioxide and a ketone, giving a semicarbazone, m. p. 199—202°, identical 


with that obtained from the 273° acid. 
213° Acid. According to Vocke, this yields a stable anhydride, m. p. 86°, and no ketone. 


All the anhydrides are soluble crystalline compounds. Their molecular weights, deter- 
mined by the micro-Rast method, are only slightly high for the unimolecular forms. There 
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is no reason to suppose that they are other than unimolecular, except that the existence of 
several forms of the anhydride: of the acid of m. p. 244° in some ways recalls the work of 
Hill (J. Amer. Chem. Soc., 1930, 52, 4110) on the simple and polymolecular anhydrides of 
adipic acid. In the absence of decisive experimental evidence, it is preferable to assume 
that this anhydride exists in one or more labile polymolecular modifications, rather than 
that the unimolecular form can exist in different stereoisomeric multiplanar modifications. 

Our results are summarised in the diagram, where the numbers indicate melting points. 
At least one inactive form of perhydrodiphenic acid remains to be found. 


DISCUSSION. 


These results and those of previous workers show definitely that the applicability of 
the Blanc rule to acids of the adipic series is dependent on the degree of substitution and 
on the configuration, and it is of interest to examine how these factors may operate. For 
the sake of simplicity, the discussion may be confined to the formation of anhydrides and 
ketones by the Blanc procedure. 

The formation of a pyro-ketone from an adipic acid must involve the following stages : 
(i) the coiling of the molecule into a form in which the carboxyl groups are within striking 
distance, (ii) the formation of anhydride, (iii) the decarboxylation of the anhydride with 
the production of ketone. The whole process may be accompanied by an inversion of 
configuration. 

Under conditions allowing free rotation, the carboxyl groups of the perhydrodiphenic 
acids may be assumed to orient themselves at the furthest possible distance apart. It 
may easily be shown that the six isomerides will fall into three pairs according to the furthest 
possible divergence of the carboxyl groups. Whether the configuration of the backbone be 
syn- or anti-, the inter-carboxyl distances will be: trans-trans-acids > cis-trans-acids > 
cts-cis-acids. In all cases the distance will be less than that in a free zig-zag arrangement 
such as is possible in adipic acid itself. This factor must affect the ease of the formation of 
anhydride under Blanc conditions but cannot directly affect the ketonisation. 

It is known from the work of Blanc, and of Farmer and Kracovski (J., 1927, 680), that 
many unimolecular adipic anhydrides have a considerable stability, and that the anhy- 
dride of aa«’«’-tetramethyladipic acid can be heated to high temperatures without showing 
any tendency to pass into ketone. The anhydrides of the perhydrodiphenic acids are all 
stable at high temperatures, and in the two cases where no ketonisation occurs, exceptionally 
so. This may in part be due to the general effect of «-substitution. 

The stability of the end-product is bound up with the possibility of configurational 
change. There would be a considerable difference in stability between the perhydro- 
fluorenones formed without inversion from the various perhydrodiphenic acids. But the 
ketones possess a carbonyl group which is capable of enolisation from both lateral rings and 
therefore the configuration should theoretically be capable of inversion at both «-carbon 
atoms, only that of the backbone (syn- or anti-) being maintained. All the isomeric acids 
would therefore be expected to yield one of two tricyclic ketones, representing the final 
stable forms in the syn- and anti-series respectively. The perhydrofluorenone structure 
(VIII) consists of an a-hydrindanone unit fused by the 8- and y-carbon atoms to a cyclo- 
hexane ring. In extension of the work of Hiickel and collaborators on «-hydrindanone, it 
may be assumed that the forms of perhydrofluorenone containing cis-ring fusions will be 
more stable than those with trans-fusions. The final stable forms will therefore be cis-syn- 
cis and cis-anti-cis-, or cis-trans-mixtures rich in these isomerides. 

This is borne out by the experimental results in so far as the 220° and 273° acids yield 
the same ketone (or mixture of ketones), whereas the 244° acid gives an isomeride. The 
question then arises: why do not the remaining two acids, m. p. 203° and 213°, behave 
similarly and give one or other of these ketones? We suggest that the reason lies in the 
mechanism of the inversion. There is no evidence that an inversion of configuration of 
the anhydride precedes ketone formation, and it seems more likely that the anhydride 
first yields the ketone of the same configuration, which subsequently undergoes inversion 
by enolisation at the high temperature of the reaction. If this is so, the determining 
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factor will be the stability of the first-formed, unstable, ketone. Recent experimental 
work has shown that the formation of strained polycyclic ketones requires higher temper- 
atures than does that of the corresponding unstrained ketones, both when inversion does and 
does not occur (Cook and Linstead, J., 1934, 946; Barrett and Linstead, J., 1935, 436), and 
that the strained ketones have the higher energy contents. It thus seems reasonable to 
suppose that the main reason for the inability of certain perhydrodiphenic acids, and similar 
acids derived from sterols, to yield ketones lies in the fact that the energy required for the 
formation of ketones of the same configuration is outside the range of the ordinary experi- 
mental conditions. 

In conclusion, the most probable configuration for the known perhydrodiphenic acids 
may be indicated. The complete solution must await work in progress on their resolution 
and in other directions. The suggestions which follow are based on general analogies with 
the a-hydrindanone and «-decalone series. 

1. The two acids, m. p. 203° and 213°, which fail to give ketones, have trans-trans- 
configurations, and between them account for the tvans-syn-trans- and trans-anti-trans- 
isomerides. 

2. The 273° and 220° acids belong to the same series with respect to the backbone, 1.c., 
they are both either syn- or anti-. The 273° acid, being inverted by acid, probably contains 
more cis-fusions than the 220° acid. 

3. The 244° acid must belong to the opposite series with respect to the backbone, both 
because it gives a different ketone and because the first series already has its full comple- 
ment of three isomerides. 

4. The 203° and 244° acids have at least one trans-linking, as they are formed from 
ketoperhydrophenanthrenes with one trans-fusion (see preceding paper). 

Hence we have : 
Cis-cis-. Cis-trans-. Trans-trans-. 
Series 1 (syn- OF ANti-) ......ccceceeeeees m. p. 273° m. p. 220° m. p. 203° or 213° 
Series 2 (anti- OF SYN-) ....ccccccerereees —_ m. p. 244° m, p. 213° or 203° 


The formation of wholly or predominantly cis-material by the hydrogenation of aromatic 
compounds over platinum tallies with common experience. 


EXPERIMENTAL. 


Perhydrodiphenic Acid, m. p. 203°.—9-Ketoperhydrophenanthrene (form 1), m. p. 51°, 
was reduced by the Ponndorf—Verley method (cf. Lund, Ber., 1937, 70, 1520). 9-8 G. of the 
ketone, mixed with 35 c.c. (80% excess) of M-aluminium isopropoxide, were heated so that one 
drop of isopropyl alcohol distilled in 10 seconds, the volume of solution being maintained by the 
addition of more of the alcohol. After about 8 hours, when no more acetone could be detected 
in the distillate, the contents of the flask were evaporated to dryness at 100°/10 mm. The 
residue was decomposed with dilute sulphuric acid, and the product isolated by means of ether. 
9-Hydroxyperhydrophenanthrene (8-2 g.) boiled at 132°/0-5 mm. and set to a cheesy solid (Found : 
C, 81-2; H, 11-5. C,,H,,O requires C, 80-7; H, 11-6%). 

The acetate, b. p. 127°/1 mm., was prepared by boiling the alcohol with an excess of acetic 
anhydride for 2 hours (Found: C, 76-7; H, 10-2. C,,.H,,O, requires C, 76-8; H, 10-5%). 

Dehydration of 9-hydroxyperhydrophenanthrene over potassium hydrogen sulphate at 
200° for 3 hours gave 75% of dodecahydrophenanthrene, A, b. p. 127°/13 mm. 

The oxidation of the alcohol to a perhydrodiphenic acid was difficult, and the following 
procedure gave the best results. The alcohol (2-5 g.) was added to an ice-cold mixture of fuming 
nitric acid (15 c.c.) afd concentrated nitric acid (45 c.c.). The reaction was started by gentle 
warming and moderated by ice-cooling. Finally the mixture was heated on the steam-bath for 
4 hour, diluted with water, and cooled in ice. The sticky solid was collected on a filter, washed 
with water, and extracted with warm saturated sodium bicarbonate solution. The solution was 
extracted with ether, and the perhydrodiphenic acid was precipitated from the bicarbonate 
solution and dissolved in the minimum quantity of acetic acid. The acid separated in nodules, 
m. p. 193°, and after a number of crystallisations from 90% acetic acid it formed nodular masses 
of fine needles (0-7 g.), m. p. 202—203° (Found : C, 65-9, 66-2; H, 8-35, 8-55. C,,H,,O, requires 
C, 66-1; H, 8-75%). 

The oxidation (i) of 9-ketoperhydrophenanthrene, m. p. 51°, with concentrated or with 
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fuming nitric acid, (ii) of the acetate of the 9-hydroxy-compound by the procedure described 
above, (iii) of the unsaturated hydrocarbon, A, with permanganate under various conditions, 
yielded no solid perhydrodiphenic acid. 

Perhydrodiphenic Acid, m. p. 243—244°.—1 G. of 9-ketoperhydrophenanthrene (form 3), 
m. p. 48°, was added to 5 c.c. of a 1 : 3 mixture of concentrated and fuming nitric acids, and the 
mixture warmed. The vigorous reaction was moderated by water-cooling, and completed by 
4 hour’s warming on the steam-bath. Solid separated during this process. The mixture was 
diluted with 5 c.c. of water and cooled in ice, and the crude acid filtered off. It was crystallised 
once from acetic acid with ice-cooling, and then repeatedly from acetone—which was n 
to remove traces of a higher oxidation product. The perhydrodiphenic acid (230 mg.) formed 
bright needles, m. p. 243—244° (bath initially at 235°) (Found: C, 65-8; H, 8-5. C,,H,,O, 
requires C, 66-1; H, 8-75%). Ina larger experiment, the crude hydrogenation product from 
38 g. of 9-ketododecahydrophenanthrene, m. p. 88°, was oxidised in this way and yielded 6:8 g. 
of the pure acid, m. p. 243°. 

500 Mg. of the acid were heated in a sealed tube with 5 c.c. of glacial acetic acid and 25 c.c. 
of 10n-hydrochloric acid for 8 hours at 200°. The product was freed from tar with supernorit, 
and evaporated to dryness. The residue was fractionally crystallised from acetic acid, but only 
the starting material was recovered. 

For another preparation of this acid, see below. 


[With F. H. Stincer.] Diphenic Acid.—The following method, suggested by Dr. A. W. 
Chapman, is a great improvement on the existing processes for preparing diphenic acid from 
phenanthraquinone or anthranilic acid. A mixture of phenanthraquinone (50 g.), acetic acid 
(150 c.c.), and hydrogen peroxide (500 c.c. of 20 vol.) was heated under reflux until a steady 
stream of bubbles was evolved, and this was maintained for 3 hours. The quinone had then 
disappeared and a white precipitate of diphenic acid had separated. The mixture was cooled 
and made alkaline. The liquid was filtered and acidified to Congo-red. In this way 87 g. of the 
quinone (from 100 g. of phenanthrene) yielded 71 g. of diphenic acid. Esterification by the 
Fischer—Speier method yielded the dimethyl ester, m. p. 73—74°. 

Perhydrodiphenic Acids, m. p. 273° and 220°.—A solution of 5-5 g. of diphenic acid in 160 c.c. 
of purified acetic acid was shaken under hydrogen with 1-0 g. of Adams’s catalyst. After 5 days, 
1800 c.c. had been absorbed and hydrogenation ceased. A further 0-5 g. of catalyst was added, 
which led to the absorption of another 900 c.c.; and finally, after the addition of another 0-5 g. 
of catalyst, a total uptake of hydrogen of 3150 c.c. was reached (calc., 3050 c.c,). The sparingly 
soluble product slowly separated during the reduction. At the end the product was heated to 
boiling, and the catalyst removed by filtration. The solution then deposited 3-2 g. of perhydro- 
diphenic acid in microcrystalline plates, m. p. 273—274°, and another 0-5 g. was obtained from 
the mother-liquor (compare Hiickel, Joc. cit.). 

1 G. of this acid was heated with 10 c.c. of glacial acetic acid and 5 c.c. of hydrochloric acid 
in a sealed tube at 200° for 8 hours. The product was filtered from a tarry by-product and 
evaporated to dryness. The residue was crystallised from acetic acid (charcoal) and yielded 
glistening needles of a perhydrodiphenic acid (0-52 g.), m. p. 219—220°. The m. p. was depressed 
by the isomeric acids, m. p. 203°, 244°, and 273° (Found: C, 65-6, 65-7; H, 8-5, 8-6. Cy gH y,O,4 
requires C, 66-1; H, 8-75%). 

A solution of 10 g. of methyl diphenate in 250 c.c. of pure acetic acid was shaken in hydrogen 
with 1 g. of Adams’s catalyst; 2600 c.c. were taken up in 5 days. A further 1 g. of catalyst was 
then added, and the hydrogenation continued until a total of 5450 c.c, had been absorbed in a 
total time of 8 days (calc., 4970 c.c.). After removal of the catalyst and solvent, the residue 
yielded 4-9 g. of methyl perhydrodiphenate in needles, m. p. 73°, and 4-2 g. of liquid ester. The 
solid ester depressed the m. p. of methyl diphenate (Found: C, 67:8; H, 92. CygH 9.0, 
requires C, 68-0; H, 93%). Hydrolysis of the solid ester with boiling 20% methyl-alcoholic 
potash wasslow. The acid product had m. p. 220°, alone or in adimixture with the acid described 
above, obtained by the inversion of the isomeride of m. p. 273°. 

Reduction over Raney Nickel.—Professor Homer Adkins reports as follows: “‘ 35 g. of methyl 
diphenate in 40 c.c. of methylcyclohexane were hydrogenated over Raney nickel at 150—300 
atmospheres. Judged by the hydrogen absorption, hydrogenation was practically complete 
within less than 1 hour after the temperature reached 180°. Hydrogenation was allowed to 
proceed for 3 hours at 210—215°.” 

Removal of the solvent left a liquid, which slowly deposited 7-0 g. of needles. These had 
m. p. 73—74° after crystallisation from methy] alcohol and did not depress the m. p. of the solid 
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methyl perhydrodiphenate (m. p. 73°) obtained by reduction over platinum. Hydrolysis 
yielded the acid of m. p. 220°. 

The liquid residue yielded the following fractions : b. p. 134—136°/1 mm., 2g.; 136—142°/1 
mm., 5-6 g.; 142—145°/1 mm., 10-6 g.; 146—150°/1 mm., 2-7 g. The largest fraction had C, 
68-7; H, 9-3 (C,,H,,O, requires C, 68-0; H, 9-3%), and hence was substantially methyl perhydro- 
diphenate. The fractions were hydrolysed separately with methyl-alcoholic potash, and the 
acids fractionally crystallised from dilute alcohol. The main product was an acid, m. p. 243— 
244°, identical with that already described, obtained by the oxidation of 9-ketoperhydro- 
phenanthrene, m. p. 48°. No other acid of certain purity has as yet been isolated from these 
products. 

Formation of Anhydrides and Ketones.—A cid, m. p. 203°. 500 Mg. of the acid were boiled for 
5 hours with 5 c.c. of acetic anhydride. The excess of reagent was removed at 100°. The 
residue solidified on cooling, and pure perhydrodiphenic anhydride, m. p. 135°, was obtained by 
crystallisation from acetic anhydride, in glistening plates; yield, almost quantitative (Found : 
C, 70-8, 71-0; H, 8-2, 8-1; M, micro-Rast, 275. C,,H,,O, requires C, 71:1; H, 855%; M, 
236). The anhydride dissolved in boiling 10% sodium hydroxide solution; on acidification the 
solution slowly deposited the original acid (m. p. and mixed m. p.). 

The anhydride (350 mg., m. p. 135°) was heated in a slow current of nitrogen in a flask 
connected with a receiver, a drying tube, and a soda-lime tube for the measurement of evolved 
carbon dioxide. The temperature of the heating-bath was slowly raised from 250° to 350°. 
No carbon dioxide was evolved and after 1 hour only two drops of liquid distillate had collected. 
Further increase of the temperature led to the distillation of the anhydride (m. p. and mixed 
m. p.; identified also by hydrolysis to the parent acid, m. p. 203°). There was a trace of neutral 
distillate, but this failed to give a semicarbazone even on prolonged treatment. The soda-lime 
tube increased in weight by 12 mg. (calc. for complete ketonisation, 65 mg.), but some carbonis- 
ation occurred in the later stages, and this is of doubtful significance. 

The parent acid (300 mg., m. p. 203°) was heated in a stream of nitrogen with 50 mg. of 
baryta. The temperature was slowly increased from 250° to 345°, held at this for 1 hour, and 
finally raised to 370° until nothing more distilled. The product wasliquidinice. After removal 
of acid and anhydride the neutral residue (80 mg.) yielded no semicarbazone. Yield of carbon 
dioxide, 35 mg. (calc., 52 mg.). 

Acid, m. p. 244°. 500 Mg. of the acid were boiled for 5 hours with 5 c.c. of acetic anhydride. 
Removal of the excess of reagent, finally at 2 mm., left a viscous residue, which slowly deposited 
a few fine needles, m. p. 108—110°, and 117° after two crystallisations from acetic anhydride. 
This solid, after melting, resolidified at 160° and remelted at 239°. The viscous residue solidified 
when warmed with acetic anhydride and could only be brought into solution when boiled with a 
large excess of this solvent. It then separated in small rhombs, m. p. 241° (A). The anhydride 
was more soluble in boiling benzene and separated on slow evaporation of the solvent. After 
two crystallisations a constant m. p. of 242° was reached (B) (Found: C, 71-1; H, 9-1; M, 272. 
C,4H yO, requires C, 71-1; H, 8-55%; M, 236). The original viscous anhydride slowly solidified 
when it was heated at 170°. After 15 minutes the material melted at 238° (C). All these 
preparations (A), (B), and (C) were identical. The anhydride (m. p. 242°) was insoluble in 
boiling 10% aqueous caustic soda, but was dissolved by warm 20% methyl-alcoholic potash. 
The solution yielded the acid of m. p. 244° (m. p. and mixed m. p.). 

When the acid was treated with boiling acetyl chloride, it yielded a pasty solid from which 
only the anhydride of m. p. 242° could be isolated. 

The acid (500 mg.) was heated alone in a current of nitrogen. At 310° to 320° a vigorous 
evolution of carbon dioxide occurred. When this subsided, the product was distilled at 335° and 
extracted with ether, and the extract washed with alkali and water. The perhydrofluorenone 
(400 mg.), after removal of the ether, was readily converted into semicarbazone, which was 
washed with light petroleum and crystallised from alcohol. It formed clusters of needles, m. p. 
216—217°. Vocke (loc. cit.) gives m. p. 215° (Found: C, 67-7; H, 9-35. Calc. for C,,H,,ON; : 
C, 67-4; H, 93%). Turing the ketonisation 89 mg. of carbon dioxide were evolved (calc., 
87 mg.). 

Acid, m. p. 273°. On treatment with acetic anhydride by the general method already 
described, a crude product was obtained, melting at about 140°. On crystallisation from acetic 
anhydride the m. p. fell to 100—103° and finally attained a constant value of 104°. The com- 
pound appears to be a perhydrodiphenic anhydride crystallising with one molecule of acetic 
anhydride (Found: C, 63-4, 63-4; H, 7-55, 7-3; M, micro-Rast, 158. C,,H,,O, requires C, 

63-9; H, 7-7%; M, assuming complete dissociation in camphor, 169). After three sublimations 
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under reduced pressure, pure perhydvodiphenic anhydride was obtained in glistening plates, 
constant m. p. 143° (Found: C, 71-2, 71:3; H, 8-5, 8-45; M, 295. C,,H,)O, requires C, 71-1; 
H, 855%; M, 236). Both products, m. p. 104° and 143°, dissolved readily in boiling 10% 
aqueous sodium hydroxide, and acidification of the solutions regenerated the original acid, 
m. p. 273°. 

When the acid (400 mg.) was heated in a current of nitrogem, carbon dioxide was first evolved 
at about 310°, and ceased to come off after $ hour at 310—315°. At 330° a yellow oil with a 
distinctive odour distilled. It was washed with alkali (residue, 280 mg.) and converted into 
semicarbazone. This did not form readily and the yield was poor even after 2 hours’ heating on 
the steam-bath. The perhydrofluorenone semicarbazone formed clusters of flattened needles 
from alcohol, m. p. 200—202°, not improved by recrystallisation (Found: C, 67-9, 67-7; H, 
9-25, 9-3. C,,H,,ON, requires C, 67-4; H, 9-3%). The carbon dioxide evolved weighed 62 mg., 
corresponding to 90% ketonisation. 

Acid, m. p. 220°. The anhydride, made in the usual way, readily solidified; it crystallised 
from acetic anhydride in small plates, m. p. 105—106° (Found: C, 70-8; H, 7:95; M, 271. 
C,,4H_,O, requires C, 71:1; H, 855%; M, 236). The anhydride dissolved in boiling 10% 
aqueous alkali; the solution regenerated the parent acid (m. p. and mixed m. p.) on acidi- 
fication. . 

500 Mg. of the acid were heated alone for $ hour at 310—315°. Carbon dioxide was readily 
evolved above 300°. The semicarbazone of the product, which formed slowly, had m. p. 199— 
201°, alone or in admixture with that prepared from the acid of m. p. 273°. The carbon dioxide 
evolved corresponded to 82% ketonisation. 


We thank the Chemical Society and the Royal Society for grants, and Professor Adkins for 
his kind co-operation. 
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182. The Heats of Adsorption of Gases on the Oxides of Manganese 
at Low Pressures and Room Temperature. 


By W. E. GARNER and T. WARD. 


The heats of formation of carbon monoxide, carbon dioxide, oxygen, and hydrogen 
on an oxide of manganese in various stages of reduction have been measured in a 
thermocouple calorimeter. It is shown that the heats of adsorption obtained are 
dependent on the degree of unsaturation of the surface. 


THIs investigation forms a part of a series which was planned to gain a knowledge of the 
changes in adsorptive properties which occur on mixing two oxides, and, in particular, to 
study those cases where compounds were formed between the oxides. Veal and one of us 
(J., 1935, 1487) have investigated the adsorption of gases on zinc oxide and ZnO,Cr,O3, and 
the present work deals with the oxides of manganese. Other investigations in hand include 
the measurements of the heats of adsorption of gases on Cr,O; and Mn,O,,Cr.03, and when 
these studies are completed it is hoped to be able to throw some light on the changes in 
surface activity which arise on admixture of two oxides. Attention has been directed 
mainly to the adsorption of hydrogen, oxygen, carbon monoxide, and carbon dioxide on 
these surfaces, and the heats of adsorption of these gases have been measured by means of 
the thermocouple calorimeter described by Veal and one of us (J., 1935, 1436), the adsorption 
processes being followed by pressure measurements. 

The X-ray structures of the oxides of manganese prepared from oxalate and carbonate 
at various temperatures and subjected to varying amounts of oxygen have been determined 
by Blanc and Wehner (Z. physikal. Chem., 1933, A, 168, 59). When prepared at 350° 
from the oxalate, an active MnO could be obtained which would take up oxygen up to 
MnO,.;,- It was shown that the MnO lattice was unchanged by taking up oxygen up 
to MnO,.;3, above which ratio Mn,O, appeared. The latter could take up oxygen up to 





858 Garner and Ward: The Heats of Adsorption of 


MnO,.49, whereat a hitherto unknown modification of Mn,O, made its appearance. Also, 
starting from MnO,, oxygen was removed and the ordinary Mn,O, lattice obtained immedi- 
ately, there being no evidence of solid solutions between these oxides. These experiments 
show that there is some solubility of oxygen in the lattices of MnO, Mn,O,, and Mn,O,, 
but that complete series of solid solutions are not formed from these oxides. 

In the present work, it was decided to subject the oxide to the same treatment as was 
followed in the research on zinc oxide and ZnO,Cr,O,. This involved oxidation and reduc- 
tion at 400° and freeing from adsorbed gases at 450°. The process of oxidation gave an 
oxide which contained a little less oxygen than corresponds with the formula Mn,O;. On 
reduction, this gave mixtures with compositions between Mn,O, and Mn,O,, so that in the 
present research we are concerned with adsorption on surfaces being within this range. 

The heat of adsorption of carbon monoxide on manganese oxides has been calculated 
by Charachorin and Elowitz (Acta Physicochim. U.S.S.R., 1936, 5, 323) from adsorption 
isotherms at —78-5° to 11-5°, and the average value found was 2-3 kg.-cals./mol. over the 
range 6—25 x 1078 mols. per g. of oxide. This is in agreement with the results of earlier 
papers by Roginsky and Zeldowitch (bid., 1934, 1, 554, 595). The adsorption is evidently 
of the van der Waals type, but above —15° there was evidence of the commencement of 
chemisorption, and the activation energies determined from rate of change of pressure 
were found to vary from 5400 to 13,000 kg.-cals. with increasing surface density over the 
range —20° to 24-5°. It has been shown in the present work that the adsorption at room 
temperature is very complex, the adsorption being followed by a slow heat evolution of 
which no hint would be given on pressure-time curves The heats obtained vary from 
67 to 22 kg.-cals., decreasing with increasing surface density. The above variations in the 
activation energies are therefore readily understandable. The above authors find the 
adsorption of carbon dioxide to be very complex, with evidence of chemisorption above 
25°, and record no values for the heats of adsorption. Taylor and Williamson (J. Amer. 
Chem. Soc., 1931, 53, 2168) have studied the adsorption of hydrogen on manganous oxide 
and their results indicate that chemisorption occurs between 184° and 218° kK. with 
activation energies increasing with surface density from 12-4 to 20-8 kg.-cals. 

There are a number of investigations on the dissociation of manganese carbonate, of 
which that of Krustinsons (Z. Elektrochem., 1932, 38, 780) may be quoted. He finds that 
the natural crystalline carbonate has the dissociation pressure of 1 atm. at 408°, and that 
Q = 25-39 kg.-cals. Synthetic manganese carbonate is found to dissociate at much lower 
temperatures, giving 1 atm. at 200—330°. There is no doubt that evacuation at 450° for 
several hours should suffice to decompose manganese carbonates completely. The heat of 
adsorption of carbon dioxide on the oxide used in the present research was 23-18 kg.-cals., 
which is somewhat lower than the above heat of dissociation. 


EXPERIMENTAL. 


Preparation of Oxide—An aqueous solution of manganous sulphate was treated with 
potassium hydroxide solution, and the precipitate washed until there was no trace of potassium 
in the washings. The precipitate was broken up into small pieces, and oxidised at 400° in 
oxygen for several days. Analysis of the oxide, after baking out at 450°, showed that its 
empirical formula was MnO, .4;. 

Preparation of Surface of Oxide.—The oxide was employed in the fully oxidised, and in the 
fully and the partly reduced state. Reduction was brought about with either carbon monoxide 
or hydrogen at 400°, the latter substance being the more effective in reducing the oxygen con- 
tent of the oxide. H was found that 64 c.c. of carbon monoxide could be oxidised in the process 
of reduction, giving a final composition of MnO,.,, for the oxide, but that 243 c.c. of hydrogen 
would react with the oxide surface giving a final composition of MnO,49. The oxide was not 
reduced with hydrogen until a series of heats of adsorption had been made with carbon monoxide, 
dioxide, and oxygen. Before use in the measurement of heats of adsorption, the oxide was 
baked out at 450° for 3 hours under high vacuum. . 

Calorimeter.—This was of the type 1, f described by Garner and Veal (Joc. cit.), and the weights 
of the components in the container were: platinum, 1-8972 g.; pyrex, 4-7740 g.; oxide, 11-1632 g. 
In calculating the water equivalent, the specific heats used were respectively 0-0314, 0-020, 
0-164 cals./g. Experiments were carried out at 17° approx. The platinum—platinum-rhodium 
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thermocouple was employed in conjunction with the Z.c. Kipp and Zonen galvanometer at a 
sensitivity of about 10 cm. per degree, the necessary calibrations being made against a standard 
Beckmann thermometer. The temperature of the calorimeter fluid was changed by the 
addition of either ice or hot water. 

There were only two minor changes in the experimental arrangement. The thermocouple 
leads were brought out of the calorimeter in twin tubing with the object of minimising temper- 
ature differences along the leads, and the calorimeter and leads were enclosed in a wooden case 
with a window for observation of thermometers. 

Cooling Correction.—It was found in a preliminary series of experiments that the cooling 
correction—loss of temperature per min. for a difference of temperature of 1° between the calori- 
metric fluid and the thermocouple—was independent of the gas pressures in the calorimeter up 
to 10-* cm., and also that the thermal conductivity of the catalyst was sufficiently good to make 
it unnecessary to use helium as a diluting gas. It therefore became possible to employ a new 
method for determining the cooling corrections. This consisted in saturating the catalyst with 
gas, e.g., carbon monoxide or dioxide up to pressures of 10-*, 10-*, 10% cm., etc., and then de- 
creasing the temperature of the calorimeter by a fraction of a degree by adding ice-water, which 
change does not appreciably affect the equilibrium established between the gas and the surface. 
The cooling correction varied with time as follows: After 5—7} mins., 0-0148°; 734—10 mins., 
0-0164°; 10—15 mins., 0-0186°; and 20—30 mins., 0-020° per min. for 1° difference of temper- 
ature. These values were found to be independent of the pressure in the calorimeter over the 
range from a hard vacuum to 10-* cm., and independent of the nature of the gas. It was there- 
fore decided to keep the gas pressure in the adsorption experiments below 10-* cm., and to use 
the above cooling corrections in calculating heats of adsorption. 

Preliminary Experiments on the Reduction with Carbon Monoxide.—The oxide, without 
having been previously in contact with hydrogen gas, was fully oxidised, and after being evacu- 
ated at 450°, was treated with small quantities of carboh monoxide at room temperature. After 
each treatment, the temperature was raised to 450° for 6 hrs. under a high vacuum, and any 
carbon dioxide evolved was collected in a liquid-air trap. The amounts of carbon monoxide 
adsorbed, and evolved as carbon dioxide are given below for a series in which the surface was 


Reduction, c.c. of CO ... 0 4-1 5-2 6-6 10-7 , 35:9 53-2 


C.c. of CO adsorbed... 1-57 
C.c. of CO, evolved 


Ie . 
C.c. of CO admitted ... 1:87 2- i 181 195 209 2-43 : 3-93 

1- 

1 


1-32 1-56 150 1-84 2-33 
1-19 1-34 1-23 1-55 A 


progressively reduced. The range of gas pressures at equilibrium varied from 2 to 5 x 10° cm. 
The amount of carbon monoxide adsorbed on the surface at room temperature was ~ 2 c.c. at 
all stages in the reduction process, so the adsorption area of the oxide towards carbon monoxide 
is not appreciably modified by the reduction. The fluctuations in the values for carbon 
monoxide adsorbed are probably due to irregularities in the baking out. In the early stages of the 
reduction, the adsorbed carbon monoxide was evolved mainly as carbon dioxide, but in the 
later stages the efficiency of the reducing agent decreases. After 64 c.c. of carbon monoxide 
had been oxidised, the reduction became very slow. 

Heats of Adsorption.—The heats of adsorption of carbon monoxide, carbon dioxide, oxygen, 
and hydrogen have been measured on the fully oxidised, fully reduced, and various intermediate 
surfaces. In the early experiments, helium was mixed with the gas, but it was found subse- 
quently that the thermal conductivity of the oxide was sufficiently high to make the employ- 
ment of helium unnecessary. Except for carbon monoxide, steady values were obtained after 
about 10 minutes, and these values are given in the following tables. For carbon monoxide 
there was a slow evolution of heat after the adsorption had taken place, and this was nearly 
complete in about 20 minutes. 

Carbon Monoxide.—One complete series for the adsorption of carbon monoxide on the 
oxidised surface is given in Table I. The heats of adsorption are given in kg.-cals./mol. adsorbed 
up to various times during a run. Experiments 1—7 were performed on one day and the 
remainder on the following day. The gap between 7 and 9 is due to an attempt to desorb some 
of the adsorbed gas, which was unsuccessful. In spite of the interruption, the heats fall steadily 
throughout the series. Another series gave practically identical results. 

In the early admissions of carbon monoxide, the adsorption was practically complete after 
8 mins., and the subsequent evolution of heat must be due to some rearrangement either of the 
adsorbed gas on the surface or of the surface itself. Attempts were made to separate the two 
processes which occur, but they overlap to such an extent that quantitative separation was not 
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found to be possible. Beebe and Dowden (J. Amer. Chem. Soc., 1938, 60, 2912), in studying the 
adsorption of carbon monoxide on Cr,O, at liquid-air temperatures have shown the existence 
of two stages in the adsorption process which are clearly separable. The heats obtained for the 
two processes are, however, 4 and 12 kg.-cals. respectively, and they regard the first as van der 
Waals and the second as activated adsorption. In the case of the adsorption on Mn,O, at room 
temperature, the first process is considered to be chemisorption, and the second to be in large 
part due to a reorganisation of the atoms forming the surface of the crystal lattice (see p. 862). 


TaBLeE I. 
Kg.-cals./mol. 


Admission : , " 4. 5. 
2 mins. . 18-0 21-2 
5 . 


9. 10. 11. 
20-4 19-5 17-0 
24-8 23-0 19-4 
27-4 25-7 20-4 
29-4 28-0 21-3 
31-8 30-2 22-0 
34-0 31-6 22-4 
35-8 32-2 22-4 

0-206 0-586 0-548 
0-182 0-388 0-250 


28-3 28-4 
35-2 33-5 
38-6 38-0 
41-0 42-5 
, 43-2 44-9 
60: 1 45-6 48-2 
C.c. adm. } 0-111 0-059 0-122 0-215 
C.c. ads. , 0-110 0-062 0-119 0-205 


The heats of adsorption for the first admission of 0-2—0-4 c.c. of carbon monoxide to the 
surface in various stages of reduction are given in Table II. Each figure is the mean of several 
determinations except that an asterisk indicates that only one measurement was made. The 
heats of adsorption which are given for this gas are those obtained after the 20th minute, in 
spite of the fact that there may have been a slow adsorption of heat after this time. This has 
been done since the radiation correction becomes so large after 20 mins. that appreciable errors 
may be introduced into the heat measurements. There has, however, been very little heat 
lost, as is shown by the balance sheet on p. 863. 

Carbon Dioxide.—The amount of carbon dioxide adsorbed at a pressure of 5 x 10-* cm. was 
~ 1-5 c.c., and this remained practically constant throughout the reduction process. It will 
be noted that the quantities adsorbed are very similar to those found for carbon monoxide, 
indicating that these two gases may be adsorbed on the same centres. The heats of adsorption 
on the oxidised surface were measured on the admission of 0-3—0-5 c.c. of gas. The first ad- 
missions gave an average value of 23-3 kg.-cals., and the adsorbed gas was desorbed extremely 
slowly on applying a hard vacuum. The second admission gave 20-3 kg.-cals. and this gas 
could be desorbed and the heat of desorption measured. In the calculation of the heats of 
desorption, it was assumed that the whole of the adsorbed gas was desorbed within 20 mins. 
The figures obtained are shown below. 


aS SEESSESH 
S SSshsaw’ 


7 . © 
as 
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Admission : 
Heat of adsorption (kg.-cals. /moi.) , 19 
Heat of desorption (kg.-cals./mol.) ...............0++ ° 1 


* 

18- 

8 17: 

Initial rate of desorption (mols./sec. x 10-1*) ... — 5 1- 


8. 
17-5 
16-3 

1 


9 
5 
3 3 


. 5. 
19- 19- 
19- 18- 
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The agreement between the heats of adsorption and desorption, except for admission 2, is suffi- 
ciently close to warrant the assumption that the activation energy for the adsorption of carbon 
dioxide on Mn,O, is very small. This is in agreement with the conclusions of Zawadski and 
Bretsznajder (Z. Elektirochem., 1935, 41, 215), viz., that the adsorption of carbon dioxide on 
oxides to give carbonates is a process requiring little or no activation energy. From the initial 
rates of desorption, the heat of desorption may be calculated from the Polanyi—-Wigner theory, 
e.g., rate = Nve-@’/RT, where N is the number of molecules adsorbed, v = 10**, and Q is the heat 
of desorption. The calculated values for the above series range from 21-0 to 21-5 kg.-cals./mol. 
These are 2—3 kg.-cals. higher than the experimental values, which is to be expected in view of 
the fact that we are dealing with diffusion processes in a porous material. 

The heats of adsorption on the partly reduced surfaces were higher than on the fully oxidised 
or fully reduced surfaces, but after three admissions of 0-5 c.c., these heats fell to those obtained 
on the oxidised surface, viz., 18—20kg.-cals. The values for the first admissions of 0-3—0-5 c.c. 
are given in Table II. 

Adsorption of Hydrogen.—The oxide adsorbed only small quantities of hydrogen at room 


Reduction of surface, c.c. of H, 24 79 234 
Amount adsorbed at saturation ° 0-03 0-15 0-17 
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temperatures, and hence the heats were difficult to determine accurately. The amounts of gas 
adsorbed at a pressure of 5 x 10-* cm. are given on p. 860 for various stages of reduction, and 
the heats are given in Table II. 

Adsorption of Oxygen.—This gas was only slightly adsorbed at room temperature, greater 
amounts being adsorbed on the partly reduced surfaces than on the oxidised or fully reduced 
surfaces. The results for the amount of gas adsorbed at saturation are summarised below. 


co. H,. 
18-6 64. 234 





Reduction of surface, c.c. 


9-2 
Amount adsorbed at saturation . 0:3 0-6 0-4 0-2 


A number of second admissions were made. Thus, for the oxidised surface, the first 0-15 c.c. 
gave 24 and the next 0-05 c.c. gave 10—16 kg.-cals., according to the amounts adsorbed. The 
rate of adsorption of this oxygen was rapid, and yet there was no appreciable desorption at room 
temperature of the gas adsorbed with the low heats on applying the pumps. The adsorption 
of oxygen is therefore possibly activated, but no definite decision can be reached on this point 
since the Polanyi-Wigner equation might not apply to the desorption of chemisorbed oxygen 
as molecular oxygen. 


TABLE IL 


Summary of Heats of Adsorption on MnQg. 
Co. H,. 








Reduction of surface, c.c. " 9-2. 18-6. 64, " 79. 243. 
O 78 74* 62 61 * 45 * 
Heats of adsorption, 36 34 * 36 * — 17-4* 
kg.-cals. /mol. H _- — — 58 30* 
29 36 * 31 —_ 22* 


From the above results, it is clear (1) that the adsorption area for carbon monoxide, carbon 
dioxide, hydrogen, and oxygen is practically constant throughout the reduction process, and 
(2) that the heat of adsorption is greater on the partly reduced than on the fully oxidised and 
fully reduced surfaces, no marked differences being observed in the behaviour of the surface 
reduced in the two ways. 

Adsorption of Oxygen on a Surface containing Adsorbed Carbon Monoxide.—It has been shown 
by Garner and Veal (loc. cit.) that for ZnO,Cr,O,, treatment of the surface with carbon monoxide 
increases its ability to absorb oxygen. The additional oxygen taken up in the case of the spinel 
was one-half of the carbon monoxide adsorbed. Similar experiments with the manganese oxide 
have now shown that additional oxygen is taken up after saturation of the surface with carbon 
monoxide. Experiments were carried out on (a) the oxidised surface after baking out for 3 hrs. 
at 450° and on (b) the same surface after the additional treatment with oxygen at room 
temperature. The results are given below : 

Gas adsorbed. (4). (b). Gas adsorbed. (a). (db). Gas adsorbed. (a). (b). 
{ (i) O, — O16 { (i) O, — O16 Ur { (i) CO 153 — 
If (ii) CO 844s 85 II¢ (ii) CO, 1-54 =1-10 (ii) CO, 0-81 — 

(iii) O, 0-50 0-63 (iii) O, O11 0-09 

The additional oxygen taken up after the carbon monoxide treatment was about one-quarter 
of the carbon monoxide adsorbed, whereas there is no additional oxygen adsorbed after carbon 
dioxide treatment. It is clear that the adsorption of carbon monoxide activates the surface 
for the adsorption of oxygen. Expt. III is of interest since it is possible that the carbon dioxide 
is adsorbed on the activated portions of the surface, but this point was not investigated further. 

A number of heat measurements were made for the adsorption of oxygen on a fully oxidised 
surface treated with small amounts of carbon monoxide, and these were distinctly higher than 
any obtained before on the gas-free surfaces. It was also found that the heat on the second 
admission was higher than for the first : 


Admission of CO. 2 


CO aGs0shed, CL, servecinvecianccereyosssasecreseceseccesceeosseonss 0-69 
Heat of adsorption, kg.-cals./mol. of O, ° 54 


Three series of experiments were also made on the fully oxidised surface with the mixture 
2CO + O, and the total heat obtained in each series was the same although there were variations 
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between the single results (see Table III). There was no drift in the values for the heats given 
in the above two tables, constant heats being obtained after the 11th minute. 


TABLE ITI. 
I. II. 


Gas adsorbed, Heat, Gas adsorbed, Heat, Average heat, 
c.c. kg.-cals. /mol. C.c. kg.-cals. /mol. kg.-cals. /mol. 
0-56 77:5 0-40 85 82 
0-59 89-0 0-42 71 80 
0-50 81-0 0-45 89 85 


DISCUSSION. 


In the adsorption of gases on surfaces, it is necessary to take into account, not only 
changes occurring in the adsorbed molecules themselves, but also those occurring in the 
surface and the lattice of the solid. Where van der Waals adsorption occurs and the mole- 
cules are held to the surface by physical forces, there will be but slight alterations occurring 
in the surface, but where the adsorption is of the nature of a chemical process, there may 
be far-reaching modifications of the surface of the adsorbent. In the present research 
some information has been gained as to the nature of the changes in the surface during 
chemisorption. 

It has been shown that the area of the surface of the manganese oxide which is available 
for adsorption after baking out at 450° is not appreciably enlarged by reduction with 
either carbon monoxide or hydrogen over the range Mn,O,~Mn,O,. This is true for the 
adsorption of all of the following gases: carbon monoxide, carbon dioxide, hydrogen, and 
oxygen. It is noteworthy that the reduced surface adsorbs no more oxygen than the fully 
oxidised surface, although during reduction one-fourteenth of the total oxygen has been 
removed. This is in marked contrast with the behaviour of the reduced surfaces of 
ZnO,Cr,O, and Cr,0;, which can adsorb very large quantities of oxygen at room temper- 
ature. In the process of reduction and subsequent baking out of the manganese oxide, 
there must be some lattice reorganisation or sintering which converts an unsaturated into 
a nearly completely saturated surface. The mobility of the atoms in the lattice of man- 
ganese oxide must be appreciably greater than is the case for ZnO,Cr,O, or Cr,O, at the 
same temperatures. 

When carbon monoxide is adsorbed on the oxidised surface, the adsorption is followed 
by a slow evolution of heat. The same behaviour is shown by ZnO,Cr,O, (cf. Garner and 
Veal, loc. cit., Table III), but in this case the rearrangement resulting in the evolution of 
heat takes place considerably more slowly than in the case of Mn,O,. This is shown by 
the fact that the length of the time interval between admissions does not affect the heat in 
the latter case whereas there is a marked effect with ZnO,Cr,0,. In spite of the secondary 
development of heat, which apparently reaches completion within 20—25 mins. in the 
case of manganese oxide, the surface is still more active towards oxygen than one from 
which carbon dioxide has been expelled by baking out at 450°. This is shown by the fact 
that the heat of adsorption of oxygen on the carbon monoxide-treated surface is 14 kg.-cals. 
greater than on a partly reduced surface, and is 24 kg.-cals. greater than on an oxidised 
surface. In the removal of carbon dioxide from the surface, there must be some 
destruction of the surface activity towards oxygen. 

In the case of chromium oxide, as Dowden has shown (results to be published shortly), 
carbon monoxide is adsorbed with a heat of 29—22 kg.-cals. with no secondary develop- 
ment of heat, and one of us (T. W.) has shown that this adsorption is chemisorption, since 
when the temperature is raised the gas is desorbed entirely as carbon dioxide. The heat 
of adsorption of oxygen on the carbon monoxide-treated surface of chromium oxide is 
55 kg.-cals. higher than on the same surface from which carbon dioxide has been removed 
by evaporation, indicating that a very large amount of unsaturation is present on the 
surface treated with carbon monoxide. Bearing in mind the fact that the unsaturation 
is less on the carbon monoxide-treated surface of Mn,O, than for Cr,O,, and that in the 
former case a slow evolution of heat follows the adsorption of carbon monoxide, it seems 
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likely that the latter heat arises as a result of the destruction of surface unsaturation. By 
taking account of this surface unsaturation and its disappearance in certain processes, it is 
possible to provide a consistent explanation of many features of the heats of adsorption 
recorded in the experimental part of this paper. 

The processes occurring during the adsorption of carbon monoxide on an oxide surface 
can be represented by the following scheme : 


CO 


/ 
ae: die No O ' Oo CO, | O 
ett eco As avis x x x 


where X is a lower form of the oxide. This scheme postulates van der Waals adsorption 
followed by chemisorption with the production of a carbonate ion and unsaturation of the 
surface. The number of unsaturated places on the surface produced in the formation of 
carbonate should be equal to the number of carbon monoxide molecules adsorbed, and this 
was proved to be the case for ZnO,Cr,O3, if the oxygen were admitted along with the carbon 
monoxide. It is suggested that these places of unsaturation in the case of Mn,O, and 
ZnO,Cr,O, decrease in number at room temperature as a result of lattice rearrangements, 
but that this does not occur for Cr,O;. This rearrangement would be accelerated if the 
carbonate ions were mobile and moved over the surface to build a carbonate lattice, in 
which event the stability of the unsaturation in the case of Cr,0, would be due to the lack 
of mobility of the CO,” ions. 

In view of the occurrence of secondary processes in the adsorption of oxides, it is of 
interest to employ the above figures on heats of adsorption in an attempt to determine if 
there is any energy unaccounted for in the conversion of carbon monoxide and oxygen into 
carbonates. The heats of adsorption for the first admissions of carbon monoxide, carbon 
dioxide, and oxygen are utilised in three schemes. In the first scheme, the carbonate is 
formed by the addition of carbon monoxide and oxygen separately to the oxidised surface. 
In the second, the carbon monoxide and oxygen are admitted together, and in the third 
carbon dioxide is adsorbed directly on the oxide surface. 


I. a, 2X0 +CO —~ XCO,;+ X + 67 kg.-cals, 
b. XCO, + X +40, —~ XCO, + X0424 ~, }01 kg.-cals. 


II. 2X0 + 40, + CO—~ XCO,+ XO+ 82 _,, 


Ill. a.CO +40 —~ CO +68 ,, 
b. CO, + se —» XO, +X0O+23 }o1 kg.-cals. 


There is good agreement between the total heats of I and III which shows that little 
energy has been lost in the course of a and bin scheme I. The fact that the heat in IT is 
less than that in ITI is of interest, for it indicates that when oxygen and carbon monoxide 
are adsorbed simultaneously, there remains appreciable although variable unsaturation on 
the surface. This is probably caused by the rapidity of the adsorption process which leads 
to a haphazard distribution of adsorbed molecules and places of unsaturation over the 
surface. Table III shows that the amount of unsaturation after the adsorption of carbon 
monoxide and oxygen in first admissions is variable, due to some factor not under control, 
and that where, owing to any cause, unsaturation is left after the first admission, there is an 
increase in the heat of the second admission. 

It will be in accord with the above theory of the surface processes to ascribe the greater 
values obtained for the heats of adsorption (Table II) on partly reduced surfaces to the 
occurrence of a higher degree of surface unsaturation in these cases. 

In the formation of carbonates, there are three successive stages occurring during the 
adsorption: (1) van der Waals adsorption, (2) the formation of surface carbonates, and 
(3) the destruction of the oxide lattice and the formation of the carbonate lattice, In the 
present investigation, it has been shown that the heat of adsorption of carbon dioxide on 
the oxidised surface of the manganese oxide ranges from 23 to 18 kg.-cals. according to 
the surface density employed, and Krustinsons (loc. cit.) has shown that the heat of 
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dissociation of crystals of manganous carbonate is 25-4 kg.-cals. The agreement between 
these two values is sufficiently close to indicate that a carbonate is formed on the surface 
when carbon dioxide is adsorbed. The heat of desorption of carbon dioxide from the 
surface carbonate is the same as the heat of adsorption within experimental error; therefore 
the activation energy for carbonate formation in this case is very small. This is in accord 
with the earlier work on the adsorption of carbon dioxide on zinc oxide, where the activ- 
ation energy must be small also. Zawadsky and Bretsznajder (loc. cit.), from a study of 
the thermal decomposition of carbonates (calcium, silver carbonates, etc.), conclude that 
there is little activation energy involved in the formation of carbonates. It is, however, 
unwise to generalise from these results that there is no activation energy involved in any 
cases of carbonate formation, for it was found in the previous paper that carbon dioxide 
adsorbed on ZnO,Cr,O3, although occurring with the low heat of 15—13 kg.-cals., could 
not be desorbed at appreciable rates at room temperature on evacuation. In this case, 
there is probably some activation energy needed since, according to the Polanyi-Wigner 
equation, which fits the facts of reversible non-activated adsorption fairly well, the 
adsorbed gas should be readily desorbed if the heat of adsorption is less than 20 kg.-cals. 


We wish to express our thanks to Imperial Chemical Industries Limited and to the Colston 
Research Society for grants for the purchase of apparatus for research. 
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183. Decomposition Reactions of the Aromatic Diazo-compounds. 
Part VI. Reactions of Benzenediazonium Chloride with Metals. 


By Witiiam A. WATERS. 


A systematic study has been made of the influence of 38 elements on the decomposi- 
tion of benzenediazonium chloride in suspension in acetone kept neutral with chalk. 
The results are reviewed theoretically. In general, elements of metallic character yield 
metallic chlorides. Both gold and palladium are reactive, though metals like chromium 
and aluminium, which have oxide films, are practically inert. Aromatic compounds are 
formed by Hg, Sn, As, Sb, S, Se, and Te, but not by Au, Tl, Ge, Pb, Bi, Mg, or other 
metals. It is concluded that the free aryl radicals produced in this decomposition will 
only react with metals when stable covalent organometallic products can be formed. 

From arsenic there has been obtained a new organometallic compound, which is be- 
lieved to be triphenylarsine phenoxyhydroxide, ASPh,(OPh)(OH), and is not an arsonium 
salt. 
Dipheny] is a secondary reaction product, of which the yield can be increased by add- 
ing benzene to the reaction mixture. By substituting naphthalene for added benzene, 
both a- and §-phenylnaphthalenes can be obtained. The theoretical significance of 
this reaction, which affords a method of synthesis of unsymmetrically substituted 
diaryls, is discussed. 

Chlorobenzene is another minor reaction product, which becomes a major product 
when copper is the metal used. The Gattermann reaction of diazo-compounds can 
therefore occur in acetone solution, and it seems to be a process in which copper plays 


a unique part. 


INVESTIGATIONS (.J., 1937, 2007; 1938, 843, 1077) of the reactions between neutral acetone 
suspensions of diazonium chlorides and certain chemical elements, such as mercury, 
antimony, and tellurium, have indicated that the mechanism of the decomposition is 
non-ionic, involving (i) isomerisation of the diazonium salt to the covalent diazo-chloride, 
(PhN,)*Cl- —-> Ph-N:NCI, followed by (ii) decomposition of the latter to nitrogen and 
neutral radicals, Ph‘N:-NC1—-> Ph: + N, + Cl, and (iii) subsequent reactions of these 
radicals with vicinal atoms and molecules. 

Since free neutral radicals possess an unpaired electron, whereas all normal covalent 
molecules contain completed shells, or at least completed pairs, of electrons, the initial 
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reactions between radicals and molecules must be substitutions, which start chain processes 
that lead to an eventual disproportionation, with some formation of an unsaturated com- 
pound and some polymerisation. 
The primary reaction between a free radical and an atom is, in contrast, an addition 

process, ¢.g., 

(a) Ph: + -Hg> + -Cl—~> Ph:Hg:Cl 

(0) 2Ph: + -Se-—» Ph!Se!Ph 
for the electrons in atoms, of other than zero valency, tend of to pair with one another, but 
to occupy different orbitals, keeping their spins parallel. Consequently, stable bonding 
pairs of electrons can be formed by union of the odd electrons of free radicals with the 


unpaired electrons of the atom. 
Only when it is in the form of a monatomic vapour, however, can one be certain that 


TABLE I, 


Reactions between Elements and Benzenediazonium Chloride in Acetone. 
Reaction products. 





Organo- 
metallic 
compounds. Comments. 


—_ Action _ possibly 
catalytic. 


Conditions of 
Element. reaction. 


Cu Brisk in cold 


~ Metallic 
chloride 


Ag Slow in cold AgCl 
Au Slow in cold AuCl, 


Mg Not in cold (MgCl) 


Zn Very brisk at 0° ZnCl, 
Not in cold (CdCl,) 
Slow in cold HgCl; 
HgCl, 
Not in cold (AICI,) 
Not in cold (InCl,) 
No action 


No action 


o 
s 
os} 
es) 
o > 
7" |O 
el: @& 
+ —- 
a 
aa 


_— Also mesityl oxide 
and phorone. 


++ +++ 


HgPhCl See J., 1937, 2007. 


— Ferrosilicon also 
inactive. 

Slow in cold SnCl, SnPh,Cl, Cf. Nesmejanow eft 

Slow in cold PbCl, —(?) } al., Ber., 19365, 


68, 1877. 
SbPh,Cl, See J., 1938, 843. 


Not in cold AsCl,; 
AsCl, 


+ 


Brisk at 0° 
Not in cold 
No action —_- 


++ + ++ +44++ ++4+0 
++ +444 


Not in cold 

Not in cold 

Brisk in cold 

No action 

Not in cold (?MoC1,) 


Brisk in cold MnCl, 
Brisk in cold FeCl, 
Not in cold CoCl, 
Slow in cold NiCl, 
Not in cold (PdCl,) 
No action 


Note.—The metallic salts indicated in parentheses, e.g., (PdCl,), were identified as reaction products, 
though formed in traces only. Organic reaction products marked + were identified in each case, but 
the yield was not estimated. 

3L 


Ph,S; Ph,S, 
Ph 


See J., 1938, 1077. 
TePh,Cl, } 


+++ 1+ 44444 


+ 
+ 
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any element possesses the electronic configuration characteristic of its free atoms. The 
polyatomic forms of many elements, which exist as gases, solvent molecules, and as non- 
conducting crystals (e.g., carbon as diamond), do not possess unpaired electrons and so 
would not be expected to react easily with free radicals (Part V; J., 1938, 1077). All 
these elements are, in fact, inert towards benzenediazonium chloride. In metallic crystals, 
however, the electrons are not all arranged in stable pairs but can easily act as individual 
entities, and, indeed, one finds that most metals are paramagnetic just as are the free 
radicals. Hence, one may differentiate between the metallic and the non-metallic character 
of any chemical element by investigating its reactivity towards free radicals, and for this 
purpose benzenediazonium chloride in acetone suspension is quite a good diagnostic 
reagent, since the substitution reactions between the benzenediazonium chloride and the 


acetone : 
Ph: + CH,°CO-CH, —> Ph‘H + -CH,CO-CH, . . . . (A) 


Cl: + CH,-CO-CH, —> CI-CH,CO‘CH, + Hew ww. OB) 


occur in preference to any other substitution processes necessitating the fission of a stable 
electron pair belonging to the element under investigation. 

The reactions between a neutral suspension of benzenediazonium chloride in acetone 
containing chalk and 38 elements are summarised in TableI. All easily accessible elements, 
other than those which react with acetone, have been investigated, and it will be seen that, 
in general, one can correlate reactivity with metallic character, particularly when one 
remembers that some metallic elements, such as chromium, are invariably coated with 
resistant oxide films and so would be immune from attack. 

The organic reaction products, other than organometallic compounds, result from the 
reaction between benzenediazonium chloride and acetone. Although this reaction does 
not occur spontaneously at temperatures under 50° it can be initiated at room temperature, 
or even lower, by the addition of many metals and is strongly exothermic. The metals 
are evidently general catalysts for this decomposition, even such inert elements as gold and 
palladium being effective agents, though much less potent than metals which occupy 
higher places in the electrochemical series. This general catalytic action of metals must 
be regarded as a catalysis of the decomposition of the non-ionic diazo-chloride, Ph-N°NCIl, 
and not as a decomposition of the diazonium kation (PhN,)*, for reactions of the latter 
would be capable of occurrence in aqueous solutions, in which circumstances copper seems 
to be the unique catalyst (Gattermann’s reaction, see below). It is possible that metals 
may catalyse the non-ionic decomposition by acting as electron donors, and a reaction of 
the type 
Ph-N:NCl + M- —> Ph: + N, + M*Cl- 
may occur, bringing about the liberation of a free aryl radical. 

Production of Diaryls.—Small quantities of diphenyl are invariably formed in this 
reaction, but in no case is more than about 5% of the diazonium chloride converted into 
this product. In accordance with the conclusions of Grieve and Hey (J., 1934, 1797; 
1938, 108; cf. Chem. Rev., 1937, 21, 169), the diphenyl can be regarded as the product of a 
secondary reaction between the primary product, benzene, and the phenyl radical, since 
it is formed even when the added metal takes no part in the decomposition. The evidence 
of Grieve and Hey, indicating that phenyl radicals always react with vicinal solvent 
molecules in these non-ionic decompositions of diazo-compounds, is supported by the fact 
that the yield of diphenyl is less than 59% when benzenediazonium chloride decomposes in 
acetone alone. When a solvent mixture of acetone and benzene is used, the reaction 


Ph: -+- C,H, —_ C,H,°C,H, ot H- 


becomes more prominent, and a yield of dipheny] of up to 25% of the weight of the benzene- 
diazonium chloride used can be obtained. The diphenyl can be produced either by heating 
benzenediazonium chloride in the mixed solvent, or by adding zinc dust and allowing the 
decomposition to proceed at room temperature. Moreover, the zinc chloride double salts 


of diazonium compounds can be employed. 
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The decomposition of aryldiazonium chlorides in mixed solvents, or in solutions of aro- 
matic compounds in acetone, is thus available as a method of preparation of unsymmetri- 
cally substituted diaryls. With the assistance of Mr. W. E. Hanby, it has been shown that 
a mixture of both «- and $-phenylnaphthalene is formed when benzenediazonium chloride, 
or its zinc chloride double salt, is decomposed in a solution of naphthalene in acetone by 
cautiously adding zinc dust. This decomposition can be controlled more easily than that 
of Méhlau and Berger (Ber., 1893, 26, 1196, 1994), who used no solvent, and may be found 
to be of more general utility than that of Grieve and Hey (J., 1938, 112), who used carbon 
tetrachloride as a solvent for naphthalene in their analogous studies of the decomposition 
of diazo-hydroxides, but found that the carbon tetrachloride brought about some replace- 
ment of the diazo-group by chlorine. The simultaneous production of the two isomeric 
phenylnaphthalenes is again evidence that the reaction is non-ionic and not affected by the 
normal polar directive influences. 

Production of Organo-metallic Compounds.—Two more elements—arsenic and tin— 
have now been found to yield aryl derivatives when allowed to react with benzenediazonium 
chloride under acetone. 

(i) Arsenic powder does not react in the cold; but, upon heating, derivatives of tri- 
phenylarsine are formed which indicate that triphenylarsine dichloride, Ph,AsCl,, is the 
probable primary reaction product. By evaporating the acetone solution, which results 
from this decomposition, and then extracting the residue with hot water, there can be 
isolated a colourless crystalline solid of m. p. 129°, which appears to be triphenylarsine 
phenoxyhydroxide, PhzAs(OPh)(OH), since on treatment with hydrogen sulphide in warm 
alcoholic solution it gradually reacts to give, in quantitative yields, triphenylarsine sulphide, 
Ph,AsS, and phenol. The substance, however, yields a neutral, non-conducting solution 
in aqueous alcohol which does not react with metallic salts, including ferric chloride, or 
with chloroplatinic acid. It is evident, therefore, that it is not an arsonium hydroxide, 
(Ph,As‘OPh)*(OH)-, or phenoxide, (Ph,As‘OH)*(OPh)- but a compound in which the 
arsenic atom possesses more than an octet of valency electrons, as indicated above. 

In contrast to both arsenic and antimony, bismuth did not yield an organometallic 
derivative, although bismuth chloride was formed. This may well be due to the lower 
stability of the organic bismuthines. A sample of vanadium metal, which readily dissolved 
in dilute hydrochloric acid, did not even react with the benzenediazonium chloride. 

(ii) Tin powder reacts slowly with benzenediazonium chloride in the cold, and a little 
diphenyltin dichloride, SnPh,Cl,, is formed. This observation is in accord with that of 
Nesmejanow, Kozeschkow, and Klimowa (Ber., 1935, 68, 1877; J. Gen. Chem. Russia, 
1936, 6, 167; see, A., 1936, A, 1004), who decomposed suspensions, in acetone or ethyl 
acetate, of the stannic chloride double salts of diazonium chlorides by means of various 
metals, including tin, and obtained thereby small yields of a number of diaryltin dichlorides. 
By using the corresponding plumbous and plumbic double chlorides, Nesmejanow and his 
colleagues (loc. cit., 1935; J. Gen. Chem. Russia, 1936, 6, 172; see A., 1936, A, 837) also 
obtained traces of lead aryls of the types PbAr,Cl and PbAr,Cl,, but did not use metallic 
lead to bring about these decompositions. No indications of the formation of lead aryls 
have been obtained in the course of the present work, but it is possible that the reaction 
occurred to give traces of material too minute for detection. 

Germanium and silicon, which have aryl derivatives analogous to those of tin, were both 
inert to benzenediazonium chloride, and this inactivity may be ascribed to the fact that 
both these elements form crystals with the covalent diamond structure. No silicon de- 
rivatives were formed when a sample of ferrosilicon, which readily gave silicon hydrides 
when treated with acid, was used. The inertness of the other elements of Group IV is in 
accord with their general chemical inactivity. 

The inertness of the metals of Group III is rather surprising, for these possess an odd 
number of electrons in their atomic structures. One can ascribe the relative inactivity of 
aluminium to oxide-film formation, but the complete inertness of cerium is more difficult 
to explain, since the specimen used reacted readily with cold water. Indium had about 
the same degree of reactivity as aluminium, but thallium again was inert. Very stable 
organo-thallic compounds may easily be prepared by other methods, and it was expected 
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that this metal would resemble gold, mercury, orlead. Attempts to prepare organometallic 
compounds by the direct addition of aryl radicals to the thallous ion of thallium carbonate 
and to the plumbous ion of lead carbonate were also unsuccessful. 

The sharply contrasting reactivity of the Group I metals is best illustrated by the 
element gold, which reacts slowly with benzenediazonium chloride at room temperature, 
and gives auric chloride. An unsuccessful search was made for phenylauric chlorides of the 
types described by Kharasch and Isbell (J. Amer. Chem. Soc., 1931, 58, 3053). The for- 
mation of phenylgold, or of the phenyl derivatives of copper and silver which have been 
described by Gilman and Straley (Rec. Trav. chim., 1936, 55, 821), would not be antici- 
pated in this reaction, for these compounds are almost certainly substances of ionic nature, 
e.g., Cu*Ph-, and so would not be formed readily by a reaction involving neutral radicals. 

Only two types of reactions with metals are to be expected of neutral radicals: (a) 
the metal may form a covalent molecule by direct addition, ¢.g., 


Ph: + -Hg: + °Cl! —> Ph‘Hg:Cl: 
or (b) it may act as an electron donor and be converted into a stable kation, ¢.g., 


Ag: + Cl! —>» Ag*(:C1:)- 


but the formation of an organic anion by reaction (0), ¢.g., 
Ag: + Ph: —> Ag*(Ph:)- 


is not a reaction which gives stable products of low energy content. Even in the triphenyl- 
methyl series, in which the anion may be stabilised by resonance, the reactions of the latter 
type, ¢.g., 

Na: + *CPh, —> Na*(:CPh,)- 


are reversible (compare Bent, J. Amer. Chem. Soc., 1930, 52, 1499; 1931, 53, 1789). For 
this reason fewer types of organometallic compounds can be prepared by the action of free 
radicals on metals than by means of the Grignard reagent, which will react even with metal- 
lic salts just as if it were itself an ionic compound, e.g., Ph>Mg**Br-. In exact accordance 
with this view, it has been found that when benzenediazonium chloride decomposes in the 
presence of metallic magnesium there is no formation of the Grignard reagent, MgPhCl, 
or of any of its possible reaction products with the acetone, ¢.g., phenyldimethylcarbinol. 
The production of both mesityl oxide and phorone, instead of chloroacetone, may be 
ascribed either to the formation of CH,-CO-CH,*MgCl from the chloroacetone, or to a 
dehydration of the acetone brought about by magnesium chloride in a corresponding 
manner to the dehydration brought about by calcium chloride. 

The Gattermann Reaction.—Chlorobenzene is invariably one of the minor reaction 
products of the decomposition of benzenediazonium chloride in acetone, and is a major 
product when the mixture is not kept neutral with chalk (J., 1937, 2011). One may 
therefore ascribe its formation, in the absence of a metal, to the secondary reactions 


Ph: -+- HCl —> Ph:Cl + H: (in acid solution) 
and 
Ph: + CH,Cl-CO-CH, —-> Ph:Cl + *CH,°CO-CH, (in neutral solution) 


rather than to a direct combination of the phenyl and chloride radicals. Hantzsch (Ber., 
1900, 33, 2534) has recorded that chlorobenzene may be obtained in up to 60% yield when 
benzenediazonium chloride is decomposed in very concentrated aqueous solution, or in 
concentrated hydrochloric acid, but that the yield falls off rapidly as the solution is diluted. 
This action again may be represented by the first of the equations above, which will only 
be possible when the probability of collision between a phenyl radical and an un-ionised 
hydrogen chloride molecule is high. 

In dilute aqueous solution, copper is the only effective metallic catalyst for replacing 
the diazo-group by chlorine, bromine, or pseudo-halogens (Gattermann, Ber., 1890, 23, 
1218), and even in acetone suspension its effect is outstanding, as Table II shows. 
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TABLE II. 


Yields of Chlorobenzene from Decomposition of Benzenedtazonium Chloride in Acetone. 


Metal catalyst Ti Vv Mn Fe Co Ni Cu Zn 
Chlorobenzene, % + trace + 3 20 1 2 60 0 


It is uncertain whether the metallic copper is itself attacked by the diazonium chloride. 
No cupric salts are formed, but cuprous chloride may be a reaction product. Unfortunately, 
one cannot place any reliance upon attempts to establish the presence of cuprous chloride 
by extracting the reaction product with hydrochloric acid or with ammonia, for both these 
reagents attack copper powder to some extent. Hantzsch and Blagden (Ber., 1900, 33, 
2544) have suggested that the Gattermann reaction is purely catalytic, and the present 
work does not controvert this view. It may be suggested tentatively that the Gattermann 
reaction, which takes place so well in dilute aqueous solution, is a reaction of the diazonium 
salt and not of the covalent diazo-chloride, for it most certainly has no generic relationship 
to any of the non-polar decompositions of benzenediazonium chloride, which occur under 


acetone in the presence of other metals. 


EXPERIMENTAL. 


All decompositions were carried out as described in Part II (J., 1937, 2012), standard quan- 
tities of 20 g. of benzenediazonium chloride, 15 g. of dry precipitated chalk, 150 c.c. of acetone, 
and 20 g. of clean powdered metal, except with the rarer elements, being used. Chloroacetone 
and benzene were identified as previously described, and chlorobenzene, when present in traces 
only, was identified by treating the mother-liquors of the nitrated benzene fraction with aniline 
and warming, whereupon a few mg. of 2: 4-dinitrodiphenylamine gradually crystallised. The 
residue from the removal of the acetone and benzene was distilled in steam, diphenyl and 
further traces of chlorobenzene separating. The percentage yields listed for these products 
are those of purified specimens. Metallic chlorides were frequently present in the aqueous 
residues from the steam distillations, and, in other listed cases, could be extracted from the 
excess of chalk by washing with water or dilute acid. Blank tests were always conducted to 
ascertain that the metal itself was not affected by the method adopted for the separation of its 
chloride. 

Elements known to form covalent organometallic compounds were examined in greater 
detail, the residues from the evaporation of the filtered acetone solutions, and also the solid 
residue containing the chalk, being, in each case, extracted with a series of solvents in which 
possible reaction products were known to dissolve. When only tarry material resulted, this 
was burnt, and the ash, if any, was tested for the presence of the element under investigation. 
When magnesium was used, the acetone filtrate set to a jelly on treatment with water. After 
decomposition with acid, this was extracted with ether, dried, and fractionated. There were 
obtained mesityl oxide (5 g.), b. p. 130° (2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 
200°; a-semicarbazone, m. p. 164°), and phorone, b. p. 190—210°, which solidified on standing. 
No chloroacetone was formed. 

Reaction with Arsenic.—The acetone solution from the arsenic reaction was evaporated, and 
the residue extracted with water. The aqueous solution, after filtration from tar, was saturated 
with hydrogen sulphide; the precipitate was collected and extracted with hot alcohol, leaving 
arsenious sulphide and sulphur. From the alcoholic solution triphenylarsine sulphide, m. p. 
164°, separated out (cf. Nature, 1938, 142, 1077) (Found: *C, 63-8; *H, 4-7; As, 22-3. Calc.: 
C, 63-9; H, 4-5; As, 22-25%). 

Triphenylarsine hydroxychloride, which is water-soluble, may therefore be present in the 
aqueous solution. It would be formed by the immediate hydrolysis of any triphenylarsine 
dichloride (compare Michaelis, Annalen, 1902, 321, 141). = 

When the extraction of the acetone residue was carried out with hot, very dilute, alcohol, 
a white solid crystallised on cooling, having m. p. 129° after crystallisation from dilute alcohol 
and then benzene: yield variable = 3—7 g. from 40 g. of benzenediazonium chloride. Analyses 
correspond to triphenylarsine phenoxyhydroxide, Ph,As(OPh)(OH) [Found: *C, 69-4, 69-6; 
*H, 5-1, 5-0; *As, 18-05; M (ebullioscopic in benzene, by method of Menzies and Wright, /. 
Amer. Chem. Soc., 1921, 48, 2314), 415 + 16. C,,H,,O,As requires C, 69-2; H, 5-1; As, 18-0%; 
M, 416}. The solution of the product in dilute alcohol was neutral, did not conduct electricity, 

* Analyses by Dr. G. Weiler, Oxford. 
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and gave no reactions with salts of heavy metals, including ferric chloride, or with chloro- 
platinic acid. The product (6-0 g.) was refluxed in methyl alcohol, and hydrogen sulphide was 
passed in for an hour. Crystalline triphenylarsine sulphide gradually separated. After further 
refluxing, the solution was diluted and the precipitate collected and weighed [4-9 g. = theoretical 
quantity for Ph,As(OPh)(OH) + H,S = Ph,AsS + PhOH + H,O]. Pure phenol was extracted 
from the residual solution, distilled (1-0 g. of pure distillate, b. p. 180°), and identified by con- 
version into phenyl benzoate, m. p. and mixed m. p. 69—70°. 

Reaction with Tin.—The acetone solution from this reaction was evaporated, the residue 
extracted with light petroleum (b. p. 60—80°), this extract evaporated, and the residue from it 
again extracted with light petroleum (b. p. 40—60°) and again evaporated. The resulting pale 
yellow solution was diluted with methyl alcohol and treated with ammonia, whereupon a white 
infusible precipitate of diphenyltin dihydroxide formed (0-3 g., dried), leaving in solution 
diphenyl and some ammonium chloride. Qualitative tests established that the infusible pre- 
cipitate was an organic tin compound, soluble in hydrochloric acid with regeneration of an oily 
petroleum-soluble product (compare Nesmejanow ¢¢ al., loc. cit.). 

Production of Diaryls.—(i) 20 G. of benzenediazonium chloride and 15 g. of chalk were 
warmed in a mixture of 50 c.c. of acetone and 100 c.c. of benzene, and finally refluxed for 1 hour. 
After cooling, the liquid was filtered, the excess of solvents removed, and the residue distilled 
in steam. The solid product was recrystallised from methyl alcohol and gave 4-6 g. of di- 
phenyl, m. p. and mixed m. p. 70°. 

(ii) To a similar cold mixture were added slowly, with cooling, 10 g. of zinc dust; a vigorous 
reaction occurred, and the reaction mixture, which contained no chloroacetone, yielded 5-0 g. 
of diphenyl. j 

(iii) (With W. E. Hansy.) The zinc chloride double salt of benzenediazonium chloride, 
from 20 g. aniline, was stirred with 15 g. of chalk in a mixture of 50 c.c. of acetone and 200 c.c. 
of benzene, and zinc dust (10 g.) was added in small portions. The reaction was completed by 
warming, and the diphenyl (6 g.) separated as before. When double this quantity of benzene 
was added, the yield of diphenyl was considerably reduced (3-3 g.). 

(iv) 20 G. of benzenediazonium chloride were suspended in a solution of 100 g. of naphtha- 
lene in 150 c.c. of acetone, and 10 g. of zinc dust were gradually added. The vigorous reaction 
was completed by refluxing, and the mixture was then filtered and fractionated. The portion 
of b. p. 300—330° (6 g.), which had a blue fluorescence, was collected separately. On cooling, 
part solidified. This solid was separated, recrystallised repeatedly from methyl alcohol, and 
yielded eventually pure $-phenylnaphthalene, m. p. 101—102°. The residual liquid portion 
was oxidised with chromic acid in glacial acetic acid solution and yielded o-benzoylbenzoic acid, 
m. p. and mixed m. p. 93—94° (hydrated), 127° (anhydrous). This establishes the presence of 
a-phenylnaphthalene (compare Grieve and Hey, J., 1938, 108). 

The yield of phenylnaphthalenes was slightly less when the zinc chloride double salt 
was used, but the reaction was less violent. Substitution of zinc shavings for zinc dust lowered 
the yield considerably. 

(v) 31 G. of 8-naphthylamine were diazotised in aqueous solution, the double zinc diazo- 
nium chloride was precipitated, washed with acetone, and then decomposed with zinc dust in a 
mixture of 50 c.c. of acetone and 200 c.c. of benzene. There were obtained 0-8 g. of pure B- 
phenylnaphthalene of the same m. p. and mixed m. p. as the previous specimen. 


The author thanks the Chemical Society for a grant from the Research Fund. 
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184. The* Mechanism of Addition to Double Bonds. Pari X. 
Kinetics of Association of cycloPentadiene. 


By H. KAuFMANN and A. WASSERMANN. 


The velocity coefficients of the bimolecular association of cyclopentadiene have been 
measured in three polar solvents and it has been found that the parameters of the 
Arrhenius equation, k = Ae~£/RT, are similar to those in non-polar solvents and in the 
gas phase. Hence, the energies of solution of two cyclopentadiene molecules and of the 
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gaseous transition state are approximately equal, and the collision number in the 
various solvents is of the same order of magnitude as that in the gaseous phase. 


It is of interest for the theories of solvent effects in chemical kinetics to compare the rate 
of one and the same homogeneous, bimolecular reaction in polar and in non-polar solvents 
and in the gas phase. The results of experiments described in this paper and in previous 
communications (J., 1936, 1028; this vol., pp. 362, 371, 381) enable such a comparison to 
be made. 

The reaction investigated is the diene association, 2 cyclopentadiene = dicyclopenta- 
diene. Velocity coefficients, k, of experiments at various temperatures are in Table I. 


TABLE I. 
Initial concn. k x 104 Initial concn. k x 104 
of C,H, (1. /g.-mol. of C,H, (1./g.-mol. 
Solvent. Temp. (g.-mol. /1.). min.). Solvent. Temp. (g.-mol. /1.). min.). 
CH,°CO,H 25-0° 1-311 1-2 EtOH 0° 2-675 0-17 
25-0 1-311 1-2 0 2-627 0-17 
25-0 0-583 1-3 25-0 2-386 1-5 
35-2 1-935 2-1 35-0 1-927 5-3 
53-1 1-283 10-0 55-0 2-107 16 
70-0 0-501 50-0 Ph-NO, 0 2-423 0-13 
CS, 0 2-820 0-078 0 1-820 0-13 
22-0 2-930 0-71 25-0 1-908 1-2 
35-1 2-460 2-4 35-1 1-766 3-0 
55-0 1-632 16 


The technique of the measurements was the same as that described in the previous work 
(locc. cit.). In acetic acid, the second-order velocity coefficients decrease in each run, 
probably owing to the reverse reaction or to a consecutive reaction; therefore the first 
six k values were obtained by extrapolating the observed velocity coefficients to zero time. 
In the other solvents recorded in Table I the association was of the second order and the 
k values are the means of the observed velocity constants. 

The activation energies, E, the velocity coefficients at 20° and the non-exponential A 
factors of the Arrhenius equation are in Table II, which also contains the temperature 
range and the number of temperatures at which the experiments have been carried out. 


TABLE II. 

Measurements in: CH,°CO,H. ‘EtOH. Ph-NO,. CS,. C,H,. CCl. C,H,.* Paraffin. Gas. 
E (kg.-cals.) .......+-+ 14741 164+ 08 1541 + 0-4 169 + 0% 164406 171404 1624081744 03 16-74 06 
Reger X 10" = (1./g.-mol. 
los ) 7 eons it pacceue 10f 19 13 9-3 66 79 56 Tf 98 _- 

= &- - 
mol CS one 60407 64406 55403 624 0:3 os nO 67493 584056 71402 614 04 
mM. TANGE .....-00s00e 25—70° 0-—55° 0—55° 0—35° 0—55° —2 to 80° —1to1l72° 79—150° 
No. of temps. ......-+ 4 4 4 3 "_" 5 10 7 9 
* cycloPentadiene. t+ Extrapolated to zero time. 


Evans and Polanyi (Trans. Faraday Soc., 1935, 31, 890) and Wynne-Jones and Eyring 
(J. Chem. Physics, 1935, 3, 492) deduced an equation which can be written in the form 
| — Egy = Ainitial state — transition state» Where the ’s are the energies of solution. 
The. data in Table II show that the activation energies in the polar and the non-polar 
solvents and in the gaseous state are approximately equal, and, therefore, the energies of 
solution of two gaseous cyclopentadiene molecules and of the cyclopentadiene-cyclopenta- 
diene transition state must be similar (cf. Wassermann, Trans. Faraday Soc., 1938, 34, 128). 
The figures in ll. 3 and 4 of Table IT show that the velocity coefficients and the kinetic A 
factors also are not markedly changed by the medium. The A values are products of 
steric factors and bimolecular collision numbers. If it is assumed that the steric factors 
in the two states are equal (cf. Trans. Faraday Soc., 1938, loc. cit.), it can be concluded that 
the collision number in polar solvents, in non-polar solvents, and in the gas phase is of the 
same order of magnitude. 


Tue Str WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. (Received, March 31st, 1939.) 
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185. Palladous Chloride as a Dehydrogenating Agent. 
By GrEorGE W. CooKE and J. MAssON GULLAND. 


Palladous chloride can dehydrogenate hydroaromatic and reduced heterocyclic 
compounds, and examples are given in which it oxidises to carboxyl a methyl group 
attached to an aromatic ring. 


THE steady growth of the chemistry of hydroaromatic compounds makes any method for 
their dehydrogenation worthy of investigation, more particularly if the reagents studied are 
efficacious at less drastic temperatures than are required in the customary oxidations by 
selenium and sulphur or in catalytic dehydrogenations. 

Several years ago Gulland and Macrae (J., 1932, 2231) observed that a boiling aqueous 
solution of palladous chloride completely oxidised piperidine to pyridine, and that the 
weight of the resulting palladium was a measure of the extent of oxidation. It was there- 
fore decided to investigate further this dehydrogenating action on other nitrogenous and 
alicylic compounds. 

The results, summarised in tabular form below, show that palladous chloride is unlikely 
to find general application asa dehydrogenating agent, but that in some cases it may perhaps 
prove more acceptable than selenium, especially where small quantities of material only are 
available. 

In addition to its dehydrogenating action on cyclic compounds, palladous chloride 
exhibited the unexpected property of oxidising to carboxyl a methyl group attached to the 
benzene ring, the examples being the conversion of toluene and o-cresol into benzoic and 
salicylic acids respectively. 

This investigation is concluded. 


EXPERIMENTAL. 


In order to illustrate the normal procedure, the experiment marked f in the summary ofresults 
is described below in greater detail. A mixture of tetrahydronaphthalene (0-099 g.) and 2% 


Summary of Resulis. 


2% Time Oxid- 
PdCl, of ation, 
Wt., soln., heating, % of 






Substance. mg. C.c. hrs. _‘theor.* Product isolated. , Remarks. 
Tetralin  .......cccscece 103 40 9 28 ~- 
+ 5 Senepenientonn 104 20 10 35 Naphthalene (picrate) Benzene added 
oe 99 25 33 98 _ 
Decalin ... - 44 25 20 17 Nil _— 
= ane - 48 25 20 6 Nil — 
sin. paindibapenenesibian 50 20 7 27 Naphthalene (odour only) At 200° in sealed tube 
cycloHexane ............ 30 15 15 15 Nil Very stable 
cycloHexanol ......... 50 20 10 35 Phenol — 
= neces 26 10 12 80 Confirmed by Folin—Denis estimation (J. Biol. 
Tol 403 170 20 28 ee 
en — — 
iggy TRC: 5ec.c. 100 20 — sBenzoic acid Large excess of toluene 
Dibenzyl  ..........000+ 105 10 12 +v.slight Nil laldehyde (2:4-di- R a Dee 
" Salicylaldehyde (2:4-di- Ratio cresol used/Pd deposited = 1°29 
O-CIEBO! «--0eeeeersererees ping R.. be bo nitrophenylhydrazone). px adjusted repeatedly. Ratio cresol used/Pd 
ST Pee Ty Salicylic acid deposited = 1°19 (calc., 2°97) 
2-Methylcyclohexanol 276 70 18 26 Salicylic acid — 
Methyl ethyl ketone 92 15 15 10 Nil Decolorisation of PdCl, solution indicating 
formation of complex 
Tetrahydrocarbazole 118 30 7 91 Carbazole _ 
Tetrahydroquinoline 328 50 14 102 — 
a 222 45 12 66 Quinoline (picrate) Additional HCI present 
Mas 134 25 15 110 _ 
208 + 30 15 95 = 
Tetrahydroiso- 234 30 15 50 isoQuinoline (hydroferro- Additional HCl present 
quinoline hydro- 289 35 22 88 cyanide; Cumming, J., pH adjusted at 12 hours 
chloride 38 50 16 130 1922, 121, 1287) pH adjusted at 5 and 8 hours 
509 70 15 119 iH adjusted at 6 and 12 hours 
2-Methyltetra- 126 25 19 114 —_ 
hydro#soquinoline 155 20 14 115 2-Methyl-1 : 2-dihydroiso- px adjusted at 10 hours 
hydrochloride 228 50 12 105 quinoline reineckate tH adjusted at 9 hours 
246 50 12 91 te) adjustment 
Stilbazole ...........00++ 99 10 2 Nil Nil Yellow, crystalline complex salt deposited 
Cholesterol .........+++ 1000 100 20 —- — Oxidation very slow. Chromatograph of pro- 


ducts in ultra-violet light resembles that after 
Se oxidation (Diels and Rickert, Ber., 1935, 
68, 267) 

* The figures in this column are calculated from the weight of palladium deposited. 
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aqueous palladous chloride solution (excess, actually 25 c.c.) containing the lowest possible 
concentration of hydrochloric acid consistent with retention of the palladous chloride in solution, 
was boiled under reflux for 33 hours. The precipitated palladium (0-1568 g. when dried) was 
collected, and both precipitate and filtrate were extracted thoroughly with benzene. The 
benzene was dried and evaporated, and the residue was dissolved in a little alcohol and mixed 
with alcoholic picric acid. Crystalline naphthalene picrate separated, m. p. 149°, not depressed 
by an authentic specimen. 

The actual method of separation of the organic from the inorganic products of reaction 
varied in different cases. Sometimes extraction with organic solvents was used as described 
above; in other cases, notably those of the basic nitrogenous compounds, the palladochlorides 
were decomposed by excess of alkali, and the bases volatilised in steam. 

It will be observed in the table that certain of the oxidations do not proceed so smoothly or 
so completely as that just described. The reasons for these incomplete oxidations are not 
entirely clear, but several factors seem to be in operation. In the first place successive oxid- 
ations under apparently similar conditions do not always proceed to the same extent, as is 
shown by the two experiments with cyclohexanol. 

Secondly, some oxidations come to a standstill while the mixture still contains considerable 
quantities of unchanged reactants. There are at least two reasons for such incomplete oxidation, 
which are discussed below. One is the presence of too high a concentration of hydrogen chloride, 
either in the initial solution of palladous chloride (experiments with tetrahydroquinoline and 
tetrahydroisoquinoline) or produced as a result of the oxidation. Some reactions are more 
easily inhibited than others by this acidity, and in order to bring these to completion the 
hydrogen-ion concentration was adjusted to be just acid to Congo-red by the addition of small 
quantities of dilute sodium hydroxide solution at intervals during the reaction. Such adjust- 
ments must be done carefully, because in absence of sufficient hydrogen chloride palladous 
oxide, formed by hydrolysis, is precipitated and subsequently weighed with the palladium, 
thus giving rise to yields of apparently over 100%. Such hydrolysis became very marked when 
an attempt was made to control the acidity by additions of an excess of calcium carbonate to 
the mixture. 

The other cause of incomplete oxidation is simply a cessation of oxidation after a definite 
percentage of material has been oxidised, irrespective of the concentration of acid, its neutralis- 
ation, the concentration of reactants, and the duration of heating. An example of this effect 
is found in the experiments with o-cresol, in which unchanged palladous chloride and o-cresol 
were recovered from the mixtures. The phenomenon finds a parallel in the peak efficiency 
at 30% recorded by Stiller and Rosenheim (J., 1938, 353) in the oxidation of cholestanone to 
cholestane-2 : 3-dione by selenium dioxide, where a large excess of the oxidant remained and 
unchanged cholestanone could be recovered. 

Unsuccessful efforts were made to increase the rates of oxidation of substances which are 
sparingly soluble in water by the addition of organic solvents to the oxidation mixture. Alcohol 
is oxidised by palladous chloride, acetone and pyridine form non-reducible complexes with it, 
and benzene failed to improve the rate of oxidation of tetralin. Some attempts were made to 
use dry organic solvents in the case of such water-insoluble substances. Palladous chloride 
is not readily soluble in such liquids, but solutions in boiling phenol and nitrobenzene, although 
very dilute, might be used and have the advantage of boiling at high temperatures. A boiling 
ethyl benzoate solution of palladous chloride deposited the metal, but a solution in ethyl 
acetate (0-68 g. of palladous chloride in 100 g. of solvent) was more satisfactory, although the 
results were not superior to those obtained with an aqueous solution. 


We acknowledge with pleasure our indebtedness to the Department of Scientific and 
Industrial Research for a maintenance grant to one of us (G. W. C.). 
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186. 4-Thiopyridone and Derived Substances. 
By Haroitp KinG and LANCELOT L. WARE. 


The object of this investigation was the preparation of pyridine-4-sulphonamide 
for a comparison of its therapeutic properties with sulphanilamide, to which it shows 
close structural similarity. This object has not been attained, since sodium pyridine- 
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4-sulphonate on treatment with phosphorus pentachloride gives 1-4’-pyridylpyridine- 
4-imine or 1-4’-pyridyl-4-pyridone depending on the manner in which the product is 
worked up. The starting material, 4-thiopyridone, has been characterised by the 
preparation of a number of derivatives and attempts to make the sulphony] chloride or 
bromide by the action of chlorine or bromine on thiopyridone yielded di-4-pyridyl 
sulphide, di-4-pyridyl disulphide, and 4-chloropyridine. The results bring out the 
tendency of the pyridine nucleus to duplicate itself under the action of appropriate 
reagents, as has previously been observed by Arndt (Ber., 1932, 65, 92) and Koenigs and 
Greiner (Ber., 1931, 64, 1049). 


THE remarkable success of the sulphanilamide group of drugs in the treatment of diseases 
of bacterial origin is a landmark in chemotherapy. The majority of the substances of 
proven activity contain the structure (I). The state of combination of the sulphur and 
nitrogen atoms can be widely varied with retention of activity, and certain French workers 
have suggested that the active bactericidal agent is the hydroxylamine formed by oxid- 
ation or reduction as the case may be. This view of the mechanism might be put to the 
test by the preparation of pyridine-4-sulphonamide (II), since if this substance was active, 
its activity could not be ascribed to the formation of a hydroxylamine. Apart from this 
consideration pyridine-4-sulphonamide, which shows close structural similarities to sulph- 
anilamide (III), might itself possess desirable bactericidal properties. Unfortunately all 
attempts to prepare this substance have so far failed; the experimental results obtained 
are, however, not devoid of interest. 


—s¢ N- N sOyNH, NH SO,NH, HN YS 


(I.) (II.) (IIL.) (IV.) 


The starting material, 4-thiopyridone (IV), was obtained in 80% yield by the action of 
phosphorus pentasulphide on 4-pyridone. It was characterised by preparation of the S- 
methyl ether, the corresponding sulphone, the S-methyl ether methiodide and by the prepar- 
ation of pyridine-4-thioacetic acid. On oxidation with hydrogen peroxide in presence of 
alkali it was quantitatively converted into sodium pyridine-4-sulphonate. By the action 
of phosphorus pentachloride on the anhydrous form of this salt under the mildest conditions 
there was no evidence for the formation of a sulphonyl chloride and on treatment with 
ammonia at —5° no sulphonamide was formed. The main product of the reaction was a 
new base, 1-4’-pyridylpyridine-4-imine (V), which formed well-crystallised salts, ¢.g., a 
mono- and a di-nitrate, a monohydrochloride, a dipicrate, and a diaurichloride. The con- 


v,) N >-N =NH ¥ > >o (VI) 


stitution of the base follows since only para-positions are involved in the reaction and the 
base is quite different from di-4-pyridylamine, for a specimen of which for comparison 
purposes we are indebted to Prof. E. Koeings of Breslau. Furthermore, if the reaction 
product of sodium pyridine-4-sulphonate and phosphorus pentachloride is treated with 
water instead of ammonia, 1-4'-pyridyl-4-pyridone (VI) is formed as a very soluble base. 
It was characterised as its dipicrate and aurichloride. The properties of the base and 
picrate agree with those described by Arndt and Kalischek (Ber., 1930, 63, 587; Arndt, zbid., 
1932, 65, 92) for this substance. There are small quantities of other substances produced 
in the reaction, two of which were identified through their picrates as 4-pyridone and 
4-chloropyridine. 

Sulphony] chlorides and sulphonyl bromides have been obtained in some cases by the 
action of chlorine or bromine on a thiol in acetic acid solution (Zincke and Frohneberg, 
Ber., 1910, 48, 840). When this reaction was applied to 4-thiopyridone, di-4-pyridyl 
sulphide, m. p. 71°, and 4-chloropyridine were obtained by the action of chlorine and 
di-4-pyridyl disulphide, m. p. 75°, by the action of bromine. 

We are indebted to Dr. L. Colebrook of Queen Charlotte’s Maternity Hospital, Hammer- 
smith, for examining ammonium pyridine-4-sulphonate and pyridine-4-thioacetic acid for 
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antistreptococcal activity in infected mice. Neither substance exhibited any curative 
action. 


EXPERIMENTAL. 


4-Pyridone.—Chelidonic acid was prepared as described in ‘‘ Organic Synthesis,” 17, 40.* 
For the successful decarboxylation of chelidamic acid to 4-pyridone it is essential to have pure 
chelidamic acid. The following process (compare Lerch, Monatsh., 1884, 5, 402) gives almost 
quantitative yields. Chelidonic acid (20 g.), m. p. 266—267°, in dilute aqueous ammonia 
(100 c.c.; 10%) was heated on the water-bath for 4 hours, and the mixture evaporated to dry- 
ness under reduced pressure. The residue was dissolved in water (100 c.c.), and hydrochloric 

. acid (10 c.c.; 32%) added to the boiling solution in insufficient quantity to produce a permanent 
precipitate. At this stage the solution was treated with charcoal, and the chelidamic acid 
precipitated by addition of hydrochloric acid in excess (20 c.c.; 32%). 

Batches of chelidamic acid (50 to 60 g.) were heated at 200° in a distillation flask immersed 
in an oil-bath until all the water had been driven off. The temperature was then raised to 
260°; evolution of carbon dioxide took place smoothly. When this process was over, the 
4-pyridone was distilled at 3 mm. (yield, 95%). 

4-Thiopyridone.—Finely powdered 4-pyridone (40 g.) was intimately ground with finely 
powdered phosphorus pentasulphide (81 g.). (The use of a 40-mesh sieve for both components 
is an advantage, as it lowers the temperature of reaction considerably.) When the mixture was 
heated to 60—70°, a vigorous reaction ensued. The reddish-brown crystalline mass was de- 
composed by water (100 c.c.), and the solution filtered and neutralised to about pg 6 by addition 
of 50% scdium hydroxide solution (80 c.c.). After a few hours some crude 4-thiopyridone 
separated and was collected and the remainder was extracted from the aqueous salt solution by 
mixing it with several portions of alcohol until the extracts were no longer yellow. The crude 
4-thiopyridone was dissolved in the combined alcoholic extracts, and the solution then evapor- 
ated to dryness. A solution of the residue in boiling absolute alcohol (100 c.c.) (charcoal) was 
filtered and concentrated for crystallisation; yield 43-5 g., 86%. 4-Thiopyridone crystallises 
well from methyl alcohol in pale yellow, flattened, hexagonal plates, m. p. 186° with previous 
sintering. It sublimed readily and was easily soluble in water (Found :¢ C, 54-0, 54-1; H, 4-6, 
4-7; N, 13-0, 13-2. C,H,NS requires C, 54-0; H, 4:5; N, 12-6%). The picrate separated 
from water in pale yellow needles, m. p. 222° (decomp.) with reddening at about 155° (Found : 
C, 39-0, 39-0; H, 2-5, 2-4; N, 17-2, 17:3. C,;H;NS,C,H,;0O,N, requires C, 38-8; H, 2-4; 
N, 165%). 

4-Methylthiopyridine.—4-Thiopyridone (2-22 g.) was dissolved in boiling alcohol (20 c.c.) 
and when the temperature had fallen to 50° methyl iodide (2-9 g.) in alcohol (5 c.c.) was added. 
On cooling, a quantitative yield of 4-methylthiopyridine hydriodide separated. For analysis it 
was crystallised from ethyl alcohol, in which it was sparingly soluble, separating in orange- 
yellow prisms, m. p. 170° (Found: C, 28-4, 28-6; H, 3-5, 3:3; N, 5-9, 5-9. C,H,NS,HI 
requires C, 28-4; H, 3-2; N,5-5%). The free base was extracted from an alkaline solution with 
ether. The ethereal solution was dried over barium oxide and on evaporation gave an oil, 
which crystallised on cooling to 0° and then separated from light petroleum in colourless pris- 
matic needles, m. p. 44—45° (Found: C, 56-8, 57-0; H, 5-6, 5-4; N, 10-9, 10:8. C,;H,NS 
requires C, 57-5; H, 5-6; N, 11-2%). The picrate, chrome-yellow prismatic needles from 
water, melted at 245° (Found: C, 40-8, 40-8; H, 3-1, 3-0; N, 15-4, 15-3. C,H,NS,C,H,O,N; 
requires C, 40-7; H, 2-9; N, 15-8%). 

4-Methylsulphonylpyridine.—4-Methylthiopyridine (0-8 g.) in dilute acetic acid (20%) was 
shaken with aqueous permanganate (3%) until a permanent pink colour appeared. The slight 
excess was removed with sulphur dioxide, the solution evaporated to dryness, and the residue 
extracted with ether in presence of 2N-sodium hydroxide. The ethereal solution was dried 
over barium oxide and on distillation gave an 80% yield of the crystalline sulphone, which separ- 
ated from hexane in needles, m. p. 81° (Found: C, 46-1, 46-0; H, 4-7, 4:5; N, 8-9, 8-8. 
C,H,O,NS requires C, 45-8; H, 4-5; N, 8-9%). 

Pyridine-4-thioacetic Acid.—4-Thiopyridone (1-1 g.) in water (5 c.c.), when mixed with 
chloroacetic acid (0-94 g.) in water (5c.c.), settoa paste. Sodium bicarbonate (0-84 g.) was added 
and when evolution of carbon dioxide had ceased the product was collected and washed with 
water; yield, 95%. It crystallised from boiling water, in which it was sparingly soluble, in 


* Ethyl acetonedioxalate is therein (p. 41) wrongly described as ethyl chelidonate. 
¢ All analyses except Na values are micro. 
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small, colourless, prismatic needles, m. p. 270° (efferv.) (Found: C, 50-5, 50:3; H, 4-2, 4-3; 
N, 8-9, 88. C,H,O,NS requires C 49-7; H, 4:2; N, 83%). The sodium salt crystallised 
from 60% alcohol in colourless parallelepipeds (Found: Na, 11-9. C,H,O,NSNa requires Na, 
120%). 

4-Methylthiopyridine Methiodide.—4-Methylthiopyridine (1-25 g.) was digested on the water- 
bath for 4 hours with methy] iodide (4 g.) in alcohol (10 c.c.). The cooled solution set to a mass 
of crystals of the methiodide. This salt was very soluble in water, but crystallised from ethyl 
alcohol in prismatic needles, m. p. 177° (Found: C, 31-2, 31-4; H, 3-7, 3-7. C,H, NIS requires 
C, 31-4; H, 38%). 

Sodium Pyridine-4-sulphonate.—4-Thiopyridone (55-5 g.), dissolved in 2n-sodium hydroxide 
(250 c.c.), was treated, dropwise, with ‘‘ perhydrol” (171 c.c.; 30% H,O,) with external 
cooling. Reaction was completed by heating on the water-bath. On concentration successive 
crops of sodium pyridine-4-sulphonate were collected; yield, almost quantitative. The salt 
was very readily soluble in water and crystallised in needles containing water of crystallisation 
(Found: Loss at 145°, 16-4. C,;H,O,NSNa,2H,O requires H,O, 16-6%. Found for the dried 
solid: Na, 12-7. C,;H,O,NSNa requires Na, 12-7%). — 

1-4'-Pyridylpyridine-4-imine (V).—Anhydrous, finely powdered sodium pyridine-4-sulph- 
onate (9-06 g.) and phosphorus pentachloride (10-4 g.) were heated in a bath to 90°; a vigorous 
reaction then occurred, accompanied by distillation of a mixture containing phosphorus oxy- 
chloride and thiony] chloride (8-1 g.), the last traces of volatile products being removed by suction. 
The residual solid brown mass was cooled and straightway added to 28% aqueous ammonia 
(100 c.c.) cooled to —5°. There was no marked rise of temperature. The deep violet solution 
was separated from a dark by-product (1-2 g.) and evaporated with 2n-sodium hydroxide 
(20 c.c.) at 50° under reduced pressure until all free ammonia had been removed; it was then 
made faintly acid with hydrochloric acid and evaporated to dryness under reduced pressure. 
The solid residue was boiled with dry methyl alcohol, and the solution filtered from inorganic 
salts (5-2 g.) and concentrated, whereby unchanged sodium pyridine-4-sulphonate (2-55 g.) and 
pyridylpyridineimine hydrochloride (1-6 g.) were obtained. The solvent of the residual mother- 
liquor was replaced by water and on addition of sodium nitrate pyridylpyridineimine dinitrate 
(1-5 g.) was obtained, and finally, by careful addition of picric acid to the mother-liquor, pyridyl- 
pyridineimine dipicrate (0-17 g.). The yield of pyridylpyridineimine allowing for recovered 
sodium pyridinesulphonate is 61%. When 1-3 molecular proportions of phosphorus penta- 
chloride were used, there was an increase in the weight of pyridylpyridineimine salts obtained. 
When the ammonium salts were not removed by sodium hydroxide, a 30% yield of ammonium 
pyridine-4-sulphonate was obtained, which crystallised from methyl alcohol, in which it was 
sparingly soluble, or preferably from water, in which it was very soluble, in long needles, m. p. 
257° (efferv.) (Found for solid dried in a high vacuum at 80°: C, 33-7, 33-9; H, 4-5, 4:5; N, 
15-5, 15-5. C,H,O,N,S requires C, 34:1; H, 4:6; N, 159%). From the mother-liquors, 
pytidylpyridineimine salts could be isolated as described above. 

Pyridylpyridineimine hydrochloride crystallises readily from water in long prismatic needles, 
m. p. 100°, but when dried has m. p. 280° (Found for air-dried material: C, 44-4, 44-4; H, 5-9, 
5-7; Cl, 12-9, 12-9; loss at 100°, 22-9. C,)H,N;,HC1,3$H,O requires C, 44:3; H, 6-3; Cl, 131; 
3-5H,O, 23:3%. Found for solid dried at 100°: C, 58-0, 58-2; H, 4-9, 5-0; N, 20-6, 20-5; 
Cl, 16-7, 16-8. C,,H,N,,HCl requires C, 57-8; H, 4:9; N, 20-3; Cl, 17-1%). This salt also 
crystallises from water in plates which again correspond to a hydrate with 34H,O (Found : 
C, 44-4, 44-3; H, 5-8, 6-0; Cl, 12-9, 13-1%). Both crystalline forms give the same dipicrate. 
The dinitrate is a characteristic salt not very soluble in water and crystallising in needles, m. p. 
226° (decomp.) (Found: C, 40-5, 40-3; H, 3-8, 3-6; N, 23-7, 24-0. C, sH,N;,2HNO, requires 
C, 40-4; H, 3-7; N, 236%). The mononitrate, needles, also obtainable by the action of 
ammonium nitrate on a soluble salt, has m. p. 255° (decomp.) (Found: C, 51-3, 51-1; H, 4-3, 4-2; 
N, 23-4, 23-6. C,,H,N;,HNO, requires C, 51-3; H, 4-3; N, 23-9%). The dipicrate is sparingly 
soluble in water and crystallises in small prisms with some fasciation. It melts at 216° when 
air-dried but at 227° (decomp.) when previously dried at 100°. This property is probably 
connected with the hydration of the picrate (Found: C, 40-8, 40-9; H, 2-8, 2-9; N, 19-1, 19-3. 
C,.H,N;,2C,H,O,N;,H,O requires C, 40-8; H, 2:7; N, 195%). 1-4'-Pyridylpyridine-4-imine 
is liberated as an oil, which gradually crystallises in needles, on addition of a strong alkali to a 
concentrated solution of a salt. This form is probably hydrated and melts at 70°. It is very 
difficult, owing to its great solubility, to free it from traces of inorganic salts. An anhydrous 
form, m. p. about 160°, can however be obtained in small quantities from organic solvents. 
This form is also obtained by micro-sublimation or distillation. The base is, however, unstable 














[1939] King and Ware: 4-Thiopyridone and Derived Substances. 877 


to heat, readily forming red uncrystallisable oils. The anhydrous form, m. p. 160°, gives the 
characteristic nitrate. The hydrated form of the base, dissolved in n-hydrochloric acid and 
treated with aurichloric acid solution (5%) in excess, gives a diaurichloride, needles, m. p. 280° 
(Found: C, 14-5, 14-6; H, 1-5, 15; N, 5-2, 5-1; Au, 46-1, 46-0, 46-2. C,,H,N;,2HAuCl, 
requires C, 14:1; H, 1:3; N, 4:9; Au, 46-3%). 

1-4'-Pyridyl-4 pyridone (V1).—When sodium pyridine-4-sulphonate (9-06 g.) and phosphorus 
pentachloride were allowed to react exactly as described in the previous experiment and the 
dry reaction product was added to ice-cold water instead of ammonia, 1-4’-pyridyl-4-pyridone 
was the main product instead of pyridylpyridineimine. When the aqueous solution was treated 
with picric acid (8 g.), pyridylpyridone dipicrate (6-7 g.; m. p. 195°) was obtained as the main 
product. On crystallisation from water the pure dipicrate had m. p. 202° (Found: C, 40-8, 
40-8; H, 2-5, 2-5; N, 17-4, 17-2. Calc. for CygH,ON,,2C,H,;0,N;,H,O: C, 40-7; H, 2-5; 
N, 17:°3%). Arndt and Kalischek (Ber., 1930, 63, 593) give m. p. 198° and record an analysis, 
for nitrogen only, in agreement with an anhydrous dipicrate. The aurichloride, prepared from 
the base regenerated from the pure picrate, crystallised in tufts of very small needles, m. p. 
about 226° (Found: C, 22-4, 22:3; H, 1-9, 1-9; Au, 35-7, 35-8. C,H,ON,,HAuCl,,2H,O 
requires C, 21:9; H, 2-4; Au 36-0%). 

The picric acid mother-liquors were carefully fractionated and gave a small quantity (0-19 g.) 
of 4-pyridone picrate, m. p. 240° (Found: C, 40-4, 40-7; H, 2-4, 2-4; N, 17-5, 17-4. 
C,H,ON,C,H,O,N, requires C, 40-7; H, 2-5; N, 17-3%). Arndt and Kalischek (loc. cit.) 
describe this picrate, m. p. 238°, but give no analysis. A third picrate, obtained in smaller 
quantity (75 mg.) as fine needles, containing chlorine, proved to be 4-chloropyridine picrate, 
m. p. 146° (Found : C, 38-7, 38-8; H, 2-2, 2-3. C;H,NCI,C,H,O,N, requires C, 38-5; H, 2-1%). 
A fourth picrate (82 mg.), m. p. 222° (Found: C, 40-9, 40-9; H, 2-6, 2-5; N, 18-7, 18-9%), 
could not be identified. 

Action of Chlorine on 4-Thiopyridone.—Thiopyridone (5 g.) in 90% acetic acid (50 c.c.) was 
treated with an excess of chlorine at room temperature. The clear solution was evaporated to 
dryness under reduced pressure below 50°, and the residue decomposed with 28% aqueous 
ammonia (100 c.c.) at 0°. The oil which separated was taken up in ether and finally fraction- 
ated. It gave 4-chloropyridine, b. p. 50°/11 mm., as a mobile colourless liquid with an odour 
similar to that of pyridine. When kept, this fraction deposited orange amorphous flocks, but 
the picrate, m. p. 147°, was stable (Found: C, 38-4, 38-7; H, 2-1, 2-1; Cl, 10-8, 10-5. Calc. : 
C, 38-5; H, 2-1; Cl, 10-4%). A higher fraction (0-9 g.), b. p. 155°/1-5 mm., rapidly set to a 
crystalline mass, m. p. 71°, and proved to be di-4-pyridyl sulphide (Found: C, 64-0, 63-9; 
H, 4:3, 4-4; S, 18-2. C,,H,N,S requires C, 63-8; H, 4:3; S, 17-7%). It gave a dipicraie, 
m. p. 229°, crystallising from methyl alcohol in glistening needles (Found: C, 41-0, 41-1; H, 
2-5, 2-5; N, 17-9. C,)H,N,S,2C,H,O,N, requires C, 40-9; H, 2-2; N, 17-3%). 

Action of Bromine on 4-Thiopyridone.—Thiopyridone (1-11 g.) in glacial acetic acid (35 c.c.) 
was treated dropwise with 6 atoms of bromine (4-8 g.). There was immediate deposition of an 
orange-yellow solid. The flask was sealed and kept at 37° for 2 months. The solvent was 
removed under reduced pressure, and the residual solid treated with 30% aqueous ammonia 
(250 c.c.) at —10°. A crystalline base separated (0-7 g.), which proved to be di-4-pyridyl 
disulphide, m. p. 74—75°, depressed by admixture with dipyridyl sulphide to 48° (Found: C, 
54:8; H, 3-5. C,H,N,S, requires C, 54-5; H, 3-7%). This base was readily soluble in most 
solvents except ligroin and low-boiling petroleum. It crystallised from water in plates. The 
dipicrate was obtained in needles, usually twinned, by mixing the components in methyl alcohol ; 
it was very sparingly soluble in all boiling solvents and had m. p. 231° (Found: C, 39-0, 39-1; 
H, 2-2, 2-2; S, 9-7, 9-6. CygH,N,S,,2C,H,O,N, requires C, 38-9; H, 2-1; S, 94%). The 
original ammoniacal liquors on concentration to a very small volume gave a further quantity 
of the same disulphide (0-11 g.). 

The same disulphide was obtained in an attempt to prepare the sulphinic acid by the action 
of hydrogen peroxide on 4-thiopyridone in the presence of zinc oxide. On acidification with 
hydrochloric acid a zincichloride separated, m. p. above 300° (Found: C, 27-0, 27-0; H, 2-7, 
2-6; Cl, 33-2, 32-9. C,9H,N,S,,H,ZnCl,,4H,O requires C, 27-4; H, 2-5; Cl, 32.4%). The 
base was regenerated by alkali and ether and proved identical with that obtained by the action 
of bromine and gave an identical picrate. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
Lonpon. N.W. 3. [Received, April 6th, 1939.] 
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187. Absorption Spectra of Some Naturally-occurring Naphthaquinones 
and their Derivatives. 


By R. G. Cooke, A. KILLEN MAcBETH, and F. L. WINzor. 


The absorption spectra of lapachol and lomatiol are in close agreement with that 
previously recorded for phthiocol (J., 1937, 1597), and their derivatives of authentic 
1:4- and 1: 2-naphthaquinone structure show maxima characteristic of a- and B- 
naphthaquinones. The recently isolated colouring matter, dunnione, gives an 
absorption curve characteristic of a B-quinone and similar to that of dehydroiso- 
8-lapachone, the structure of which is analogous to that proposed for dunnione by 
Price and Robinson (Nature, 1938, 142, 147). 

The effect of «8-unsaturation in the side chain expressed itself in the absorption 


of the naphthaquinones examined in the replacement of the band due to c=c-cO 
(A ca. 3330) by an inflexion at the same location, and by displacement towards longer 


wave-lengths of the long-wave-length bands. 
The absorption spectrum of dehydrolapachone, although favouring the B-quinonoid 
structure, is, like the chemical evidence available, not strictly discriminative. 


In previous work (J., 1935, 325; 1937, 1597) it was shown that the characteristic absorption 
spectrum of 1 : 4-naphthaquinone is considerably modified by the introduction of one or 
more hydroxyl groups, but acetylation causes a reversion to the simple 1 : 4-quinone type. 
Differences in absorption due to the 1 : 2-naphthaquinone structure were noted in the case 
of 4-methoxy-1 : 2-naphthaquinone, the data for which were in excellent agreement with 
those previously recorded for 1 : 2-naphthaquinone (Goldschmidt and Graef, Ber., 1928, 
61, 1862). In these cases the band (A 3300 A.) of the 1 : 4-naphthaquinones due to the 


_ 
carbonyl group in the system -C—C—C—O still persists, but an additional band at 
longer wave-length (ca. 2 4000 A.) is also present. It seemed probable that the latter could 
be regarded as a criterion of 1 : 2-naphthaquinone structure, but on account of the limited 
number of substances examined it was considered advisable to extend the observations. 
Derivatives of lapachol and lomatiol of authentic 1: 2- and 1 : 4-structure are available 
for such work, and their aa spectra show effects similar to those previously recorded. 
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As there is no conjugation in the side chains in lomatiol, isolomatiol, lapachol, and 
dihydroxyhydrolapachol, the absorption spectra of these substances should not differ 
materially from that of phthiocol (3-hydroxy-2-methyl-1 : 4-naphthaquinone). This is 
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realised in practice. Also, the spectra of the acetates of lomatiol and lapachol are found 
to be in close agreement with that of phthiocol acetate, which is characteristic of the 1 : 4- 
naphthaquinone type, the long-wave inflexion of the hydroxynaphthaquinones being 
suppressed. a-Lapachone and lapachol methyl ether have absorption spectra in which the 
inflexion at long wave-lengths, although not as pronounced as in the free hydroxy- 
compounds, is not affected to the same extent as in the acetates. 

Additional data concerning the absorption characteristic of the 1 : 2-naphthaquinone 
structure are available from the spectra of 6-lapachone, bromo-$-lapachone, hydroxy-f- 
lapachone, and dehydroiso-$-lapachone. These all show the band at long wave-lengths 
previously recorded for 1 : 2-naphthaquinones, the extinction coefficients in all cases being 


Fic. 1. Fie. 2. 


2500 3000 3500 400 4500 =, = 2500 5000 3500 


I, Lomatiol . I. Lapachol 
II. Lomatiol diacetate \ II. Lapachol acetate 


of remarkable constancy. It would thus seem that this maximum, in conjunction with the 
keto-band, might safely be taken as a criterion of the 8-naphthaquinone structure. 

Price and Robinson (Nature, 1938, 142, 147) described the examination of a pigment, 
dunnione, which occurs as a deposit on the leaves and inflorescences of Streptocarpus Dunnit 
Mast. Its reactions suggested that dunnione is 2: 3 : 3-trimethyl-6 : 7-benzocoumaran- 
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4: 5-quinone or the isomeride with the gem-dimethyl group attached directly to oxygen. 
The absorption of dunnione confirms the 1 : 2-naphthaquinone structure, and its curve 
(Fig. 7) is practically identical with that of dehydrozso-f-lapachone, to which, on the above 
view, it is closely related structurally. 

Acidification of the alkaline solution of dunnione under certain conditions liberated 


Dunnione. 
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a new colouring matter, isodunnione, which was tentatively regarded as an «-naphtha- 
quinone derivative. Its absorption spectrum has also been examined, but since it is not 
similar to that of «-lapachone, as would be expected on the above view, and is unlike that 
of any of the «-naphthaquinones of this series, the 1 : 4-naphthaquinone structure does not 
appear probable. The most obvious differences are the occurrence of only one band in 
the region of short wave-length and the appearance of a band in the region of long wave- 


Fic. 7. 


2500 3000 3500 , 4500 5000 5500 
 * Dunnione. 
Il. isoDunnione, 


length beyond that due to the conjugated keto-group. The maxima for the «- and p- 
naphthaquinones discussed above are recorded in Table I, and typical curves are set out 
in Figs. 1—7. 


TABLE I.* 

Amex. Ae loge. Amax, A» loge. Ama, A- loge. Amax.,, A loge. 

1 : 4-Naphthaquinones. 
4-28 2810 4-18 3310 
4-38 2780 4-28 3310 
4:38 2795 864-17 3310 
isoLomatiol 4-45 2785 4-28 3310 
Lapachol methyl ether 4-35 2765 4-22 3330 
a-Lapachone 4-41 2810 4-18 3325 
Phthiocol acetate 4-18 2670 4-06 3330 
Lapachol acetate 4-34 2670 4-30 3335 
Lomatiol diacetate 4:34 2665 4-26 3335 

1 : 2-Naphthaquinones. 
Methoxy-1:2-naphthaquinone 2500 4-35 2730 =. 3-78 3333 , 4030 
-Lapachone 2 4-45 2820 =. 3-98 3330 ° 4295 
romo-f-lapachone 4-50 2820 3-93 3335 , 4255 
Hydroxy-f-lapachone 4-44 2835 3-88 3312 : 4310 


Dehydroiso-B-lapachone 4-53 2855 3-94 3335 . 4425 
Dunnione 4-53 2865 3-85 3320 , 4430 
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It was hoped that the absorption spectrum of dehydrolapachone might furnish definite 
evidence regarding its structure, about which there is some doubt, and for which Hooker 
(J. Amer. Chem. Soc., 1936, 58, 1190) proposed the alternative formule on p. 882. Certain 

* Italicised figures in the tables represent inflexions. 
3M 
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chemical reactions, notably its hydrogenation to a-lapachone, are in favour of the a- 
quinonoid form; and the reduction potential (Fieser, J. Amer. Chem. Soc., 1928, 50, 450) 
is also slightly, but not conclusively, in favour of the 1:4-formulation. On the other 
hand, the isolation of an azine in good yield, and other evidence, is in agreement with the 
view that the substance is a 6-quinone. Hooker, however, regarded the 1 : 4-structure as 
the more probable. 
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In examining the absorption of dehydrolapachone it is necessary to consider how the 
effect of the «$-double bond in the side chain expresses itself in the spectra of naphtha- 
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B-Methylpyrano-1 : 2-naphthaquinone. 3-Hydroxy-2-88-dimethylvinyl- 
1 : 4-naphthaquinone. 


quinones containing such conjugated unsaturation. For this purpose 6-methylpyrano- 
1:2- and -1:4-, isopropylfurano-1 : 2- and -1 : 4-naphthaquinones, and 3-hydroxy-2-$- 
dimethylvinyl-1 : 4-naphthaquinone were available, and the recorded maxima for these 
substances, together with the data for dehydrolapachone and dehydrotso-8-lapachone, 
are summarised in Table II and shown in the various figures. 

Analysis of the results shows that the «$-unsaturation expresses itself in both the 
1: 2- and the 1 : 4-quinones in two main effects, viz., (a) the appearance of an inflexion 
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instead of the band located at 4 ca. 3330 which is characteristic of the carbonyl group in 


* 
the system C—C-CO, and (6) the displacement of the long-wave-length band to a region 
of still greater wave-length. On Hooker’s formulations dehydrolapachone shows close 
resemblances to the $-methylpyranonaphthaquinones of similar quinonoid structure, 
and so might be expected to show absorption in close agreement with one or other of these 


TABLE II. 
af-Unsaturated Naphthaquinones. 


Ais: te log e. Aaa: As r Auaz.s As log e. 

isoPropylfurano-1 : 4- 2495 4-72 3250 , 3790 3-39 
2924 3-89 

3-Hydroxy-2-B8-dimethylvinyl-1 : 4- 2650 4-39 3165 . 4205 3-32 

B-Methylpyrano-1 : 4- 2750 4:27 3300 ° 4630 3-27 

isoPropylfurano-1 : 2- 2475 4-40 3250 . 4590 3-28 
2680 4-54 

B-Methylpyrano-]1 : 2- 4-36 3230 , 5130 3-18 

Dehydrolapachone 4-27 3335 . 4430 3°19 

Dehydroiso-B-lapachone 4-53 3335 ; 4425 3-30 


substances according as it possessed a 1:2- or 1:4-structure. Both the §-methyl- 
pyranonaphthaquinones show inflexion in the region 4 ca. 3300, whereas dehydrolapachone 
has a definite band at 4 3335; and the long wave-length maximum in $-methylpyrano- 
1: 4naphthaquinone is some 200 A. greater than that of dehydrolapachone, while the 
location of the band in $-methylpyrano-1 : 2-naphthaquinone is considerably higher still. 
The presence of the band at A 3335 in dehydrolapachone suggests the absence of «6- 
unsaturation. This would imply the existence of a furano- instead of a pyrano-ring, and 
since the formula of dehydrotso-B-lapachone appears to be well established, the alternative 
formula (III) would be assigned to dehydrolapachone on this basis. 


— “ae 
CH,-CH-CMe:CH, CH,-C:CMe, 


O O 


Dehydroiso-B-lapachone. (III.) Dehydrolapachone (?). 


There is, in fact, close agreement between the locations of the maxima of the two com- 
pounds, although the log ¢« values differ. The above structure seems to be more in accord 
with the formation of dehydrolapazine by the spontaneous oxidation of lapeurhodone 
(Hooker, Joc. cit.) than does the pyrano-formula. The formation of «-lapachone on 
hydrogenation of dehydrolapachone still remains a difficulty, implying as it does an opening 
of the ring and closure involving a different carbon atom during the reaction; but such 
behaviour might be due to the quaternary carbon atom, about which, during hydrogenation, 
little is known. 


EXPERIMENTAL. 


The lapachol derivatives used in the work were prepared by the methods summarised below 
from a supply of lapachol isolated by Dr. Hooker and kindly presented by Professor L. F. 
Fieser, to: whom we are greatly indebted. Lomatiol derivatives were prepared from lomatiol 
extracted from the seed of L. longifolia, and we are indebted to Professor J. C. Earl who kindly 
collected the seed-pods in New South Wales. The samples of dunnione and isodunnione were 
supplied by Mr. J. R. Price, and we are indebted to Sir Robert Robinson and him for this gift 
of material. 

Lomatiol was extracted in the usual way, and after recrystallisation from benzene had 
m. p. 128-5°. Lapachol after recrystallisation from alcohol had m. p. 140°. 

Lapachol acetate. A solution of lapachol (5 g.) in acetic anhydride (25 c.c.) containing a 
fragment of zinc chloride was boiled for 2—3 mins., and after dilution with an equal volume of 
acetic acid, sufficient water was added to combine with the anhydride. The mixture was heated 
to boiling and poured into water, and the crude acetate which solidified overnight was 
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recrystallised (thrice) from methanol and charcoal. The acetate formed sulphur-yellow needles, 
m. p. 65—66° (Found: C, 71-9; H, 5-6. C,,H,,O, requires C, 71-8; H, 5-6%). Attempts 
to prepare the acetate according to Paterno (Gazzetia, 1882, 12, 357) yielded only a white 
substance, m. p. 122°, which is probably a mixture of the quinol acetates. 

Lomatiol diacetate, prepared as above, separated from alcohol as pale yellow needles, 
m. p. 84—85°. 

Lapachol methyl ether. A mixture of lapachol (5 g.) in acetone (150 c.c.) containing methyl 
iodide (20 c.c.) and finely powdered potassium carbonate (5 g.) gives a deep claret-coloured 
solution which gradually bleaches as methylation proceeds on refluxing on a water-bath. The 
reaction is complete in about 3 hours, and after removal of acetone and excess methyl iodide by 
distillation, and the addition of water, methyl lapachol is extracted with ether. The residual 
oil from the dried extract did not crystallise on keeping, but after distillation under reduced 
pressure partial crystallisation occurred on standing for some weeks, and lapachol methyl ether 
was obtained as beautiful yellow felted needles, m. p. 53°, on nucleation of an aqueous methyl- 
alcoholic solution of the bulk (Found: C, 74:8; H, 6-3. C,,H,,0O, requires C, 74-95; H, 
6-3%). 
6-Lapachone, m. p. 153° (J., 1892, 61, 611), bromo-f-lapachone, m. p. 138° (ibid.), dihydroxy- 
hydrolapachol, m. p. 184—185° (ibid.), hydroxy-8-lapachone, m. p. 205° (ibid.), a-lapachone, 
m. p. 117° (ibid.), isopropylfurano-a-naphthaquinone, m. p. 110-5° (J., 1896, 69, 1355), iso- 
propylfurano-$-naphthaquinone, m. p. 94—95° (ibid.), dehydroiso-B-lapachone, m. p. 111° 
(J. Amer. Chem. Soc., 1936, 58, 1181), isolomatiol, m. p. 109° (ibid.), dehydrolapachone, m. p. 
143° (ibid., p. 1190), 3-hydroxy-2-88-dimethylvinyl-1 : 4-naphthaquinone, m. p. 120° (ibid., 
p. 1168), 8-methylpyrano-a-naphthaquinone, m. p. 197° (ibid., p. 1198), and B-methylpyrano-8- 
naphthaquinone, m. p. 158—159° (ibid.), were prepared according to the directions of Hooker 


and his co-workers. 





One of us (R. G. C.) is indebted to the Commonwealth Government for a Federal Research 
Grant which enabled him to participate in the work. 


JOHNSON CHEMICAL LABORATORIES, 
UNIVERSITY OF ADELAIDE. 


[Received, March 20th, 1939.] 





188. Relations between Internuclear Distance, Force Constant, and 
Energy of Dissociation for Carbon-to-Carbon Linkages. 


By Joun JacosB Fox and ALBERT EDWARD MARTIN. 


Combining a relation D = k,r,*/mn, derived from a general potential function 
given by Sutherland, with ’,7,5 = const., it is shown that Dr,’ = const. for carbon- 
to-carbon linkages. When the ratio U/D is plotted against r/r, a form of curve is 


obtained which applies to all such linkages. 


In a recent paper (J., 1938, 2106) we gave an outline of the relation between 7,, the inter- 
nuclear distance, k,, the force constant, and D, the energy of dissociation of a carbon-— 
carbon linkage. It is possible to extend this, since Sutherland (Proc. Indian Acad. Sci., 
1938, A, 8, 341) pointed out that for diatomic molecules a simple potential function of 
the form 
Fai eghru- Gre. eto Gea a6 we eedleow B® 

where «, 8, m, and w are constants, and 7 is the internuclear distance, leads to the important 
result that D = k,y,2/mn. He showed that the product mm did not vary much for a 
number of diatomic molecules; and we have applied this relation to carbon-to-carbon 
linkages with the following results : 


LRBRAED,  srcceccccecscccccrdevcdpecdcccqseses C=C C=C Car—Car, C—C (hydrocarbons) 
Big EARP GAONICIA,), 000 iccsccscnsesessecsas 15-6 9-8 7-6 4-4 
Gig ME Id. caecndvesccrsacsiccscneranbectinns 1-204 1-33 1-40 1-555 
D (kg.-cals./g.-mol.)  ........seeeeeeeeees 161 125-1 105-3 71-8 
20-6 21-6 


RGF PFD 2 GUD scccescscccsccccsescvessocoece 20-5 20-2 
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- In this evaluation of mn, it is necessary to multiply D (cals.) by 4-185 x 
107 /6-097 x 1075 in order to convert it into ergs per link; mm is seen to be constant within 
the limits of the accuracy of the data. 


Some time ago we found that, although a Morse—Clark relation, of the form k,7,° = 


constant, gave very fair results for the C-C linkages, yet the results were even better if we 
used the fifth power instead of the sixth, as shown below : 


C=C * t= Car—Car. C—C 
Be, CRG BepeO OO vino siecnsnisiccs esssresovesvacsecsins 15-6 9-8 7-6 4-4 
Fq (CBNG. THOME LSBIR I), ise scccsceccsccesaccccnsecces 1-226 1-324 1-382 1-514 
Fo (CBIC. TOG BOGS R), Aq o.cccocccccoscssscoscccs 1-208 1-326 1-395 1-556 
Wi POG Bd ods ccicndivesdodiséuiceddeuscocteyuccembsecee 1-204 1-33 1-40 1-555 


For C-C linkages, therefore, we have the relations &,r,2/D = constant and &,7,5 = 
constant, and by eliminating k,, 73D = constant. This relation fits the curve connecting 
ry, and D, which we have previously given (loc. cit.; which see also for the origin of the data 
used here), and Douglas Clark has informed us in a private communication that, working 
along different lines, he has obtained the same result. Thus, if &, only is known for a 


2 
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rr. 


Full curve from equation (4) (Morse type). 
Broken curve from equation (5). 


C-C linkage, the corresponding value of D can be found by eliminating r, between the 


above equations, whereupon D will be found to vary as &,%, and not directly as &,, as is 
sometimes assumed. 


Equation (1) can be put in the form 


0-2 J[@7-20)] 


and this may be compared with the Morse potential function 
U =D [e™* — 2e-*] Sache ak cake. acre 


where x = r — f,, and a is a constant for each linkage. If x is small compared with r,, we 
can expand (2) and (3), and neglecting powers of x higher than x, we have from (2) 


U = D [—1 + mnx?/2r,?] 
and from (3) U = D[-—1 }+ a*x*] 


These are Hooke’s-law potential functions and are identical provided that a? = 
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mn/2r.2, and since we have seen that for carbon-to-carbon linkages mm is constant, with 
mean value 20-7, it follows that a = 3-22/r,. The Morse function can then be written 


U/D = [e-&44eire— 1) — Qe-322ie-I) , 1 ww (4) 


If now U/D is plotted against r/r, a type of Morse curve is obtained which applies to 
all carbon-to-carbon linkages. The relation a? = mn/2r,? ensures that both potential 
functions (2) and (3) are the same in the immediate neighbourhood of the equilibrium 
position (ry = 7,), but agreement elsewhere can only be approximate, and depends on the 
values chosen for m and » (mn being fixed). We find that, to obtain the best agreement, 
m and m must approach equality, and the following calculations are made on this basis : 

Put m — n = 8, then from (2) we have 


5-107 b-20)1 


e- 
and on expansion we have 


(zy =1+48In : + * (in 7 + 


Te 


Since 8 is here small compared with unity, 


B- aC) b- G+) +em)] 
~~ 3G Gem] 


(3) [mine — a] 


for m is very close to n. 
For carbon-to-carbon linkages mn = 20-7, so that this potential function may be 


written 
p= (7) [455177 — 1] 
5” 7 4:55 In = —1 ° ° ° ° ° ° ° (5) 
The figure shows the comparison between the curve plotted from this function and a 
Morse-type curve (equation 4). 
[Received, March 31st, 1939.] 





189. Refractive Indices and Molecular Refractivities of 
3-Methylcyclohexanone and Pulegone. 


By (Miss) DELIA M. SIMPSON. 


Refractive indices over a wide range of wave-lengths in the visible and the ultra- 
violet region, including those covered by the ketonic absorption band at about 3000 a., 
are recorded for pulegone and for 3-methylcyclohexanone. The refractivities of the 
carbonyl radical in each compound are deduced and compared with those previously 
recorded for this radical in cyclohexanone. An enhanced molecular refractivity in 
pulegone, which might be described as an “ optical exaltation ’’ in view of the conjug- 
ation of carbonyl and ethylenic double bonds, cannot be attributed to the presence of 
an absorption band which does not appear in the spectra of the other compounds, 
since equally abnormal values are obtained for 3-methylcyclohexanone, to which 
this explanation cannot be applied. It is concluded that these effects result from the 
invalidity of the additive relationship in the presence of strongly chromophoric 
radicals, as predicted in a previous paper. 
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PurRE materials being available (Lowry, Simpson, and Allsopp, Proc. Roy. Soc., 1937, A, 
163, 483), refractive indices have. been recorded over a wide range of wave-lengths in the 
visible and the ultra-violet region for 3-methylcyclohexanone (I) and pulegone (II), and 
the corresponding molecular refractivities have been deduced. The results are of interest 


H, Tae CH,—C—O CH,—C—O CH, 
on >CH, oe C=C (II.) 
—CH, CH, hh, CH, 


in view of the conjugated system > C = C — C = O in the compound (II). The thin- 
film interference method of Lowry and Allsopp (ibid., 1931, A, 133, 26) which was employed 
enabled measurements to be made, not only throughout the characteristic ‘‘ ketone ”’ 


Fic. 1. 





160 


Refractive index,n. 
~ as 
Ss ba 


x 


Absorption maxima. 
Pulegone 


flit 
740 1 1 = ai t 


7000 6000 5000 AA 4000 3000 2000 


Refractive dispersion of 3-methylcyclohexanone, I, and of pulegone, II. 











absorption band at 2800—3200 a., but also, in the case of pulegone, inside an intense 
absorption band, Amax, = 2450 a., which occurs in the absorption spectrum of this 
compound, but not in those of methylcyclohexanone, cyclohexanone, and other simple 
ketones (Table I), and has been attributed to the conjugated system (Lowry, Simpson, 
and Allsopp, Joc. cit.). The curves of refractive dispersion are drawn in Fig. 1. They 


TABLE I. 


Absorption Bands. 
cyclo- 3-Methylceyclo- 
Hexanone. hexanone. Pulegone. Pulegone. 
2905 3240 
- 5 14-25 40 
96 0-585 1-48 
All Pian: strongly at and beyond 1900 a. 


contain no unusual features, each passing through a very shallow “ ripple ’’ as the “‘ ketone ”’ 
absorption band is penetrated, and then rising rapidly and apparently asymptotically as 
the more intense absorption maxima at shorter wave-lengths are approached. 
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The molecular refractivities, M(n? — 1)/d(n? + 2), at’ = 5896 A., together with that of 
cyclohexanone (Allsopp, Proc. Roy. Soc., 1934, A, 146, 300) and the values calculated from 
Eisenlohr’s standard atomic refractivities (‘‘ Spectrochemie Organischer Verbindungen,”’ 
1912, p. 94), are shown in Table II. That for pulegone is 0-52 unit higher than the 


TABLE II. 


Molecular Refractivities at } = 5896 A. 
R (obs.). R (calc.). | Obs.—Calc. 


cycloHexanone 27-93 27-72 0-21 
3-Methylcyclohexanone 32-88 32-34 0-54 
46-24 45-72 0-52 


calculated value and could be described as an “‘ optical exaltation ’’ due to the conjugation 
of ethylenic and carbonyl double bonds (Briihl, Ber., 1907, 40, 878, 1153) but for the 


Fic. 2. 











AL. 4 ‘ s 4 
7000 6000 ~~ 4000 3000 
Refractivity of the carbonyl radical in pulegone, I, 3-methylcyclohexanone, II, and in cyclohexanone, ILI. 











observation, recorded in the table, that 3-methylcyclohexanone, with no such structural 
complication, gives rise to an even larger excess, viz., 0-54 unit; and the refractivity of the 
still simpler molecule of cyclohexanone is also not normal. 

An attempt was made to account for the anomalies by “‘ dissecting out ” the refractivity 
of the carbonyl radical alone, over the whole range of wave-lengths covered by the present 
measurements. For this purpose, use was made of the refractivities of methylene (Allsopp 
and Willis, Proc. Roy. Soc., 1936, A, 158, 379) and of cyclohexene (Allsopp, tbid., 1934, A, 
143, 618), the latter containing the correction necessary in the presence of an ethylenic 
double bond. Thus: 


R(C=0)o,.840 = R(CypHyg0) — R(CgH yo) — 3R(CH;) 

R(C=0)o,n,,0 = R(C,H,,0) — 6R(CH,) 
The results are shown in Fig. 2, together with values of R(C—O) derived from cyclo- 
hexanone (Lowry and Allsopp, ibid., 1934, A, 146, 313). Curves II, obtained from methy]l- 
cyclohexanone, and III, from cyclohexanone, have a uniform separation until they reach 


the ketonic bands (the maxima of which do not coincide in the two compounds); but they 
then converge and actually intersect at about 2750 a. The initial separation is similar in 





[1939] Rotatory Dispersion, Circular Dichroism of Santonide, etc. 889 


magnitude to that between curve II and curve I, from pulegone, which should represent 
the optical exaltation. : 

Curves I and II diverge rapidly, as is to be expected, when the former approaches the 
wave-length of the absorption band at 2450 a. A careful analysis of the curves of refractive 
dispersion by means of Ketteler-Helmholtz equations showed, however, that the contribu- 
tion of this band to the refractive indices at long wave-lengths is numerically Jess than 
that made by the 1900 a. band to the indices of methylcyclohexanone, and that the band 
at 1900 a. makes little or no contribution in the case of pulegone. It is therefore not 
possible to explain the enhanced refractivities in terms of the position and relative 
intensities of the ultra-violet absorption bands (cf. Lowry and Allsopp, 1bid., 1937, A, 168, 
356) ; and it must be concluded that the ‘‘ atomic ”’ refractivity of the carbonyl radical is 
not constant, irrespective of the state of substitution or unsaturation of the molecule in 
which it is located. This result is in accordance with the conclusion reached by Allsopp 
and Willis (ibid., 1936, A, 153, 392) that additivity of atomic refractivities can only be 
expected to occur for those molecules whose absorption spectra contain no strong absorption 
bands in the accessible ultra-violet. It follows that the enhanced refractivities which are 
often (but not always) associated with conjugated systems must not be given all the 
significance which was attributed to them by Briihl, but may be due to the fundamental 
invalidity of an essentially empirical additive relationship. 


The author wishes to express her indebtedness to the late Professor Lowry, at whose 
suggestion and under whose supervision this work was commenced, to Dr. C. B. Allsopp for 
many helpful discussions, and to the Chemical Society for a grant. 


LABORATORY OF PHYSICAL CHEMISTRY, CAMBRIDGE. [Received, April 1st, 1939.] 





190. The Rotatory Dispersion and Circular Dichroism of Santonide 
and Parasantonide in the Ulira-violet. 


By STOTHERD MITCHELL and KONRAD SCHWARZWALD. 


Both santonide and parasantonide show the Cotton effect associated with a strong 
ketonic band which in alcoholic solution has its head at about 3000 a. For santonide 
Emax. = 1000 and for parasantonide e,,,. = 1170, but despite these large values it has 
been possible to take rotation readings right through the band in each case. The 
specific rotation of santonide reaches +25,500° on the long-wave side of the band, 
and —31,000° on the other side. For parasantonide the corresponding values are even 
larger, being +32,000° and —35,000°, respectively. The latter values are remarkable, 
as they are about ten times the normal, and about three times the value (+ 11,000°) 
obtained by Kuhn and Biller (Z. physikal. Chem., 1935, B, 29, 23) for the dimethyl- 
amide of methoxyphenylacetic acid, which has the largest specific rotation hitherto 
measured in homogeneous solution. 

The maxima of circular dichroism (e; — ¢,) are also abnormally large, but the 
anisotropy factors (¢; — ¢,)/e have normal values which average 0-030 and 0-038 for 
santonide and parasantonide, respectively. 


NASINI (Atti R. Accad. Lincei, 1881, 3a, 18, 129) investigated visually the rotatory 
dispersion of a number of santonine derivatives. Of these, santonide and parasantonide 
were considered remarkable at the time, for their specific rotations in alcohol and chloroform 
had values lying between 2000° and 3000° for violet light. Recent work on the Cotton 
effect has made us familiar with specific rotations of the order of 3000° in the neighbour- 
hood of absorption bands, and so we thought it probable that an extension of the rotatory 
dispersion curves of santonide and parasantonide into the near ultra-violet might furnish 
further examples of this interesting effect. 

According to Clemo, Haworth, and Walton (J., 1930, 1110), santonine has the structure 
(I). The lactone ring is readily opened by warming with dilute alkali solution, but after 
prolonged boiling santonic acid (II) can be isolated (cf. Cannizzaro and Sestini, Gazzetta, 
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1873, 3, 241; Abkin and Medvedev, J. Gen. Chem. Russia, 1934, 4, 1407; A, 1935, 755). 
Santonide is prepared from (II) by refluxing with acetic acid, distilling off the latter, and 


O—CO 
CMe CH CMe CO 


a a JS 
o¢ OH-CHMe OG: ( sH-CHMeCO,H = (IL) 
HC CMe CH, H,C CMe CH, 


pw er a 

CH CH, CH, CH, 
heating the residue to 180°. For parasantonide the procedure is similar, but the final 
heating is carried out at 260—300° (Cannizzaro and Valente, Gazzetta, 1878, 8, 315). 


(I.) 


Fic. 1. 





40° 
Santonide 





----- Rotation, {a}. 


—— Absorption, €. 


——— Circular dichroism, 
& ~¢. Tr? 











3800 300 3400 $3200 os 4 2800 2600 2400 220 


Santonide (m. p. 127-5°) and parasantonide (m. p. 110-5°) are isomeric keto-lactones 
(C,;H,,03) whose structure has not yet been fully established, but it seems probable that 
the lactone ring in these compounds is formed, not between the carbon atoms 1 and 2 as in 
santonine, but between the carbon atoms 7 and 2. 

Absorption Spectra—We examined the absorption spectra of santonide and para- 
santonide with a Hilger sector spectrophotometer, using alcohol as solvent and l-cm. 
tubes. Ineach case two absorption bands were found. Fig. 1 shows the molecular extinc- 
tion coefficient, ¢, plotted against wave-length, a, for santonide. For the smaller band a 
solution containing 0-0340 g./100 c.c. was used, and for the larger band 0-0069 g./100 c.c. 
For the parasantonide (Fig. 2) the concentrations were 0-0323 and 0-0057 g./100 c.c., 
respectively. The first band is weaker in santonide, and the second in parasantonide. 
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There is little doubt that the first band in each case is a ketonic band. The second one 
appears to be due to the lactone ring, as it is not found in parasantonic acid (produced by 
opening the lactone ring of parasantonide). Further, the ketonic band in parasantonide 
is much stronger than in this acid (for which ¢,,,, ~ 40), so that we must attribute this 
increase in strength, and the remarkable optical properties associated with it, to the influence 
of the lactone ring. In santonide also this ring must be regarded as the dominating factor. 

Rotatory Dispersion—We have been able to obtain rotatory dispersion data for both 
santonide and parasantonide right through the first band, but in each case the second 
band is too intense to permit of readings being taken beyond about 2600 a. Our measure- 


Fic. 2. 
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ments were made with the ultra-violet polarimeter previously described (Mitchell and 
Gordon, J., 1936, 853). 

Carnelutti and Nasini (Gazzetta, 1880, 10, 529) observed that when a solution of 
parasantonide in chloroform was exposed to sunlight for some time the rotation gradually 
diminished. We found that this also occurred when alcoholic solutions of santonide and 
parasantonide were irradiated with light from our iron arc. As long exposures (up to l 
hour) were necessary when examining the rotations in the neighbourhood of the negative 
maxima, we used a tube through which fresh solution was allowed to flow slowly. 

The rotation data are in Table I, and in the diagrams the specific rotation, [«], is plotted 
against wave-length, 2. The points of interest from the curves may be summarised as 
follows : 

Positive maximum. KReversal. Negative maximum. 


Santonide [a] = +25,500° at 3210 a. 3000 a. —31,000° at 2750 a. 
Parasantonide [a] = +32,000° at 3210 a. 3000 a. —35,000° at 2750 a. 
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Circular Dichroism.—For measuring ellipticities, a fused-silica Fresnel rhomb was 
inserted after the polariser of the ultra-violet polarimeter, and different settings were 
given to the polariser. The complete data are in Table II. The values of e shown in col. 4 
of each part of the table were read off from the absorption curves for the required wave- 
lengths. The last column in each case contains the anisotropy factor,* (e, — ¢,)/e. 

In the middle of a simple band this factor remains practically constant, but the values 
in Table II are not constant. The maximum at A = 3178 for santonide indicates the 
presence of a subsidiary band which is just detectable from the absorption curve but is 
more evident from the circular dichroism curve (Fig. 1). The case of parasantonide is more 
complicated. The high values of the anisotropy factor for the longer wave-lengths suggest 
a subsidiary band similar to that of santonide. In addition, the maximum between 
2 = 2762 and 2706 [Table II (ii), col. 5] points to the presence of another component with 
which is associated a considerable broadening of the circular dichroism curve on the 
short-wave side (Fig. 2) and of the negative loop of the rotatory dispersion curve. 

In view of the complex nature of the circular dichroism curves we have not included any 
calculation of the rotatory dispersion curves from the circular dichroism data. 


TABLE I. 


(i) Rotatory Dispersion of Santonide in Alcohol. 
Solutions : (a) 0-4030; (b) 0-0416; (c) 0-0340 g./100 c.c.; J = 1cm.; # = 17°. 
A. a. [a]. A. a. [a]. A. a. [a]. 
Solution (a). 
3924 +1-20° + 2,978° 3660 +2-00° + 4,963° 3451 +3-60° + —_ 
+12,9 


3776 +1-60 + 3,970 3555 +2-80 + 6,949 3360 +5-20 12,900 
Solution (5). 

3307 +0-65 +15,630 3158 +1-00 +24,040 3000 +0-05 + 1,230 

3292 +0-75 +18,030 3148 +0-95 + 22,830 2957 —0-45 — 10,820 

3274 +0-85 + 20,430 3126 +0-90 +21,630 2807 — 1-20 — 28,850 

3263 +0-90 +21,630 3100 +0-85 +-20,430 2782 —1-25 — 30,050 

3262 +0°95 +22,830 3075 +0-75 +18,030 2719 —1-25 — 30,050 

3248 +1-00 + 24,040 3059 +0-65 +15,630 2706 —1-20 — 28,850 
Solution (c). 

2945 —0-40 — 11,770 2864 —0-80 — 23,540 2644 —0-90 — 26,470 

2895 —0-70 — 20,590 


(ii) Rotatory Dispersion of Parasantontde in Alcohol. 
Solutions: (d) 0-3232; (e) 0-0453; (f) 0-0324 g./100 c.c.; 1] = lcm.; # = 17°. 





Solution (4). 
4062 +1-30 + 4,022 3719 +2-10 + 6,497 3521 +2-70 + 8,354 
4034 +1-50 + 4,641 . 3647 +2-30 + 7,116 3485 +3-10 + 9,592 
3920 +1-70 + 5,260 3575 +2-50 + 7,734 

Solution (e). 
3350 +0-70 + 15,550 3234 +1-40 +31,090 3172 +1-30 +28,870 
3262 +1-10 + 24,430 3193 +1-40 +31,090 3117 +1-10 +24,430 
3257 +1-30 +28,870 3178 +1-35 +29,980 3059 +0-70 +15,550 
3248 +1-35 +29,980 

Solution (f). 
3042 +0-45 +13,890 2878 —0-95 — 29,320 2699 —1-10 — 33,950 
2941 —0-35 — 10,800 2859 — 1-05 — 32,400 2631 — 1-05 — 32,400 
2902 —0-75 — 23,150 2846 —1-10 — 33,950 2575 —0-95 — 29,320 


2899 —0-85 — 26,230 





* The name “ anisotropy factor ’’ was introduced by Kuhn and Braun (Z. physikal. Chem., 1930, 
B, 8, 445). Lowry and Hudson (Phil. Trans., 1933, A, 282, 117) objected to it and called the ratio the 
“‘ dissymmetry factor.”” Later, Kuhn and Biller (Z. physikal. Chem., 1935, B, 29, 9), while admitting 
that their term was not an ideal name, showed that it is preferable to Lowry and Hudson’s. 
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TABLE II. 


(i) Circular Dichroism of Santonide in Alcohol. 
Concn., 0-0416 g./100 c.c.; 7 = 1cm.; ¢ = 17°. 
Ellip- 
€1 — &- é. (ex — «,)/e. A. ticity. «¢— «,. 
3 200 0-032 2912 1-35° 24-2 
9 310 0-032 2874 1-25 22-4 
2 405 0-038 2859 1-05 18-8 
0 472 0-035 2852 0-95 17-0 
8 
4 
2 


565 0-033 2846 0-85 15-2 
670 0-033 2826 0-55 9-9 
24- 755 0-032 


(ii) Circular Dichroism of Parasantonide in Alcohol. 

Concn., 0-0323 g./100 c.c.; 7 = 1cm.; # = 17°. 
3257 . ; — — 2941 1-50 34-6 1140 0-030 
3234 ! 280 0-050 2892 1-40 32-3 975 0-033 
3205 ° , 410 0-045 2846 1-20 27-7 820 0-034 
3175 . , 610 0-038 2762 1-00 , 560 0-041 
3148 : 735 0-038 2706 0-80 18-5 439 0-042 
3100 “ 32- 885 0-037 2642 0-60 13-9 382 0-036 
3091 ° 34-6 935 0-037 


We are indebted to the International Student Service for a scholarship which enabled one of 
us (K. S.) to take part in this work. 
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191. The Heat of Adsorption of Gases on Chromium Sesquioxide at 
Low Pressures and Room Temperatures. 


By D. A. DowpbEN and W. E. GARNER. 


Measurements of the heat of adsorption of carbon monoxide, carbon dioxide, 
hydrogen, and oxygen on chromium trioxide have been made at 18° for the oxide in 
an oxidised and in a reduced state. The absorbing surface was ten times larger 
for the reduced than for the oxidised substance. The heat measurements indicate 
that the adsorption on an oxide surface of carbon monoxide or hydrogen is a two- 
stage process, the first being the formation of carbonate or hydroxy] ions on the surface, 
together with some surface unsaturation, and the second the disappearance of the 
unsaturation. The unsaturation disappears very slowly after the adsorption of carbon 
monoxide unless hydrogen is present on the surface, and very quickly in the case of the 
adsorption of hydrogen. The heats of adsorption of oxygen depend on the degree of 
unsaturation of the surface. Attention is directed to the part which the mobility of the 
atoms of the adsorbent plays in the chemisorption of gases on chromic oxide. 

The results for chromic oxide are compared with those previously obtained for 
ZnO,Cr,O, and for zinc oxide, and conclusions drawn as to the changes in adsorptive 
capacity which occur on mixing two oxides. 


IN an earlier investigation by Veal and one of us (J., 1935, 1487), the heats of adsorption 
of a number of gases on zinc oxide and ZnO,Cr,O, were measured. The heats for chromium 
sesquioxide have now been obtained and some conclusions can be drawn as to the nature 
of the change in adsorptive properties which occurs when zinc and chromic oxides are 
mixed. Howard and Taylor (J. Amer. Chem. Soc., 1934, 56, 2259) have discussed the 
effect of promoter action in the above case, in the light of measurements made of the rates 
of adsorption of gases on the two oxides and the spinel formed between them. Their work 
has special reference to the promotion of the hydrogenation of ethylene. They derive 
from the rates of adsorption of hydrogen that the activation energies at 194-5° K. are 
respectively 11, 19, and 1 kg.-cal. for ZnO, Cr,O3, and ZnO,Cr,O,, and conclude that the 
rate of activated adsorption is a very important factor in the determination of the activity 
of a promoter. 
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From the adsorption isotherms of hydrogen on chromic oxide the above authors 
calculate that the heat of adsorption between 83° and 194-5° k. is 1-8 kg.-cals. and at 
611—648°, 27 kg.-cals. Beebe and Dowden (idid., 1938, 60, 2912) have measured the heats 
of adsorption of hydrogen at 90° xk. and find that the differential heats fall gradually 
with increasing surface densities from 5-11 to 3-16 kg.-cals. The discrepancy between the 
experimental and the calculated heats of adsorption at low temperatures is very marked and 
shows that the calculation of heats of adsorption from adsorption isotherms is subject to 
serious errors. The discrepancy is still greater at high temperatures, for the experimental 
value obtained in the present investigation is 72—74 kg.-cals. It would appear, therefore, 
that the processes occurring in the adsorption of gases by oxides of the type of chromium 
trioxide are too complex to permit of the use of adsorption isotherms in the calculation of 
heats of adsorption. 

Beebe and Dowden (loc. cit.) record that the adsorption of carbon monoxide on 
chromic oxide at 90° K. occurs in two stages, the first being the van der Waals adsorption 
of carbon monoxide with a heat of 4 kg.-cals., followed by a rearrangement on the surface 
with the liberation of a further 8 kg.-cals., which these authors believe to be chemisorption. 
At 0°, the heat of adsorption of carbon monoxide was 15-2 ~ 9-9 kg.-cals., with no evidence 
of the occurrence of a slow process. In the present investigation, the heat of adsorption 
at room temperature was found to vary with surface density from 29 to 22 kg.-cals. The 
difference between the results at 0° and 18° indicates that there is a marked temperature 
coefficient of the heat of adsorption of carbon monoxide in the region of room temperature. 
It is shown in the present paper that there is considerable surface unsaturation produced by 
the adsorption of carbon monoxide, and this disappears with the liberation of heat if 
hydrogen atoms be present on the surface, the heat of adsorption in these circumstances 
being 60—62 kg.-cals. It is shown also that this unsaturation disappears on raising the 
temperature of the oxide. Thus, there are clearly distinguished three stages in the adsorp- 
tion of carbon monoxide on chromium trioxide : (a) van der Waals adsorption, (b) chemi- 
sorption with the production of unsaturation, and (c) disappearance of the unsaturation. 


EXPERIMENTAL. 


Preparation of Chromium Oxide.——A 20% solution of sodium chromate, acidified with 
sulphuric acid, was reduced by sulphur dioxide. A slight excess of aqueous ammonia (d 0-880) 
was added, and the solution boiled. The precipitate was washed free from electrolyte, dried, 
and broken into grains. 

Calorimeter.—This was of the type 1.f used by Garner and Veal (Joc. cit.). A number of 
measurements of heats of adsorption on the oxide showed that it possessed a very poor heat 
conductivity. This was increased by mixing the oxide with pieces of thin gold wire which were 
so shaped as to prevent their being telescoped intoa compact mass. The weights of the materials 
used in the calorimeter bulb were the following : Cr,O,, 16-125; Au, 16-232; Pt, 1-200; pyrex, 
0-748 g., and the specific heats employed were 0-18, 0-035, 0-0314, 0-20 cal./deg. respectively. 
These gave a water equivalent of 3-658 cals./°C. The cooling coefficients for helium gas in the 
calorimeter containing the gold wire are given below in ° C. per mm. per 1° C. : 


1-8 x 10° 1-25 x 10-1 
1-8 x 10% 0-011 6-5 x 1071 


Helium was mixed with the gas used in the adsorption measurements in the ratio 1 : 1, and the 
gas pressures in the measurement of the heats of adsorption ranged between 10-* and 10-? cm. 
Before the gas was admitted to the calorimeter, care had to be taken that the latter had reached 
thermal equilibrium with its surroundings, and the attainment of equilibrium was accelerated by 
the addition of 10-* to 10-* cm. of helium before each experiment. The rise in temperature 
of the calorimeter was recorded photographically, as described in the previous paper, and the 
deflection obtained was 17—22 cm. per degree. The calorimeter and its Dewar vessel were 
enclosed in a heat-insulated box to prevent draughts on the calorimeter leads, and the leads 
were securely fixed in glass tubes to diminish vibration, but in other respects the apparatus was 
essentially similar to that used in the earlier investigation (loc. cit.). 

Heats of Adsorption.—The employment of helium as a diluting gas was found to be essential, 
and even when this gas was used, difficulties were encountered when the oxide was very active as 
an adsorbent owing to the slow distribution of locally evolved heat. Typical series of measure- 
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ments are given in Table I for the heats of adsorption of first admissions of carbon monoxide. 
These are calculated from the amounts of gas adsorbed and the galvanometer deflections, the 
cooling coefficients used being given on p. 894. 


TABLE I. 

5. 6. 9: 
1 29:0 28-3 27-7 
7 266 26-7 26-1 


8. 11. 14. 17. 20. 
27-4 26:7 27:0 27:2 27-1 
26-2 26:2 26:8 27:0 27:3 


Time, mins. A. 2. 3. 
Expt. ea \ — 43 35-5 3 
Expt. 2 mol. 78:1 40-7 32:3 2 


4. 
1- 
8- 


The initial high values show the occurrence of local heating around the thermocouple, and 
the subsequent values the dispersion of this heat. Usually, constant values were obtained 
within 10 mins. During this 10 mins., the cooling correction amounts to one-tenth of the heat 
evolved, and hence the initial poor distribution of heat might lead to serious errors. To test 
if this was the case, comparable experiments were carried out with the calorimetric fluid at a 
constant temperature (Expt. 1, Table I) and with the calorimetric fluid raised in temperature, 
immediately after admitting the gas, to that expected in the calorimeter as a result of the 
adsorption (Expt. 2). The results in the above table show that, within the experimental error 
of + 1 kg.-cal., there are no appreciable errors introduced by the local heating. The same held 
true for second and third admissions of gas. The agreement between the values obtained by the 
two methods shows that the cooling corrections used were sufficiently accurate for our purpose. 

Difficulties were, however, experienced in the adsorption of small amounts of oxygen on the 
reduced catalyst owing to local distribution of heat, and these could not be overcome except by 
increasing the amount of gas to be adsorbed and decreasing the sensitivity of the galvanometer. 
In the limiting case, of great surface activity and immediate adsorption on collision of the gas 
molecules with the surface, accurate values could not be obtained for differential heats of adsorp- 
tion on this oxide. Such cases were, however, few in number, and where they occur the heats 
obtained are given in parentheses in the following tables. 

The period and temperature of degassing the oxide were strictly controlled, the calorimeter 
being baked out at 450° before each run of experiments. 

The Reduced and Oxidised Surface of Chromium Oxide.—During the preparation of the oxide, 
it was reduced with hydrogen, and considerable difficulty was experienced in freeing the surface 
from hydrogen, even by evacuation at 450°. It was found that, on admitting small volumes of 
carbon monoxide to the oxidised surface, which had previously been treated with hydrogen, 
and desorbing at 450°, the gas evolved was mainly carbon dioxide but contained some water. 
Twelve such experiments were performed before the evolved water became too small to be 
measured. 

The reduced and the oxidised state of chromium oxide were obtained by treatment with 
carbon monoxide and with oxygen respectively at 400—450° until no further reaction occurred. 
Before cooling to room temperature, the oxide was baked out at 450° for 3 hours to remove 
carbon dioxide, etc. These two surfaces were used in the majority of the experiments. The 
weight of oxide used was 16-125 g. 

The adsorbing surface was about ten times larger for the reduced than for the oxidised 
substance, as the following figures for the amount of carbon monoxide and dioxide taken up at 
room temperature and at pressures of 10-* cm. show : 


CO, c.c. CO,, c.c. Oy, C.c. 
3-21 0-050 
32-5 30 


These values were obtained towards the end of the research, when the activity of the oxide had 
been somewhat reduced. 

Veal has found (loc. cit.) that 14-8 g. of ZnO,Cr,O,, when reduced as far as possible, will take 
up 120 c.c. of oxygen at room temperature. This is about ,4, of that required to convert the 
Cr,O, present into CrO,. This volume is so large that it must be concluded that in the reduced 
state the spinel possesses a very porous structure. This porous material may consist of non- 
crystalline matter separating the crystal grains, or may be formed from crystals by the removal 
of oxygen without collapse of the lattice. The former hypothesis is probably the more correct, 
since Hiittig, Radler, and Kittel (Z. Elektrochem., 1932, 38, 442) have shown by X-ray measure- 
ments that the spinel structure is not developed throughout the lattice unless the oxide is heated 
above 500°, which is 50° higher than the maximum temperature to which the oxides were 
subjected in our experiments. It is probable, therefore, that the active surface is limited to 
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non-crystalline matter. In the case of the sample of chromic oxide employed, the porosity as 
shown by the adsorption on the reduced surface is one-fifth of that of the spinel. 

It is necessary to assume that there is a good deal of porosity in these oxides, to account for 
(a) the differences between the amounts of gas adsorbed on the reduced and the oxidised surfaces 
and for (b) the results obtained as the oxidised surface is progressively reduced. We shall have 
occasion to distinguish between adsorption on the external surfaces and on the internal surfaces 
of the solid. 

The Adsorption of Oxygen.—(i) On the oxidised surface. The adsorption of oxygen on the 
oxidised surface, after baking out at 450°, as would be expected is very small, viz., 0-05—0-08 c.c. 
That there is any adsorption at all is probably due to losses from the surface during the baking 
out. The heat of adsorption on the oxidised surface is 37 kg.-cals. Beebe and Dowden (loc. 
cit.), working with a more active catalyst, obtained values decreasing with surface density from 
50 to 17-6 kg.-cals. at 0°. 

(ii) On the partly reduced surface. The oxide was progressively reduced with carbon monoxide, 
and, before the heat measurements, this gas was removed as dioxide by baking out for 3 hours 
at 450°. The amounts of oxygen adsorbed and the heat measurements are given in Table II. 
The oxygen admitted in the heat measurements was approximately 0-6 c.c. except where 
denoted by an asterisk, where 6 c.c. of oxygen were admitted. 


TABLE II. 
CO, re- Total Heat of adsorption at 


CO, re- Total Heat of adsorption at 
moved O, ad- 1lth minute moved O, ad- 1lth minute 
(S), sorbed (kg.-cals. /g.-mol.). (S), sorbed (kg.-cals. /g.-mol.). 
Expt. c.c. at (R), Admission : Expt. c.c. at (R), Admission : 
No. NTP. - 66. 1. 2. 3. Ne, Bi... Gilde 1. 2. 
1 2-38 0-095 36-9 as —- 7 8-08 0-660 38 —_ — 
2 5-43 0-199 36-7 -- ae 8 17-83 6-519 58* — —_ 
3 9-01 0-823 (47-8) 41:0 33-0 9 26:93 14895 56* 30* — 
4 11-32 1-974 (59-0) (54:5) — 10 39-3 22-61 65* 56* 3 * 
5 1-69 0-079 833 — as ll 67-1 —_ (84) (98) — 
6 2-46 0-063 29 — — 


The experimental procedure adopted for experiments 5—8 was different from the rest. 
Before each of these experiments, the oxide was oxidised and baked out at 450°, reduced with 
carbon monoxide at 400°, and baked out again at 450°. It was then ready for the measurement 
of the heats of adsorption, and the determination of the total oxygen adsorption. The other 
experiments consist of two series, viz., 1—4 and 8—11, for which the above steps were carried 
out only at the beginning of the series. Between each experiment, however, the carbon dioxide 
was removed by baking out at 450°. 

In Expts. 1, 2, 5, 6, and 7, where the amount of oxygen which would be adsorbed at saturation 
was small, the heats of adsorption reached a constant value within 11 mins. Where, however, 
small quantities of oxygen were admitted to a surface whose saturation value was considerably 
greater than the volume of oxygen admitted, then there was a downward drift of the values with 
This held for the first admission of Expts. 3, 4, and 11, when 0-6 c.c. of gas was admitted 


time. 
to the oxide. The heats in these cases, which have been enclosed in parentheses, are not very 
reliable. If, however, quantities of the order of 6 c.c. are admitted, as in the experiments 


denoted by an asterisk above, then the drift is eliminated, indicating that in these cases 
there is a good distribution of heat throughout the calorimeter and that reliable values are 
being obtained. 

The values for log S (the carbon dioxide removed) are plotted against log R (the oxygen 
adsorbed) in the figure. They fall on a sigmoid curve, which is considerably below the stoicheio- 
metric adsorption (broken line) in the early stages of the reduction process, but reach the theo- 
retical values finally. The initial lag in the adsorption of oxygen can be accounted for as 
follows. The oxygen is adsorbed on vacant spaces on the external surface of the solid, and the 
above lag indicates that at first the reduction of the surface does not materially increase the 
number of vacant spaces on the external surface. This probably means that, as a result of the 
baking-out for 3 hrs. at 450°, there has been a migration of oxygen from the interior of the 
solid, filling up the vacant spaces caused by the removal of molecules of carbon dioxide. Thus 
the mobility of oxygen throughout the solid at 450° would account for the small magnitude of 
the oxygen adsorption in the early stages of the reduction. As the reduction proceeds, the 
solid becomes porous to gases, and adsorption occurs in the capillary passage. The oxygen 
adsorption and the heat of adsorption increase, and finally, when the oxide is very considerably 
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reduced, the oxygen can penetrate to all of the vacant spaces produced in the solid. This 
entails a certain degree of mobility of oxygen atoms through the solid at room temperature, 
which would be possible if the activation energy for the diffusion of oxygen were < 20 kg.-cals. 
It is, however, doubtful if this diffusion could occur through the lattice at room temperatures ; 
it would probably be restricted to the disorganised material. To explain the curve, it would 
also be necessary to assume two states of chemisorption of oxygen, one which dissociates readily, 
and the other with the oxygen atoms firmly bound, which assumption would be in accord with 
the heat measurements, which show two ranges of values for the heat of adsorption, viz., 35 
and 55 kg.-cals. (see figure). The binding with the higher heat would choke the capillaries and 
prevent further diffusion, but this would not be a serious matter when the oxide had been 
reduced to a considerable extent, since there would be alternative routes to any one adsorption 
space. 

(iti) On a surface containing adsorbed carbon monoxide. It was found that when oxygen 
was admitted to a fully oxidised surface to which carbon monoxide had been added, the heats 
of adsorption were much larger than on a carbon monoxide-free surface. The oxidised surface 
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was saturated with carbon monoxide, and the heats of adsorption of oxygen determined. All 
the values showed a tendency to rise with time, as the following example shows : 


Time (mins.) 2 5 8 11 14 17 20 
Heat (kg.-cals.) 111-2 110-1 112-3 116-0 118-2 119-3 120-0 


This may be taken to mean either that the gas is diffusing to centres of higher activity or that 
there is some energy of reorganisation liberated, after the adsorption is complete. The values 
obtained for the 11th minute are : 


Admission. 1. 2. 3. 4, 
Heat (kg.-cals.) 103-6 109-1 — ~— 
116-0 124-7 101-5 76-1 
These experiments indicate that the surface containing adsorbed carbon monoxide is very 
considerably unsaturaied. 

Results were also obtained for the heat of adsorption of oxygen on the reduced surface on 
which had been adsorbed 8-7 c.c. of carbon monoxide. The distribution of gas was poor, and a 
constant heat was barely obtained at the 20th minute. The approximate values for successive 
admissions of 0-65 c.c. of oxygen are 88, 91, 89, 82 kg.-cals. 

After admitting small volumes of carbon monoxide, 0-4 c.c., to the oxidised surface, it was 
found that it would take up a little more than half this quantity of oxygen, but that when 

3N 


















898 Dowden and Garner: The Heat of Adsorption of 


larger quantities of carbon monoxide were used, much smaller quantities were taken up than 
correspond with the 2:1 ratio. Hence, it appears that carbon monoxide itself can occupy 
some of the places of unsaturation that it produces. 

The Adsorption of Carbon Monoxide.—(i) On an oxidised surface. The heat of adsorption of 
carbon monoxide on the oxidised surface was determined by admitting 0-9 c.c. of gas. Nine 
successive admissions of this volume were made, and the following values obtained : 29°3, 23-3, 
22-9, 22-2, 22-5, 21-6, 21-7, 22-4, 22-5 kg.-cals. Other series gave similar results. The adsorption 
was a.slow process, and hence a good distribution of the gas was obtained throughout the oxide 
and constant values were obtained after 6—10 mins. After the extensive treatment of the 
surface with hydrogen, the heats of adsorption of carbon monoxide on the oxidised surface 
became much greater (see later). 

(ii) On a reduced surface. The heats for successive admissions of 0-3, 0-6, 0-85, 4-7 and 4-9 c.c. 
were (28), 26-6, 23-5, 11-5, 12-5, indicating considerable heterogeneity in the adsorption process. 
Between experiments 4 and 5, 3-4.c.c. of carbon monoxide were admitted without measurements 
being made of the heat of adsorption. The distribution of the heat on the reduced surface was 
not so good as on the oxidised surface, constant heats not being obtained until the 17th minute. 
This is probably because of the rapid adsorption on a very unsaturated surface with the resulting 
local liberation of heat. 

(iii) On a surface which had previously been treated with hydrogen. A surface treated with 
hydrogen and oxidised at 450° still contained sufficient hydrogen to affect the heat of adsorption 
on carbon monoxide on the oxidised surface, the heat becoming 60—62 kg.-cals., instead of 
29 kg.-cals. obtained on the surface freed from hydrogen. This rise in the heat of adsorption 
of carbon monoxide is accompanied by a reduction of the heat of adsorption of oxygen on the 
carbon monoxide-covered surface, viz., from 110 to 72 kg.-cals., as the following figures show : 


Heat of Adsorption of Carbon Monoxide on the Hydrogen-treated Surface. 
Heat of adsorption (kg.-cals.) of : 
CO on oxidised surface. O, on the CO-treated surface. 
T  cncasevcvevccccessesoceconssooese 62 72 
BE. Spsncecssscrscsececonscsseetecage 60 77 
29 110 





As the hydrogen was removed by successive oxygenation and baking out, etc., the heat of 
adsorption of carbon monoxide gradually returned to its normal value. By this time the 
oxidised surface would no longer adsorb appreciable quantities of hydrogen. It would appear 
that the processes whereby the hydrogen is removed from the surface destroy the possibility 
of hydrogen’s being adsorbed on the oxidised surface. 

The Adsorption of Hydrogen.—(i) On an oxidised surface. When first prepared, the oxidised 
surface adsorbed appreciable quantities of hydrogen, viz., 1-5 c.c., but as the research proceeded, 
the adsorption decreased and finally became negligible. A series carried out immediately after 
the series with carbon monoxide mentioned previously (see above) gave the following heats for 
successive admissions of 0-20 c.c., viz., 72-2, 71-4, 74-2, 73-1, 74-9, 72-1 kg.-cals. The heats were 
constant after 6—8 mins. A similar series was carried out without the use of helium as a 
diluent gas, and similar values were obtained. The hydrogen has obviously entered into chemical 
combination with the surface as hydroxide. The adsorbed hydrogen is very difficult to remove 
even on long treatment at 450°. 

While the surface was active towards hydrogen, experiments were carried out to determine 
if oxygen could be adsorbed on the surface containing hydrogen. Thus, 1-56 c.c. of hydrogen 
were adsorbed on the oxidised surface and this was followed by 0-203 c.c. of oxygen. Only 
0-06 c.c. of oxygen was adsorbed, which is the normal amount of oxygen adsorbed on the oxidised 
surface. The adsorption of hydrogen has not produced any permanent unsaturation of the 
surface, and this is what would have been expected in view of the high heat of adsorption of 
hydrogen. If, however, the oxygen and hydrogen were admitted together in the proportion 
of 2H, + O,, then oxygen disappeared from the gaseous phase with the hydrogen, with an 
average heat of 86 kg.-cals. It appears, therefore, that the surface is rendered unsaturated by 
the hydrogen, but that this unsaturation rapidly disappears, with the evolution of large 
quantities of heat. 

(ii) On a veduced surface. WHydrogen is adsorbed on the reduced surface to the extent of 
about 6 c.c., and the heat of adsorption is lower than on the oxidised surface, viz., 36 kg.-cals. 

Adsorption of Carbon Dioxide.—(i) On an oxidised surface. Successive admissions of 0-6 c.c. 
gave the following values : 17-9, 17-9, 17-6, 17-0, 17-3 kg.-cals. These were constant after 11 mins. 
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Other series gave similar results. Very little of this gas could be desorbed at room temperature. 
For instance, of 0-6 c.c. admitted (5th admission), calculations made from the heat of desorption 
showed only 0-1 c.c. to be desorbed. This behaviour is quite different from that of carbon 
dioxide on zinc oxide and the spinel ZnO,Cr,O3, for in these cases the gas is desorbed quantit- 
atively at room temperature. With a heat of adsorption of 17-3 kg.-cals., this points to the 
presence of an activation energy for the adsorption of carbon dioxide on chromium oxide. 

(ii) On a partly reduced surface (reduction = 16-7 c.c. of carbon monoxide). The heats of 
adsorption were 21-4 and 21-0 kg.-cals. for two successive admissions. 

(iii) On a reduced surface. The heats fell away rapidly with time, and approached a constant 
value only at the 20th minute. One series gave 30-9, 28-3, 28-4, 28-3, 24-0, 21-2 kg.-cals. for the 
20th minute. There is thus an increase in the heat of adsorption on passing from the oxidised 
to the reduced surface. 

No appreciable quantities of oxygen are adsorbed on the oxidised surface saturated with 
carbon dioxide, but 0-47 c.c. of carbon monoxide can be adsorbed on an oxidised surface saturated 
with carbon dioxide, showing that all of the centres on which carbon monoxide can be adsorbed 
are not occupied by the dioxide. 

Desorption of Gas from Surface Treated with Carbon Monoxide and Carbon Dioxide.—It has 
been shown that the heats of adsorption of carbon monoxide and dioxide on a hydrogen-free, 
oxidised surface are of a similar magnitude, viz., 29—22 and 18 kg.-cals., respectively. If 
carbonates were formed in each case, it would have been expected that the heat of adsorption 
of carbon monoxide would be considerably greater than that of carbon dioxide, as it is in fact 
on MnO and ZnO,Cr,O,. Attempts were therefore made by Mr. T. Ward to test if the adsorption 
complex were the same in the two cases: 3-82 g. of oxide were completely oxidised at 450°, 
either carbon monoxide or the dioxide being adsorbed on the surface at room temperature, and 
the quantity of carbon dioxide evolved during evacuation for an hour was measured for a range 
of temperatures. The temperature of the oxide was raised in stages to 70°, 120°, 170°, 220°, 
270°, 320°, 370° and 420°. The results are in Table III. 


TABLE III. 
CO on the oxidised surface. 
p 120° 170° 220° 270° 320° 370° 420° 
C.c. evolved . 0-110 0-016 0008 0-004 0-007 0-013 0-047 
CO, on the oxidised surface. 
Pp 120° 170° 220° 270° 320° 370° 420° 
C.c. evolved ‘ . 0-111 0-071 0-016 0-027 0-039 0-047 0-142 
CO on the reduced surface. 
p 70° 120° 170° 220° 270° 320° 370° 420° 
C.c. evolved . 0-110 0-057 0-007 0-002 0-001 0-001 0-003 0-038 
CO, on the reduced surface. 


p 70° 120° 170° 220° 270° 320° 370° 420° 
C.c. evolved “ 0-13 0-004 0-001 0-001 0-000 0-000 0-001 0-055 


The bulk of the gas in the four experiments is evolved as carbon dioxide over the range 
20—120°, and little over the range 120—370°. Gas is evolved at 420—450°, but in smaller 
quantities than over the lower temperature range. There is no marked difference between the 
rates of decomposition of the adsorption complexes formed from carbon monoxide and dioxide, 
and the conclusion to be drawn is that the product is the same in both cases. 


DISCUSSION. 


Adsorption on Chromic Oxide.—The chromic oxide used in this investigation underwent 
a progressive decrease of activity with time. This was shown by the decreased capacity for 
the adsorption of hydrogen and carbon monoxide on the oxidised surface. The decreased 
activity is very probably due to crystallisation of amorphous material at the temperature 
of the baking out, viz., 450°. The work on the adsorption of oxygen on the partly reduced 
surface indicates also that there is present uncrystallised material in the solid. The solid 
probably consists of very small crystals, bound together by disorganised matter, and 
contains large and small capillary passages, the smallest of which are only opened up on 
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reduction. The reduced surface is therefore considerably larger than the oxidised surface, 
which is in accord with the greater adsorption observed on the reduced surface. 

Not only does the solid undergo a process of sintering at 450° but there is also evidence 
in favour of the view that there is considerable mobility of oxygen at this temperature. 
Thus the vacant spaces produced on reducing the surface with carbon monoxide disappear 
on baking out at 450°, This is most probably due to the diffusion of oxygen atoms out of 
the disorganised material to the surface of the grains. 

Carbon monoxide is adsorbed on the oxidised surface with a relatively low heat, viz., 
29—22 kg.-cals., the bulk of the gas being adsorbed with the latter heat. There are at 
least two types of adsorption centres, for on desorption carbon dioxide is liberated over two 
ranges of temperature, viz., 20—120° and 420—450°. The heat for the reduced surface 
covers a wider range, viz., 28--12 kg.-cals. The heats for the adsorption of carbon 
monoxide are surprisingly low if we bear in mind the corresponding heats for the adsorption 
of carbon dioxide for the oxidised and the reduced surface, viz., 18 and 30—21 kg.-cals., 
especially as the rates of desorption of the dioxide are very similar in the two cases. If 
carbon monoxide and dioxide each gave the same products on adsorption, we should expect 
that the heat of adsorption of the former would be considerably larger than that of the 
latter, whereas they are of the same order. The explanation is to be sought in the un- 
saturation of the surface produced by the carbon monoxide. This unsaturation persists 
for a sufficient length of time for it to be detected by the adsorption of oxygen afterwards. 
In the case of carbon monoxide, the process of adsorption can be depicted as follows : 


CO 

® @ i O CO; Ss 

Yt & eX gy 
There will be left vacant one unsaturated position on the surface for every carbonate ion 
produced. The heat of adsorption of oxygen on such positions is very high, viz., 110 
kg.-cals. There is sufficient energy available for the dissociation of the oxygen molecule, 
so that one oxygen atom can enter the vacant position and the other can diffuse until it 
finds another similar position. On removal of carbon dioxide from the monoxide-treated 
surface during the baking out, a portion of the unsaturation energy is lost by some reorganis- 
ation of the surface, probably due to the movement of the positions of unsaturation into 
adjacent positions and the formation of new valencies between the metal and oxygen 
atoms. The heat of reaction of oxygen with the reorganised surface is (on this account) 
much lower, viz., 55 kg.-cals. (see Expts. 8, 9, and 10, p. 896), so that approximately 55 kg.- 
cals. are lost during reorganisation; and this process probably occurs at a relatively low 
temperature, viz., 70—120°, since a surface covered with carbon monoxide behaves like one 
covered with dioxide at these temperatures. We can draw up the following balance sheet 
for reactions of oxygen and carbon monoxide and dioxide with the surface, the values 
taken being those for the oxidised surface where the heats have a precise meaning : 


(1) 2XO + CO —~— XCO, + X + 29 kg.-cals. 
(2) 2XO + CO, —~ XCO, + XO + 18 kg.-cals. 
(3) X-+40,—~ XO - 55 kg.-cals. 

(4) CO-+ 40,—~ CO, + 68 kg.-cals. 


The sum of the heats liberated in (1) and (3) should be the same as the sum for (2) and (4). 
They are so within the experimental error; hence the heat of formation of the surface 
carbonate is the same by the two methods. 

Hydrogen is very strongly held by the oxidised material, giving heats of adsorption 
of 72 kg.-cals., and cannot be removed from the surface without some destruction of the 
activity of the catalyst. There must be formed a surface chromium hydroxide, and the 
haphazard splitting off of water molecules from this substance must leave some isolated 
hydroxyl groups on the surface. These can form water only if there is some mobility of the 
hydroxyl groups or hydrogen atoms over the surface to bring them together in pairs. 
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The high energy of adsorption of hydrogen probably leads to a high activation energy for 
movement over the surface, so that the removal of the last traces of water requires a high 
temperature. The action of carbon monoxide in ejecting water from the surface is probably 
due to the increased surface mobility brought about during the adsorption of this gas. The 
heat of adsorption on the reduced surface is considerably lower, viz., 36 kg.-cals. 

It is of interest to note that the adsorption of hydrogen does not leave the surface 
unsaturated, and this is readily understood since a hydrogen molecule will produce two 
adjacent hydroxyl groups on the surface, and probably at the same time two adjacent 
unsaturated positions. The latter will probably disappear with the liberation of heat, and 
this accounts for the high heat of adsorption of hydrogen. A possible mechanism for this 
process is given below : 


H, H H H H 

If, however, oxygen is present at the time the hydrogen is being adsorbed, then some of 
the oxygen molecules can combine with the surface before the unsaturation can disappear. 
The spinel behaves in a very similar fashion. 

The fact that the adsorption of carbon monoxide on a surface which has been thoroughly 
treated with hydrogen and then baked out is higher, viz., 60 kg.-cals., than on a surface 
free from hydrogen, viz., 22 kg.-cals., is also of some interest, since it shows that the presence 
of isolated hydroxyl groups on the surface facilitates the reorganisation of the surface 
energy. 

The heats of adsorption of carbon monoxide, hydrogen, oxygen, and carbon dioxide on 
chromic oxide, zinc oxide, and the spinel are compared in the following table : 


Cr,O;. ZnO,Cr,O3. 
Oxidised. Reduced. Oxidised. Reduced. ZnO. 
29—22* 28-~12* 44—~ 16 15—11 18—-12 
72° 36 48— 13 13— 10 (21) 
37 * 55 * —- 42-9 * —_ 
18 * (30—21) 15—~13 18—~ 16 13—9 
110 45 
* These are the values for the bulk of the gas adsorbed. 


Promoter Action.—The main interest lies in the comparison of the results for spinel and 
chromium oxide. The heat of adsorption of hydrogen is much greater in the case of 
chromium oxide, and this means a tighter binding with the surface. The heat of adsorp- 
tion of carbon monoxide is lower, but the reason for this lies in the very high unsaturation 
energy produced by the adsorption of carbon monoxide on chromium oxide. If this energy 
were set free, as it probably is at high temperatures, the heat of adsorption would be higher 
on the chromium oxide than on the spinel. This is borne out by the fact that there 
is little difference between the heats of adsorption of carbon dioxide on the two solids. The 
heat of adsorption of oxygen on the reduced surface is considerably greater for chromium 
oxide than for the spinel. The principal conclusions to be drawn are (a) that the strengths 
of the binding of hydrogen and oxygen on the surface are greater for chromium oxide than 
for the spinel, (b) that the surface unsaturation of chromium oxide is considerably less 
mobile than that of the spinel, and (c) that the skeleton of the structure of the spinel is 
more stable than that of chromium oxide. 

Hiittig (Tekn. Samfundets Hanglingar, 1936, 5, 125) concluded, from measurements of a 
number of physical and chemical properties of mixed oxides, that the formation of a 
compound occurs on heating in two stages. During the first stage, which is attained at 
relatively low temperatures of degassing, there is produced a surface compound between 
the two oxides, and in the second stage, occurring at higher temperatures, this compound 
is formed as a crystalline lattice. The maximum of catalytic activity and adsorptive 
capacity usually occurs during the first stage. In the case of ZnO,Cr,O,, Hiittig, Radler, 
and Kittel (loc. cit.) show that treatment at 500° is necessary before the characteristic 
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X-ray lines of the spinel appear, so that in the present investigation, where the temperatures 
do not exceed 450°, we are concerned mainly with the first stage during which compounds 
are formed in the non-crystalline material. It is thus the properties of the non-crystalline 
material that determine its catalytic activity. 

In order that an oxide should be a good catalyst, the framework of the non-crystalline 
material must be reasonably stable, behaving similarly to a zeolite in that it does not 
collapse or crystallise under the chemical reactions occurring within it. In addition, there 
must be also considerable mobility of the adsorbed molecules and ions on and away from the 
surface, and this means, in general, low heats of chemisorption. It would appear that zinc 
oxide stabilises the skeleton of the active surface of chromium oxide and at the same time 
increases the general mobility of the atoms composing the complexes formed during 
chemisorption on the surface. 


We wish to express our thanks for grants for the purchase of apparatus to Imperial Chemical 
Industries, Limited, and to the Colston Research Society. 
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192. The Mobility of Growps in 3-Chloro-4-nitro- and in 
5-Chloro-2-nitro-diphenylsul phones. 


By James D. Loupon. 


The reactions of these sulphones with various reagents have been examined and the 
results show that in most, but not all cases, replacement occurs at a centre o or p to 
the nitro-group. Incidental descriptions are given (a) of the homonuclear nitration 
products derived from 3-aminodiphenylsulphone and (6) of the reactivity of 2 : 4-di- 
phenylsulphonylnitrobenzene. 


THE sulphone types here under investigation contain potential anions, represented by the 
chlorine and sulphony] substituents, in positions o or p to the nitro-group and, in providing 
thereby alternative outlets to the activating influence of the nitro-group, differ from the 
2:4 and 4:2-chloronitrodiphenylsulphone types previovsly examined (Loudon and 
Robson, J., 1937, 242; Loudon and Shulman, J., 1938, 1618). It is hoped shortly to 
complete the series with a study of the vicinal isomers. 


Cl Cl Cl Cl 
Oro, no Ph <— Osean —> Com 
(III.) (II.) (I.) (V.) 
SPh SO,Ph SO,Ph Cl NC,Hy, 
¥ MM 
Os — C so, ic Cyso,er NH, O,Ph 
No, No, NH, 0, 0, 
(IV.) ” (IX.) (VIII.) (VII.) (VI.) 


5-Chloro-2-nitrodiphenylsulphone (1) was obtained by oxidation of the thio-ether (II), 
which was formed, together with smaller quantities of the isomeric 4-chloro-2-nitrodi- 
phenyl sulphide, by the action of thiophenol in presence of alkali on 3 : 4-dinitrochloro- 
benzene (III). With the mercaptide reagent in molecular proportion, (II) was regenerated 
from (I), whereas with excess of the reagent, the bis-thio-ether (IV) was formed from (I), 
(II), or (III). In reaction with sodium methoxide, (I) yielded 5-chloro-2-nitroanisole (V), 
and although this replacement of sulphonyl proceeds much more slowly than the reaction 
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yielding (V) from (III) (Blanksma, Rec. Trav. chim., 1902, 21, 321), yet the alternative 
replacement of chlorine from (I) was not promoted, only traces of chloride ions being formed. 
On the other hand, the chlorine of (I) was rapidly replaced in reaction with piperidine, the 
product (VI) being obtained in good yield. At the high temperature (160°) required, the 
interaction of (I) with methyl-alcoholic ammonia was somewhat complicated and yielded 
a mixture of (VII) and (VIII). Apparently the sulphinate simultaneously formed with 
(VII) in the initial stage has reacted with unchanged (I) to give 2 : 4-diphenylsulphonyl- 
nitrobenzene (IX), from which the nitro-group is replaced (IX —-> VIII) by the further 
action of ammonia. The individual stages in the scheme (I) —-> (IX) —~> (VIII) were 
realised and (VIII) was also produced by reduction of (IX). 


SO,Ph SO,Ph SO,Ph 
NO NO 
CO, > ™O > “Onn, 
(X.) (XIV.) NO, 

(XVI.) 

SO,Ph SO,Ph SO,Ph SO,Ph 
O 

NO, NH, NH, 
(XV.) (XL) (XIL) (XIIL.) 


As a preliminary to the preparation of 3-chloro-4-nitrodiphenylsulphone an examination 
was made of the nitration products obtainable from the acetyl and p-toluenesulphonyl 
derivatives of 3-aminodiphenylsulphone (X). It has frequently been observed (Ullmann 
and Gross, Ber., 1910, 48, 2694; Bell, J., 1928, 2770) that the directive powers of these two 
acylamido-groups are very different and, in the present case also, a marked difference in the 
proportions of nuclear substitution products is observed. From both sources the required 
amine (XI) was obtained and its structure was proved by the fact that it yielded the same 
diamine (XII) and quinoxaline derivative as 3-nitro-4-aminodiphenylsulphone (XIII). 
Whereas, however, in the sulphonamide series the chief accompanying tsomer was nitrated 
para to the amide group—the corresponding amine (XIV) was identified by conversion 
into (I)—the main by-product from the acetyl compound yielded on hydrolysis a different 
amine, to which, because of its relationship to vicinal compounds not described here, the 
structure (XV) is assigned. Despite the use of a very weak nitrating solution there was 
always produced from the sulphonyl] derivative of (X) a quantity of dinitrated material 
and, since the same product was obtained by nitrating the sulphonamides of (XI) and 
(XIV), its structure corresponds to that given for the amine (XVI), which it yields when 


hydrolysed. 
SO,Ph SO,Ph z SO,Ph 
(IV.) <— 
ax) <— Csr aks Cr ng Cc 
NO, NO, NH, 
(XXL) (XVIL.) (XVIIL.) 
SO,Ph SO,Ph \ SO,Ph 
Chow l Osea 
No, Me No, 
(XIX.) 
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3-Chloro-4-nitrodiphenylsulphone (XVII) was obtained from the amine (XI) by the 
Sandmeyer process and, in reaction with methyl-alcoholic ammonia, was converted partly 
again into this amine and partly, by replacement of the nitro-group, into 3-chloro-4-amino- 
diphenylsulphone (XVIII), which was also formed when (XVII) was reduced. Corre- 
sponding to the chlorine replacement in the isomeric sulphone, piperidine with (XVII) gave 
the piperidino-compound (XIX). With sodium methoxide the nitro-group of (XVII) 
was replaced, yielding (XX), but, though the compound was not isolated, the production 
of chloride ions during the reaction indicated also the formation of (X Xa). The formation 
of (X XI) from (XVII) by the action of alkaline thiophenol provided a notable exception 
to the preferred sulphonyl replacements observed with this reagent in other cases (loc. cit. 
and cf. [—~> II). The structure of (X XI) was confirmed by oxidising the compound to 
2 : 4-diphenylsulphonylnitrobenzene (IX), from which it was again formed, accompanied 
by (XXII; Y= SPh), in reaction with the mercaptide. It is remarkable, in this 
connection, that by the action of ammonia, piperidine or sodium methoxide on (IX) only 
one product (XXII; Y = NH,, NC;H,9, or OMe)—formed by replacement of the nitro- 
group—could be isolated in each case. The reactions of (IX) correspond, therefore, with 
those of the 2 : 4-dinitro-1 : 5-diarylsulphonylbenzenes (XXIII) examined by Livingston 
and Loudon (J., 1937, 246), except that in the latter compounds, presumably because of the 
increased activation at the centres concerned, only the sulphonyl groups are replaced in 
reaction with mercaptides. 


SO,Ph SO.R 


NO 
(XXII) SO,Ph Csr (X XIII.) 


No, 


The results obtained show that the mobility of groups in these chloronitrodiphenyl- 
sulphones is largely but not completely controlled by the activating influence of the nitro- 
substituent. The conversion of 1 : 5-dichloro-2 : 4-dinitrobenzene into 1 : 2: 4: 5-tetra- 
arylsulphonylbenzenes by the action of sulphinates (Livingston and Loudon, loc. cit.) 
finds its counterpart here in the formation of 1 : 2 : 4-tri-p-tolylsulphonylbenzene from sodium 
p-toluenesulphinate and 3 : 4-dinitrochlorobenzene, though the phenyl analogue is not so 
readily produced in this way. 

EXPERIMENTAL. 


5-Chloro-2-nitrodiphenyl Sulphide (II1).—An aqueous-alcoholic solution containing sodium 
hydroxide and thiophenol in molecular proportion was added slowly to a cooled solution of 
1-chloro-3 : 4-dinitrobenzene in alcohol. After several hours, the resulting precipitate was 
purified from acetic acid and formed yellow crystals, m. p. 127° (Found: N, 5:4, C,,H,O,NCIS 
requires N, 5-3%). The alcoholic mother-liquor, on dilution with water, gave 4-chloro-2- 
nitrodipheny! sulphide, m. p. and mixed m. p. 86° after purification (Loudon and Shulman, 
loc. cit.), and also some phenyl disulphide. With a higher reaction temperature or a greater 
quantity of mercaptide there was produced 2 : 4-diphenylthionitrobenzene (IV), which, however, 
was best obtained from the mercaptide and (I) in hot alcoholic dioxan. It formed yellow plates, 
m. p. 120°, from acetic acid (Found: N, 4:25. C,,H,,;0,NS, requires N, 4-1%). The corre- 
sponding bis-sulphone (IX), obtained by oxidation with hydrogen peroxide in acetic acid, had 
m. p. 160° (Found: N, 3-6. C,,H,,0,NS, requires N, 3-5%). 

5-Chloro-2-nitrodiphenylsulphone (1) was obtained by oxidising (II). It formed fine needles 
or plates from acetic acid and had m. p. 186—187° (Found: N, 4-9. C,,H,O,NCIS requires 
N, 4:7%). The sulphide (II) was re-formed from (I) by the action of the mercaptide (1 mol.) 
in cold alcoholic dioxan. When heated for a few minutes with piperidine, (I) yielded 2-nitro-5- 
piperidinodiphenylsulphone (VI), golden-yellow needles, m. p. 192° (Found: N, 81. 
C,,H,,0,N,S requires N, 8-1%). When a solution of the sulphone (I) and sodium methoxide 
in methyl-alcoholic dioxan was refluxed for 1 hour, the material which separated on cooling was 
unchanged (I), but the mother-liquor, on dilution with water, yielded 5-chloro-2-nitroanisole, 
m. p. and mixed m. p. 73—74° (Blanksma, loc. cit.). 

Action of Methyl-alcoholic Ammonia on (I).—The materials were heated in a sealed tube at 
160° for 6 hours. On cooling, the separated solid (A) was removed and the filtrate was distilled 
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in steam, yielding a yellow solid distillate which, after crystallisation from alcohol, was identified, 
m. p. and mixed m. p. 125°, as 5-chloro-2-nitroaniline (Laubenheimer, Ber., 1876, 9, 1826). 
The solid (A) was crystallised from acetic acid after refluxing with charcoal. It formed fine 
colourless needles of 2: 4-diphenylsulphonylaniline (VIII), m. p. 203°, which were sparingly 
soluble in acids but could be diazotised in a sulphuric—acetic acid mixture and then coupled with 
B-naphthol (Found: C, 57-8; H, 4-2; N, 4:1. C,gsH,,O,NS, requires C, 57-9; H, 4:0; N, 
3:75%). The same compound was also prepared by the action of alcoholic ammonia on 2: 4- 
diphenylsulphonylnitrobenzene (IX) or, better, by reducing the latter with stannous chloride 
and dry hydrogen chloride in acetic acid (procedure, Heppenstall and Smiles, J., 1938, 899). 

The following p-tolyl analogues of some of the above compounds were prepared by corre- 
sponding methods: 5-chloro-2-nitro-4'-methyldiphenyl sulphide, m. p. 127° (Found: N, 5-2. 
C,3H,,O,NCIS requires N, 5-0%), accompanied by 4-chloro-3-nitro-4’-methyldipheny] sulphide, 
m. p. 121° (Loudon and Robson, loc. cit.); 5-chloro-2-nitro-4'-methyldiphenylsulphone, m. p. 
189° (Found: N, 4:8. C,,H,,0,NCIS requires N, 45%); 2: 4-di-p-tolylthionitrobenzene, m. p. 
105° (Found: N, 4-0. C,,H,,O,NS, requires N, 3-8%); 2: 4-di-p-tolylsulphonylnitrobenzene, 
m. p. 158° (Found: N, 3-4. C,,H,,0,NS, requires N, 3-25%); 2-nitro-5-piperidino-4'-methyl- 
diphenylsulphone, m. p. 178° (Found: N, 7-9. C,sH,.O,N,S requires N, 7-8%). 

Nitro-derivatives of 3-Aminodiphenylsulphone.—3-p-T oluenesulphonamidodiphenylsulphone, 
m. p. 152°, was obtained from the action of p-toluenesulphonyl chloride on the amine (Heppen- 
stall and Smiles, loc. cit.) dissolved in pyridine (Found: N, 3-8. C,,H,,O,NS, requires N, 
36%). It was nitrated by boiling for 20—30 minutes its solution in a nitrating mixture (10 
c.c. per g.) made from acetic acid (100 c.c.) and nitric acid (3 c.c., d 1-4). On cooling, 4-nitro- 
3-p-toluenesulphonamidodiphenylsulphone (A) separated and was at once filtered off from the 
mother-liquor (B). The amide formed pale yellow crystals, m. p. 220°, from acetic acid (Found : 
N, 6-6. C,,H,,0,N,S, requires N, 6-5%) and, on hydrolysis with 80% sulphuric acid at 110°, 
yielded 4-nitro-3-aminodiphenylsulphone (XI), which had m. p. 185° after purification from 
acetic acid (Found: N, 11-1. C,,H,,0,N,S requires N, 111%). Reduction of the amine 
(XI) or of 3-nitro-4-aminodiphenylsulphone (Loudon, J., 1936, 218) by means of alcoholic 
stannous chloride and hydrochloric acid yielded, in each case, 3 : 4-diaminodiphenylsulphone 
(XII), m. p. 126° (Found: N, 11-4. C,,H,,0,N,S requires N, 11-3%), from which 6-phenyl- 
sulphonyl-2 : 3-diphenylquinoxaline, m. p. 196°, was obtained by reaction with benzil in the 
usual way (Found: N, 6-8. C,,H,,0,N,S requires N, 6-6%). 

The filtrate (B), on standing, deposited a second crop of crystals (C) melting indefinitely 
at 150°, and the filtrate from (C), after dilution with water and extraction of the resulting solid 
with a moderate amount of warm alcohol (extract D), gave a further quantity of (C) as a sparingly 
soluble residue. 2-Nitro-5-p-toluenesulphonamidodiphenylsulphone was obtained when the 
alcoholic extract (D) was cooled, after removal, where necessary, of a small initial deposit of (C). 
It melted at ca. 150°, markedly depressed by admixture with (C) and, after two crystallisations 
from acetic acid, formed rosettes of almost colourless crystals having a constant m. p. 152° 
(Found: N, 6-5. C,gH,,O,N,S, requires N, 65%). When hydrolysed with sulphuric acid, 
it yielded 2-nitro-5-aminodiphenylsulphone (XIV), which formed yellow needles, m. p. 235— 
236° (Found: N, 10-25. C,,H,,O,N,S requires N, 10-1%), and gave 5-chloro-2-nitrodiphenyl- 
sulphone (I), identified by mixed m. p. and piperidino-derivative (VI), when submitted to the 
Sandmeyer reaction (Hodgson and Walker’s procedure, J., 1933, 1620). 2: 4-Dinitro-5-p- 
toluenesulphonamidodiphenylsulphone was obtained when the amides from fractions (A) and (D) 
were separately nitrated in an acetic—nitric acid mixture (1:1 by vol.), or when fraction (C) 
was crystallised from acetic acid. It formed colourless silky needles, m. p. 173° (Found: N, 
8°7. C,9H,,0O,N,S, requires N, 8-8%), and was hydrolysed to the corresponding amine (XVI), 
which formed long yellow needles, m. p. 241°, from acetic acid (Found: N, 12-85. C,,H,O,N;S 
requires N, 13-0%). 

3-Acetamidodiphenylsulphone formed rosettes of needles, m. p. 143° (Found: N, 5-3. 
C,,H,,;03NS requires N, 5-1%). The amide (4 g.) was added with stirring to nitric acid (20 c.c., 
d 1-5) at 0°, the mixture poured into ice-water, and the gummy solid washed, dried in air, and 
dissolved in hot alcohol (20 c.c.), from which 4-nitro-3-acetamidodiphenylsulphone separated, on 
cooling, in small, pale yellow crystals, m. p. 154° (Found: N, 8-8. C,,H,,0,;N,S requires N, 
8-75%), which were hydrolysed to the amine (XI) by sulphuric acid at 110°. The alcoholic 
mother-liquor from the acetyl compound yielded, on standing, 2-nitro-3-acetamidodiphenyl- 
sulphone, which crystallised from alcohol—acetic acid in colourless needles, m. p. 187° (Found : 
N, 8-5. C,,H,,0,N,S requires N, 8-75%), and was hydrolysed to 2-nitro-3-aminodiphenyl- 
sulphone, m. p. 171° (Found: N, 10-3. C,,H,gO,N,S requires N, 10-1%). 
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3-Chloro-4-nitrodiphenylsulphone (XVII) was prepared by the Sandmeyer reaction from the 
amine (XI) and had m. p. 133° (Found: N; 4:9. C,,H,O,NCIS requires N, 4:7%). When 
heated for a few minutes with piperidine, it yielded 4-nitro-3-piperidinodiphenylsulphone (XIX), 
m. p. 116° (Found: N, 8-2. (C,,H,,0,N,S requires N, 8-1%). 3-Chloro-4-methoxydiphenyl- 
sulphone (XX), almost colourless prisms, m. p. 111°, was formed (chloride ions were also detected) 
when the sulphone (XVII) was refluxed in a methyl-alcoholic-dioxan solution of sodium 
methoxide (Found: C, 55-0; H, 4-0. C,,;H,,0,CIS requires C, 55-2; H, 3-9%). 

3-Chloro-4-aminodiphenylsulphone (XVIII).—(a) The sulphone (XVII) was reduced with 
stannous chloride in an acetic acid solution of hydrochloric acid (cf. VIII); the resulting amine 
formed colourless crystals, m. p. 197°, from acetic acid (Found: C, 53-8; H, 3-7; N, 5-3. 
C,,H,,O,NCIS requires C, 53-8; H, 3-7; N, 5-2%). (b) The sulphone (XVII) was heated with 
methyl-alcoholic ammonia in a sealed tube at 180° for 5 hours. After filtering from a small 
amount of resinous material, the clear solution was diluted with water; the resulting solid 
slowly crystallised (charcoal) from acetic acid as a mixture of pale yellow prisms and orange 
clusters, which were separated by hand. The light-coloured material was almost pure, having 
m. p. and mixed m. p. 195—196°, with the amine from (a); the orange solid, after repeated 
crystallisation from acetic acid, had m. p. 180—181°, raised to 184° by admixture with 4-nitro- 
3-aminodiphenylsulphone (XI). 

4-Nitro-3-phenylthiodiphenylsulphone (XXI).—The sulphone (XVII) was warmed in aqueous- 
alcoholic solution with molecular proportions of sodium hydroxide and thiophenol. The oil 
which formed, slowly solidified and then crystallised from acetic acid in yellow needles or prisms, 
m. p. 166—167° (Found: N, 3-8. (C,,H,,O,NS, requires N, 3-8%). It gave (a) 2: 4-di- 
phenylthionitrobenzene (IV), m. p. and mixed m. p. 120°, when treated with the mercaptide 
reagent in aqueous-alcoholic dioxan, and (b) the corresponding bis-sulphone (IX), m. p. and 
mixed m. p. 159°, with hydrogen peroxide in acetic acid. 

Reactions of 2:4-Diphenylsulphonylnitrobenzene (IX).—(a) For reaction with ammonia, 
see (1) above. (b) Heated with piperidine at 100°, it gave 1-piperidino-2 : 4-diphenylsulphonyl- 
benzene, m. p. 156° (Found: N, 3-3. C,3H,;0,NS, requires N, 3-2%). (c) A solution of (IX) 
in methyl-alcoholic dioxan containing sodium methoxide, refluxed for 30 minutes, yielded 
2 : 4-diphenylsulphonylanisole, which crystallised from methyl alcohol in woolly needles, m. p. 
176° (Found: C, 58-6; H, 4:0. C,H,,0;S, requires C, 58-7; H, 4:1%). (d) Molecular 
proportions of (IX), thiophenol, and sodium hydroxide were heated for a short time in alcoholic 
dioxan. The crystalline precipitate obtained consisted mainly of a colourless solid, mixed with 
some yellow material. The mixture was crystallised from much acetic acid and gave 2 : 4-di- 
phenylsulphonyldiphenyl sulphide in long colourless needles, m. p. 221° (Found: S, 20-3. 
C,,H,,0,S, requires S, 20-6%), which were oxidised to 1 : 2 : 4-iviphenylsulphonylbenzene, m. p. 
198° (Found: S, 18-95. C,,H,,0,S, requires S, 19-3%). The combined mother-liquors from 
the mercaptide reaction and the crystallisation of the above sulphide yielded, on dilution and 
purification of the resulting solid, 4-nitro-3-phenylthiodiphenylsulphone (XXI), m. p. and 
mixed m. p. 166° 

The following compounds were prepared by similar reactions from the p-tolyl analogue of 
(IX) : 1-piperidino-2 : 4-di-p-tolylsulphonylbenzene, m. p. 163° (Found: N, 3-2. C,;H,,O,NS, 
requires N, 3-0%); 2: 4-di-p-iolyisulphonyl-4'-methyldiphenyl sulphide, m. p. 220° (Found: S, 
18-6. C,,H,,0,S, requires S, 18-99%); 1: 2: 4-tri-p-tolylsulphonylbenzene, m. p. 185° (Found : 
S, 17-5. Cg,H,,O,S, requires S, 17-8%), and 4-nitro-3-p-tolylthio-4'-methyldiphenylsulphone, 
m. p. 124° (Found: N, 3-65. C,,H,,O,NS, requires N, 3-5%). 

Action of Sodium p-Toluenesulphinaie on 3: 4-Dinitrochlorobenzene.—A solution of the 
nitro-compound in dioxan was added to an excess of the sulphinate dissolved in hot ethylene 
glycol and the resulting homogeneous solution was refluxed for 24 hours. The solid which was 
obtained on cooling and dilution with water was washed with alcohol and fractionally crystal- 
lised from acetic acid. The first fraction, consisting of colourless needles, was identified, m. p. 
and mixed m. p. 183—185°, as 5-chloro-2-nitro-4’-methyldiphenylsulphone, and a second 
fraction, after further purification from acetic acid, melted at 182°, depressed by fraction I but 
raised to 184—185° by admixture with 1 : 2: 4-tri-p-tolylsulphonylbenzene. 
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193. The Constitution of Yeast Ribonucleic Acid. Part II. 
Guanine-uridylic Acid. 


By RopERIcK FALCONER, J. MASSON GULLAND, G. IVAN HospaAy, and 
ELISABETH M. JACKSON. 


From the products of the aqueous hydrolysis of yeast ribonucleic acid Bredereck and 
Richter isolated guanine-uridylic acid, whereas Levene and Tipson were unable to 
prepare this compound and denied its existence. It is now shown that samples of 
ribonucleic acid supplied by certain firms yield guanine-uridylic acid, whereas those 
supplied by others do not. This implies the existence of two types of nucleic acid, 
possibly interconvertible, and throws doubt on the conclusion of Bredereck that 
guanine-uridylic acid is a secondary product of the procedure used in its preparation. 
Evidence bearing on the structure of guanine-uridylic acid is discussed, and the results of 
similar experiments on nucleic acids are considered. It is demonstrated that the group 
in ribonucleic acids shown by Gulland and Jackson to be resistant to enzymic fission 
is not that which unites the components of guanine-uridylic acid. 


GUANINE-URIDYLIC acid (I) was isolated by Bredereck and Richter (Ber., 1936, 69, 1129) 
from the products of the warm aqueous hydrolysis of yeast ribonucleic acid, supplied by 
N=C-OH the firm of Boehringer in Germany. It was 
ag’ described as monobasic, amorphous, readily 
H UE CO oe hydrolysed to guanine and uridylic acid, but 
HO-CH —t—O-t- 8 apparently not deaminated by nitrous acid, 
although quantitative estimations of amino- 
H ; : 
L.94———— nitrogen were not recorded. Its existence was 
mei held to indicate the probable presence of hitherto 
Pdr ted P-N linkages in nucleic acid 

O—P—NH—C C—NH unsuspected P-N linkages in nucleic acids. 

Subsequently, however, Bredereck, K6thnig, 


| |? CH and Lehmann (Ber., 1938, 71, 2613) con- 


oe cluded that guanine-uridylic acid may not 
) be a structure inherent in the molecule of 
ribonucleic acid, but is more probably a secondary product of its hydrolysis. It was also 
deduced that the amino-groups of the purines and pyrimidines in ribonucleic acid are not 
substituted but are present as —NH,; that the earlier failure to deaminate guanine- 
uridylic acid was to be attributed to too low a temperature and too short a duration of 
experiment; and that the union between guanine and uridylic acid was to be sought in an 
ester linkage between the phosphoryl radical and the hydroxyl group of guanine (Bredereck, 
“ Nucleinsauren, Fortschritte der Chemie organischer Naturstoffe,” 1938, I, 154, Springer, 
Vienna). 

Tipson and Levene (J. Biol. Chem., 1939, 127, 105) criticised Bredereck and Richter for 
failing to obtain a substance of the alleged composition (I) in crystalline condition. Using 
a yeast ribonucleic acid of presumably American origin, they followed the directions of the 
German authors for the preparation of guanine-uridylic acid, and obtained substances 
having approximately the theoretical analytical compositions required for (I). The 
properties of these substances, however, showed clearly that they were mixtures of guano- 
sine and purine nucleotides; no traces of pyrimidine nucleotides were found. These 
authors therefore concluded that no sufficient evidence has as yet been furnished in support 
of the view that the individual nucleotides are linked through P-N linkages in ribonucleic 
acid. 

In view of these discrepant results it seems desirable to record our experiments on this 
question. Six attempts were made to prepare guanine-uridylic acid from yeast ribo- 
nucleic acid supplied by British Drug Houses Ltd., following the directions of Bredereck and 
Richter. In five of these, one specimen of the acid being used, mixtures of guanosine and 
guanylic acid in the ratio 30 : 70 were the invariable products ; these mixtures had approxi- 
mately the analytical composition required by guanine-uridylic acid, and their components 
were readily separated. The sixth attempt, made with another specimen of B.D.H. yeast 





908 Falconer, Gulland, Hobday, and Jackson: The Constitution of 


nucleic acid, resulted in a mixture consisting of guanylic and adenylic acids, guanosine and 
adenosine. In these experiments neither guanine-uridylic acid nor any pyrimidine nucleo- 
tide was found. These results, which were obtained over a year ago, agree closely with the 
observations of Tipson and Levene, and had we reported our findings at that date we should 
undoubtedly have written substantially the same account and come to the same conclusion 
as these authors. 

It seemed improbable, however, that Bredereck and his collaborators could have been 
so deceived by their results as the acceptance of these conclusions would have implied. 
Accordingly we investigated the isolation of guanine-uridylic acid from samples of yeast 
ribonucleic acid supplied by the firms of Boehringer and Merck, and had no difficulty in 
preparing guanine-uridylic acid by the method of the German authors. It was a hygro- 
scopic, amorphous, monobasic acid, which readily underwent hydrolysis at alkaline re- 
actions to guanine and uridylic acid with consequent liberation of a second acidic group, 
as shown by forward and backward titrations. Moreover, purification of guanine-uridylic 
acid was effected through the lead salt, prepared by means of neutral lead acetate; this 
in itself is a proof of the state of combination, and not admixture, of the two components. 

There are two alternative constitutions for guanine-uridylic acid; it may contain a 
P-NH linkage, or an ester linkage between the phosphoryl radical and the lactim form of 
the CO-NH linkage of guanine as now advocated by Bredereck. The choice between these 
cannot yet be made with certainty, but the balance of evidence seems to be in favour of 
the P-NH linkage of structure (I). 

First, van Slyke estimations of amino-nitrogen showed that guanine-uridylic acid (I), 
guanylic acid, guanosine, guanine (II) and phenylphosphorylguanine (III) underwent de- 
amination at 0° and 20°. At 0° guanine-uridylic acid and phenylphosphorylguanine 
reacted more slowly than the others (Table I), but at 20° there was no difference in the rates 
of deamination of guanine-uridylic acid and the guanine derivatives (II) with free amino- 
groups. 

omit z One we xij = N 
Scu 


sm {5 
(I.) pice “a th a 


R = H in guanine. PhO-PO(OH)-NHPh (V.) 
= ribose in guanosine. PhO-PO(OH)-NH, (V.) 
= ribose-3-phosphate in guanylic acid. PhO-PO(OH):-NH:> “CPh: NH (VI) 


These results are consistent with the presence of the phospho-amide group in guanine- 
uridylic acid; this linkage is attacked readily by nitrous acid, the original isolation of 
guanine in poor yield by Bredereck after attempted deamination of guanine-uridylic acid 
being the result of incomplete reaction.* 

Secondly, electrometric titrations with alkali of phenylphosphoanilide (IV), phenyl- 
phosphorylbenzamidine (VI), phenylphosphorylguanine (III), and guanine-uridylic acid 
(I) tend to support the P—N linkage. These results, and other electrometric titrations, 
will form the subject of a future publication. 

On the other hand, comparison of the stabilities towards alkali of guanine-uridylic acid 
and analogous compounds provides the only evidence which at present can be invoked to 
support the alternative lactim-phospho-esterstructure. Back-titration with acid of guanine- 
uridylic acid after it had been kept for 24 hours at #_12 showed that under these conditions 
alkaline hydrolysis had liberated one additional acidic group, and it will be shown below 
that this hydrolysis occurs even at pg 8-6. The phospho-amide linkage is usually regarded, 
however, as being relatively stable, and this is confirmed by our experience that phenyl- 


(III.) 


* Tipson and Levene (J. Biol. Chem., 1939, 127, 105) state ‘‘ In disagreement with these authors ” 
(Bredereck and Richter) “‘ our substances gave in van Slyke’s apparatus an amount of nitrogen equiv- 
alent to about 20% of the total nitrogen.” Bredereck and Richter do not record any experiments with 
van Slyke’s apparatus as imputed by Tipson and Levene. Had they done so, they would not have 
gained the impression that guanine-uridylic acid is stable to nitrous acid. 
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phosphoanilide (IV), phenylphosphoamide (V), phenylphosphorylbenzamidine (VI) and 
phenylphosphorylguanine (III) are stable at pq 8-6 under conditions in which guanine- 
uridylic acid is labile. In fact, 1% sodium hydroxide solution at 20° effects fission of 
phenylphosphorylguanine into phenol and phosphorylguanine more readily than it attacks 
the P-N linkage. Nevertheless, the value of this evidence may not be great, since these 
results have been obtained with derivatives of phenylphosphoric acid, and it is not known 
to what extent comparisons between aromatic and aliphatic esters of phosphoric acid are 
permissible; it seems that massing of aromatic radicals in the ester groups increases the 
stability towards alkaline fission, since Kipping and Challenger (J., 1911, 99, 626) record 
that the amide, /-menthylamide, and #-toluidide of phenyl-8-naphthylphosphoric acid are 
all very resistant towards alkali. Suitable compounds of glycerophosphoric acid, an» 
example which would yield derivatives more analogous with guanine-uridylic acid, have 
so far defied preparation. Analogues of the lactim-phospho-ester structure are unknown. 

Whatever may be the nature of the linkage between the guanine and uridylic acid 
radicals in guanine-uridylic acid, the preparation of this substance from Boehringer and 
Merck but not from British Drug Houses ribonucleic acid suggests that the first two 
nucleic acids differ from the last as regards the internal linkages of their components, quite 
apart from any question of relative molecular size. The existence of structural differences 
in these samples of nucleic acids is confirmed by an observation that an enzyme prepar- 
ation from beef bone extract absorbed on kaolin liberated, as inorganic phosphate, 100% of 
the phosphorus of British Drug Houses ribonucleic acid, whereas the same preparation 
set free only 75% of the phosphorus of Boehringer and Merck nucleic acids in identical 
conditions. These enzyme results are being investigated further. 

These structural differences may account for variations in the ease of hydrolysis by 
alkali of various samples of yeast nucleic acid recorded without explanation by Steudel 
(Z. physiol. Chem., 1930, 188, 203) and by Makino (ibid., 1935, 236, 201). It is hoped to 
obtain an answer to the question whether the differences between these samples of ribo- 
nucleic acid are inherent in the acids themselves or are brought about by manipulation 
during extraction. As a working hypothesis it seems safe to assume that one of the dif- 
ferences between these samples of ribonucleic acids is the presence of a higher proportion 
of the guanine-uridylic acid complex in situ in the Boehringer and Merck acids than in the 
B.D.H. acid, in which the complex is either absent or present in small amount. As corol- 
laries it is possible that the type of nucleic acid which produces guanine-uridylic acid may 
be convertible by hydrolysis into the other type, or vice versa, and that different specimens 
of yeast ribonucleic acid may be mixtures of these types in varying proportions. 

Quantitative estimations of amino-nitrogen in various nucleotides and nucleic acids 
were carried out by the van Slyke method. At room temperature (Table I) guanosine, 
cytidine and adenosine yielded more than the theoretical amounts of nitrogen, a fact which 
is well recognised (Wilson, J. Biol. Chem., 1923, 56, 183; Richardson, Proc. Roy. Soc., 
1934, B, 115, 142). In similar conditions, B.D.H. yeast and thymus nucleic acids also 
yielded amounts of nitrogen in excess of those required for three amino-groups per tetra- 
nucleotide. When, however, the two sets of results were considered conjointly and allow- 
ance was made for the excess of nitrogen liberated by a purine or pyrimidine radical, it 
was clear that the results for yeast and thymus nucleic acid were in close agreement with 
those required for the presence of three amino-groups. Similar experiments were also 
carried out at 4—5° with adenylic, guanylic and cytidylic acids; adenosine, guanosine 
and guanine; yeast and thymus nucleic acids. At this lower temperature the curves 
representing the deamination of yeast and thymus nucleic acids suggested that possibly 
one only of the three potential amino-groups was undergoing deamination, whereas the 
individual nucleotides and nucleosides were being fully deaminated. These facts, coupled 
with the results now recorded for the behaviour of guanine-uridylic acid in the van Slyke 
apparatus, might be regarded as evidence that yeast and thymus nucleic acids each contain 
one free amino-group in the tetranucleotide, and that two amino-groups are present as 
phospho-amides. Nevertheless, we prefer to record these results without drawing that 
conclusion, and to regard them at present as an indication that much greater care must be 
exercised in the interpretation of deamination experiments than has hitherto been the 
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case. It may be possible at a later date to correlate these facts with other experiments ; 
but the marked dependence of the results of deaminations on temperature, and the danger 
of comparing experiments on suspensions (nucleic acids) with those on solutions (nucleo- 
tides and nucleosides), make it unsafe to place too implicit reliance on interpretations of 
structure based solely on deaminations with nitrous acid. 

In view of what has been recorded above, we do not accept the conclusion of Bredereck, 
K6thnig, and Lehmann that guanine-uridylic acid is necessarily a secondary product; it 
remains an open question whether the complex is inherently present in the natural nucleic 
acid, or is produced during the preparation of the nucleic acid, or is formed in the aqueous 
hydrolysis which results in the isolation of guanine-uridylic acid. It may be mentioned 
that fruitless attempts were made to produce such secondary compounds by warming, and 
boiling, aqueous solutions containing either guanine or adenine and different nucleotides, 
thus simulating the conditions for the fission of ribonucleic acid which precede the isolation 
of guanine-uridylic acid. 

Attention was drawn by Gulland (J., 1938, 1722) to the possibility that the group in 
B.D.H., Boehringer, and Merck ribonucleic acids which resisted enzymic fission and caused 
dephosphorylation to cease at 75% might be the linkage joining the components of guan- 
ine-uridylic acid. Dephosphorylation of guanine-uridylic acid occurred with sheep bone 
phosphomonoesterase, although not with Russell’s viper or water moccasin venoms, but 
further investigation showed that hydrolytic fission in absence of enzyme took place at 
du 8-6 at 37°, the conditions of the enzyme experiments, with consequent deposition of 
guanine. The degrees of hydrolytic fission and enzymic dephosphorylation were of the 
same order, confirming that the effect of phosphomonoesterase was merely the dephos- 
phorylation of uridylic acid set free by mild alkaline hydrolysis. Dephosphyloration by a 
mixture of phosphomonoesterase and either of the snake venoms was much more rapid, 
however, indicating that the venoms contain a phosphoamidase capable of splitting guanine- 
uridylic acid into its components so that the resulting uridylic acid suffers dephosphoryl- 
ation by phosphomonoesterase. The existence of this phosphoamidase has been confirmed 


’ by its hydrolytic action on phenylphosphoamide (V) and phenylphosphorylbenzamidine 
(VI). 

It seems clear, therefore, that the linkage of the guanine-uridylic acid complex is not 
that which defies enzymic fission when mixtures of phosphomonoesterase and either of the 
snake venoms act on yeast ribonucleic acids (Part I; Gulland and Jackson, J., 1938, 1492). 


EXPERIMENTAL. 


Attempted Preparation of Guanine-uridylic Acid from B.D.H. Yeast Ribonucleic Acid.—l. 
[With R. Fatconer.] B.D.H. yeast nucleic acid (100 g. in batches of 10 g.) was added during 
1 hour to water (600 c.c.) stirred and heated on a boiling water-bath. The solution was then 
boiled under reflux for 2-5 hours, allowed to cool to room temperature, and left for 1 hour in an 
ice-bath. The deposited solid was collected, washed with ice-cold water, mixed thoroughly 
with water (70 c.c.), and added to water (55 c.c.) at 90°. The mixture was warmed to 80° to 
effect solution, cooled to 50°, and filtered through a warm water-jacketed Biichner funnel. 
The filtrate was placed in ice for 1 hour, and the precipitate collected, washed with ice-water, 
mixed thoroughly with water (15 c.c.), and added to boiling water (15 c.c.). The mixture was 
warmed to effect solution, cooled to 50°, filtered through a warm water-jacketed funnel, and the 
filtrate cooled in ice for 1 hour. The precipitate was collected, washed with ice-water, and 
purified by being dissolved four successive times in warm water and caused to separate by cooling 
in ice. Finally the colourless amorphous material (A) was washed with alcohol and ether and 
dried at 100° in a vacuum over phosphoric oxide (Found in material from four different experi- 
ments: N, 21-1, 22-0, 22-0, 21-1; P, 5-8, 6-3, 6-3, 6-4%. See below for percentages required 
for guanine-uridylic acid). 

Separation into guanylic acid and guanosine. (a) Through the lead salts. 20% Neutral lead 
acetate solution was added to the material A (0-40 g.) in warm water (10 c.c.) until there was no 
further precipitate. The lead salt was collected, washed thoroughly with water, decomposed 
with hydrogen sulphide in water, and the lead sulphide again treated with hydrogen sulphide 
in hot water. The filtrates were combined, freed from hydrogen sulphide by a current of air, 
concentrated in a vacuum at 40° to small bulk, and poured into alcohol (100 c.c.). The colour- 
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less amorphous precipitate of guanylic acid (0-25 g.) was centrifuged and washed with alcohol 
and ether; it decomposed at 179—181° (Found for material dried at 100° in a vacuum over 
phosphoric oxide: N, 19-1; P, 8-4. Calc. for CyH,,O,N,;P: N, 19-3; P, 85%), and when 
hydrolysed by hot dilute hydrochloric acid yielded needles of guanine hydrochloride, furfural, 
and phosphoric acid. 

The filtrate from the neutral lead acetate treatment (above) was made alkaline with ammonia, 
and lead acetate and ammonia were added until there was no further precipitate. The lead 
salt was collected and decomposed thoroughly with hydrogen sulphide as described above and 
the filtrates were concentrated at 40° under reduced pressure until crystals began to form. 
Guanosine was collected when cold and recrystallised from water, forming needles, m. p. 238° 
(decomp.) (Found for material dried at 100° in a vacuum over phosphoric oxide: N, 25-0. 
Calc. for C,,H,,0;,N,: N, 24:7%). It was free from phosphorus, gave a murexide test, 
and when hydrolysed by hot dilute hydrochloric acid yielded guanine hydrochloride and 
furfural. 

(b) Through picrate and brucine salt. The picrate, decomp. 190—195°, which separated 
when a saturated aqueous solution of picric acid was added to an aqueous solution of material 
A was collected, washed, and decomposed by being shaken with dilute sulphuric acid and ether. 
The sulphuric acid was removed as barium sulphate from the aqueous layer, rhodizonic acid 
being used as an indicator, and the resulting filtrate was concentrated under reduced pressure 
to small volume. Guanosine separated from the cold solution (Found for dried material : 
N, 25-1. Calc. for C,,H,,0;N,: N, 24:7%); it gave murexide and pentose tests, and when 
hydrolysed by hot 5% sulphuric acid, followed by neutralisation with ammonia, yielded guanine 
(Found: N, 46-2. Calc. for CSH;,ON,: N, 46-4%). 

When the faintly alkaline solution obtained by dissolving brucine in an aqueous solution of 
the material A was kept in the refrigerator, brucine guanylate, m. p. 200° (decomp.), slowly 
separated in needles. 

Ratio of guanylic acid and guanosine in mixture A. (a) Titration. 0-07121 G. in 26 c.c. of 
distilled water required 13-96 c.c. of N/50-sodium hydroxide for neutralisation to phenolphtha- 
lein, and 0-0495 g. in 25 c.c. of distilled water required 4-90 c.c. of N/50-sodium hydroxide for 
neutralisation to bromocresol-green. Whence it follows that material A contained 70-0% of 
guanylic acid; the calculated values given below are based on a mixture of 70% of guanylic acid 
and 30% of guanosine. Jones and Richards (J. Biol. Chem., 1914, 17, 71) obtained a 50: 50 
mixture of guanylic acid and guanosine. 

(b) Acid hydrolysis. Material A (200 mg.) was heated for 4 hours on a water-bath with 5% 
sulphuric acid (5 c.c.). The hot solution was neutralised with ammonia and cooled, and after 
some hours the precipitated guanine (73 mg.) was centrifuged, washed, and dried (calc., 90 mg.). 

(c) Alkaline hydrolysis. Material A (100 mg.) was heated for 4 hours with 4% aqueous 
sodium hydroxide (3 c.c.), and the solution neutralised with acetic acid and left overnight in 
the refrigerator. The guanine which separated (42-7 mg.) was centrifuged, washed with alcohol 
and ether, and dried (calc., 45-0 mg.). 

(d) Amino-nitrogen estimation. 1-04 C.c. of a solution of material A (0-1112 g.) in water 
(6 c.c.) were shaken in a micro-van Slyke apparatus for 1 hour at 4—5°, a blank experiment 
being made for the correction (Found: Amino-N, 4:0. Calc., 4-2%). 

Dephosphorylation by enzymes [with E. M. Jackson]. After incubation for 6 hours 83% 
of the total phosphorus had been liberated as inorganic phosphate in a mixture (20 c.c.) of material 
A (7-6 mg.), pg 8-6 borate buffer (5 c.c.), N/10-magnesium sulphate (0-5 c.c.), phosphomono- 
esterase solution (4 c.c., free from diesterase) (Gulland and Jackson, Biochem. J., 1938, 32, 590), 
and water. This hydrolysis is thus much more rapid than that of guanine-uridylic acid in 
similar circumstances (see below). 

Material A did not undergo dephosphorylation by the 5-nucleotidase of Russell’s viper 
venom at p, 8-6 (Gulland and Jackson, Biochem. J., 1938, 32, 597) and hence the phosphoryl 
group of the guanylic acid does not esterify the hydroxy] at C, of the ribose radical. 

II. [With G. I. Hoppay.] Separation into nucleotides and nucleosides. B.D.H. yeast 
nucleic acid (100 g.) was added steadily during 30 minutes to water (600 c.c.) heated on a water- 
bath and stirred mechanically; this acid did not dissolve so readily as Boehringer and Merck 
yeast nucleic acids. Heating and stirring were continued and after 1-75 hours the acid had 
dissolved except for a small residue of gum. The solution was decanted and boiled under 
reflux for 2-5 hours in an oil-bath at 115°. The subsequent treatment followed exactly that 
described below in the case of the Boehringer and Merck nucleic acids, the final purified product 
weighing 0-1 g. This material was divided into nucleotide and nucleoside fractions by succes- 
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sive precipitation with neutral lead acetate and with lead acetate and ammonia respectively ; 
the examination of these fractions is described below. 

The lead salts of the nucleoside fraction were washed, suspended in water, and decomposed 
with hydrogen sulphide, the filtrate from the lead sulphide being concentrated to 10 c.c. and 
left overnight in the refrigerator. The colourless crystals (10 mg.) which had separated (filtrate, 
see below) gave positive murexide and pentose tests, but failed to give the diazo-reaction for 
guanine or to reduce Fehling’s solution unless previously hydrolysed by hot hydrochloric acid. 
The substance was thus guanosine (Found: N, 24-1. Calc. for C,,H,,0,N,: N, 24-7%). 

The filtrate (above) was mixed with aqueous picric acid solution, and the precipitate recryst- 
allised from water. Adenosine picrate separated in yellow plates, m. p. 184°, alone or mixed 
with an authentic specimen. 

The lead salts of the nucleotide fraction were washed, suspended in water, and decomposed 
with hydrogen sulphide, the filtrate from lead sulphide being evaporated to dryness under 
reduced pressure below 40°. Industrial methylated spirit (30 c.c.) was added to a solution of 
the residue (75 mg.) in water (20 c.c.) and the solid which slowly separated was centrifuged 
(solution, see below) and dissolved in water, and the solution concentrated in an evacuated 
desiccator. Guanylic acid separated as an amorphous solid (Found: N, 19:5; P, 8-6. Calc. 
for C,,H,,O,N,;,P: N, 19-3; P, 8-5%), which gave tests for combined guanine, pentose and 
combined phosphate. 

The solution (above) was evaporated to dryness under reduced pressure below 40°, and the 
residue dissolved in water (10 c.c.) and mixed with industrial methylated spirit (20 c.c.). The 
solid was discarded, and the solution again evaporated to dryness. When the residue was 
recrystallised from water, adenylic acid separated in colourless needles, m. p. 193° (Found : 
N, 19-9; P, 8-8. Calc. for C,,H,,O,N;P: N, 20-2; P, 8-9%), which gave no murexide reaction, 
contained pentose and combined phosphate, and yielded a brucine salt, m. p. 173°, in colourless 
needles. 

Ratio of nucleotides and nucleosides. Approximately 75% of the nucleotide was guanylic 
acid, and approximately 90% of the nucleoside fraction was guanosine. The ratio total nucleo- 
tide/total nucleoside was about 80/20. 

Preparation of Guanine-uridylic Acid from Boehringer Yeast Ribonucleic Acid [with G. I. 
Hospay].—(a) A suspension of Boehringer yeast nucleic acid (100 g.) in water (600 c.c.) was 
heated on the water-bath. The solution was decanted from a small amount of sticky solid, 
boiled under reflux in an oil-bath at 115° for 2-5 hours, allowed to cool, and placed in ice for 
l hour. The yellow precipitate was collected, washed three times with ice-water, suspended 
in water (70 c.c.), and added to water (55 c.c.) at 90°. The mixture was heated to 80°, allowed 
to cool to 50°, and filtered, the filtrate being kept for 1 hour inice. The precipitated solid was 
collected, washed with ice-water, suspended in water (15 c.c.), and added to boiling water 
(15 c.c.). This mixture was kept warm until practically complete solution had occurred; it 
was then allowed to cool to 55° and filtered through a warm water-jacketed funnel. The 
guanine-uridylic acid which separated when the filtrate was cooled for 1 hour in ice was purified 
by three successive solutions jn hot water, followed by filtration through a jacketed funnel, 
and cooling in ice, the final material (1-5 g.) being washed with alcohol and ether (Found for 
material dried at 100° in a vacuum over phosphoric oxide: N, 22-2; P, 6-6. Calc. for 
C,,H,,0,N,P: N, 21-4; P, 68%). It was a pale buff, amorphous solid, moderately readily 
soluble in water, especially when slightly warm. An aqueous solution yielded no brucine salt 
and, in the case of most preparations, no picrate, although occasionally guanine picrate separ- 
ated slowly from concentrated solutions, either as the result of hydrolysis or because small 
amounts of uncombined guanine were present (see purification as the lead salt, below). Hydro- 
lysis with boiling 3-8% sulphuric acid yielded guanine sulphate and uridylic acid, identified as 
the brucine salt, and alkaline hydrolysis also gave guanine. 

(6) Boehringer. yeast nucleic acid (100 g.) was added steadily during 30 minutes to water 
(600 c.c.), vigorously stirred and heated on a water-bath. The stirring was continued, and after 
1 hour all solid had dissolved, with the exception of a little gum. The solution was decanted 
and heated under reflux for 2-5 hours in an oil-bath at 115°. The subsequent treatment followed 
that just described, the final yield of guanine-uridylic acid (0-3 g.) often being contaminated by 
traces of guanine. 

Because of the presence of small quantities of impurities in guanine-uridylic acid prepared 
as above, it has been found necessary to supplement the purification by conversion into the 
lead salt, and the details of a typical experiment are recorded below. Guanine-uridylic acid 
(0-7 g.) was dissolved as completely as possible in 30 c.c. of warm water. The solution was 
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filtered from a small insoluble residue (identified as guanine), cooled sufficiently to avoid pre- 
cipitation, and mixed with 20% neutral lead acetate solution until no further precipitate of the 
lead salt of nucleotide separated. This was then centrifuged, and the liquid mixed with ammonia 
and lead acetate until no further precipitate of lead salt of the nucleoside and purine formed. 

The nucleotide lead salt was decomposed by hydrogen sulphide in warm water, and the 
resulting solution concentrated to small volume under reduced pressure at 35° and then in a 
vacuum desiccator. Two fractions of guanine-uridylic acid were obtained as pale buff, hygro- 
scopic, amorphous powders, which were collected (M.L. see below) and ground with alcohol 
[Found for material dried at 110° in a vacuum: (for one of the fractions) C, 36-1; H, 4:5; N, 
21-3; P, 6-7; (for the other) N, 21-3; P, 6-9. Calc. for C,,H,,O,N,P: C, 36-7; H, 3-5; N, 
21-4; P, 6-8%]. When 0-1262 g. in water (50 c.c.) was titrated with 0-0855n-sodium hydroxide, 
with phenol-red as indicator, 3-30 c.c. were required (calc., 3-23 c.c.). A third fraction was 
obtained as a colourless powder by adding several volumes of alcohol to the mother-liquors, 
but this probably contained small amounts of other nucleotides, possibly uridylic acid (Found : 
N, 19-5; P, 7:1%). In normal preparations, the third fraction was neglected. 

The nucleoside lead salt fraction was decomposed with hydrogen sulphide in the usual way, 
and on concentrating the solution under reduced pressure, three fractions were obtained : (a) 
guanine, (b) a mixture of guanosine, guanine, and a trace of nucleotide, (c) guanosine. The 
combined weights of these fractions amounted to only 10—15% of those of the nucleotide 
fractions. 

Preparation of Guanine-uridylic Acid from Merck Ribonucleic Acid [with G. I. Hoppay].— 
The procedure was exactly that described in the case of the Boehringer acid; the guanine- 
uridylic acid formed a pale buff, amorphous powder (Found for material dried at 110° in a 
vacuum: N, 21-2; P, 6-7%). 

Estimations of Amino-nitrogen [with R. FaLconer and G. I. Hoppay].—These were made 
in a micro-van Slyke apparatus, either used normally at room temperature, or so arranged that 
the reaction chamber was immersed continuously in a bath of ice and water, both when at rest 
and when being shaken. Water was the solvent in the case of guanine-uridylic acid, the nucleo- 
tides, nucleosides and phenylphosphorylguanine; the nucleic acids were dissolved in the mini- 
mum amount of very dilute alkali solution and added immediately to the mixture of nitrite and 
acetic acid in the reaction chamber, the nucleic acids being thus precipitated in a very fine 
state of division; guanine was dissolved in a little 2% hydrochloric acid (Wilson, J. Biol. Chem., 
1923, 56, 183). Some results are given in Table I, but in practice the experiments were 
prolonged to 140 minutes and curves were constructed on the basis of estimations made 
at 20-minute intervals. 

TABLE I. 


van Slyke Estimations. 


In each case the lower figure is the percentage deamination at 30 minutes, the higher at 100 minutes. 
The values for nucleic acids are calculated for three amino-groups per tetranucleotide. 
4—5°. 20°. 
Phenylphosphorylguanine = 20, 44 
Guanine-uridylic acid 3 — 110, 130 


Guanine 104, 116 
Guanosine 40, 72 100, 114 


Adenosine 43, 84 94, 108 
Guanylic acid c 75, 110 108, 124 
Adenylic acid 56, 90 84, 110 
Cytidylic acid 30, 62 64, 110 
Thymonucleic acid 12, 24 68, 98 
Yeast ribonucleic acid 18, 32 74, 105 


Fission of Guanine-uridylic Acid in Enzyme Experiments [with E. M. Jacxson].—(a) In 
presence of sheep bone phosphomonoesterase. A mixture of guanine-uridylic acid (11-5 mg.), 
py 8-6 borate buffer (10 c.c.), m/10-magnesium sulphate (1 c.c.), and purified enzyme solution 
(Gulland and Jackson, Biochem. J., 1938, 82, 590) (10 c.c.) was diluted to 50 c.c. at pq 8-6 with 
water (toluene) and incubated at 37°, samples (5 c.c.) being withdrawn at appropriate intervals 
for estimation by the Bell—Briggs colorimetric method of the percentage of total phosphorus 
liberated as phosphate : 


Time in hours 5 22 29 46 70 140 
26 — — 66 68 80 


. 17 — 25 29 42 — — 
Expt. III 18 33 55 — ones 
30 


by 
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(b) At py 8-6 without enzyme. No inorganic phosphate was liberated when a solution of 
guanine-uridylic acid at pg 8-6 was maintained at 37°, this being in accordance with expectation, 
since uridylic acid is stable under those conditions. 

Solutions of guanine-uridylic acid (37-0 mg. and 39-1 mg.) in water (20 c.c.) at pg 8-6 were 
maintained at 37° for 17 and 20 hours respectively, the precipitated guanine being collected and 
weighed. The degree of hydrolysis was in approximate agreement with that which occurred 
in the presence of phosphomonoesterase during the same period. 

(c) In presence of mixed sheep bone phosphomonoesterase and Agkisivodon piscivorus venom. 
The venoms of the water moccasin and Russell’s viper are enzymically closely similar (Gulland 
and Jackson, Biochem. J., 1938, 32, 597) and when acting alone do not liberate inorganic phos- 
phate from guanine-uridylic acid at py 8-6, since they do not contain the general phosphomono- 
esterase capable of attacking the phosphory] radical of uridylic acid. 

A mixture of guanine-uridylic acid (11-5 mg.), pq 8-6 borate buffer (10 c.c.), M/10-magnesium 
sulphate (1 c.c.), snake venom (20 mg.), and purified phosphomonoesterase solution (10 c.c.) was 
diluted with water to 50 c.c. at py 8-6 (toluene) and incubated at 37°, samples (5c.c.) being taken 
at appropriate intervals for the estimation of inorganic phosphate, shown below as the percentage 
of total phosphorus : 

5 22 29 46 
_ _— 79 


52 79 
72 


Time in hours 
Expt. I a 
Expt. II ~_ 50 
Expt. III 21 49 54 

Comparison of the greater amounts of phosphate liberated in these experiments with the 
lesser amounts in those with phosphomonoesterase alone (for example, at 22 and 46 hours) 
indicated clearly that these snake venoms contain a phosphoamidase capable of hydrolysing 
guanine-uridylic acid into its components and then liberating the phosphoryl radical. 

(d) Action of mixed phosphomonoesterase of sheep bone and phosphoamidase of snake venom 
on other phosphoamides. Purified phosphomonoesterase of sheep bone failed to liberate phos- 
phate from phenylphosphoamide, phenylphosphoanilide, and phenylphosphorylbenzamidine in 
pu 8-6 borate buffer in presence of magnesium sulphate, and therefore did not contain a phos- 
phoamidase capable of hydrolysing the P—N linkage of these substances. 

Mixtures of the substrates (10—15 mg.), pg 8-6 borate buffer (10 c.c.), M/10-magnesium sul- 
phate (1 c.c.), phosphomonoesterase solution (10 c.c.), and Russell’s viper or water moccasin 
venom (20 mg.) were diluted with water to 50 c.c. at pg 8-6 (toluene), and incubated at 37°, 
samples (5 c.c.) being withdrawn for estimation of phosphate, stated below as percentages of 


total phosphorus : 


Time in hours 5 22 28 46 52 94 


Phenylphosphoamide. 


Russell’s viper 17 42 — = 
— 12 13 19 


Water moccasin pa 13 14 17 


Phenylphosphorylbenzamidine. 


er 16 46 51 59 _ 
Russell’s viper 12 41 ah 62 — 
Wat : — 27 41 47 — 50 64 
ater moccasin 14 31 37 40 46 54 58 


Phenylphosphoanilide yielded no phosphate when acted on by a mixture of sheep bone 
phosphomonoesterase and water moccasin venom under the conditions cited above. Crude 
beef bone phosphatase prepared according to the Martland—Robinson method (Gulland and 
Jackson, Biochem. J., 1938, 32, 590) rapidly dephosphorylated phenylphosphoamide. It is 
clear that purified phosphomonoesterase preparations do not contain a phosphoamidase, but 
that this enzyme (or enzymes) is present in the snake venoms and shows considerable selectivity 
in its hydrolytic effect on the P—-N linkage. 

Phenylphosphoamide [with G. I. Hospay].—The barium salt, prepared by hydrolysis 
of diphenylphosphoamide with baryta (Ephraim, Ber., 1911, 44, 633), crystallised in rhombic 
plates [Found for material dried at 110° in a vacuum: P, 12-9; Ba, 28-1. Calc. for 
(C,H,O,NP),Ba: P, 12-9; Ba, 28-4%]. For enzyme experiments the barium salt was 
transformed into the sodium salt by treatment with the requisite amount of sodium sulphate 


solution. 
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Phenylphosphoanilide. The phenyl ester of anilinophosphoryl chloride, prepared by 
the action of aniline (2 mols.) on monophenyl phosphoryl] dichloride in dry ether (Michaelis, 
Annalen, 1902, 326, 224), crystallised from benzene in colourless needles, m. p. 136°, 
which were hydrolysed with cold sodium hydroxide solution. The anilide crystallised from 
alchol-ether in plates, m. p. 134° (Found: P, 12-3. Calc. for C,,H,,O,NP: P, 12-4%). 

Monophenylphosphorylbenzamidine. Monophenyl phosphoryl dichloride was prepared by a 
modification of the method of Jacobsen (Ber., 1875, 8, 1521) by boiling a mixture of anhydrous 
phenol (1 mol.) and redistilled phosphorus oxychloride (1-25 mols.) under reflux in an oil-bath 
for 10 hours. The mixture was distilled from the flask and collected between 240° and 250°, 
the distillate being fractionated under reduced pressure. Phenyl phosphoryl dichloride, free 
from phosphorus oxychloride and hydrogen chloride, was collected at 121—122°/11 mm. 

A mixture of benzamidine hydrochloride (1 g.) and monophenyl phosphoryl dichioride 
(1-7 g.; 1-25 mols.) was heated in an oil-bath at 160° for 12 hours, moisture being excluded. 
The evolution of hydrogen chloride had then ceased, and the excess of phenyl phosphoryl] di- 
chloride was removed by distillation under reduced pressure. The viscous residue solidified 
when cold, and after being repeatedly triturated with cold water, was dissolved in a slight ex- 
cess of dilute sodium hydroxide solution, and the excess neutralised with hydrochloric acid. 
The solution (100 c.c.) was concentrated under reduced pressure to about 25 c.c.; the sodium 
salt of monophenylphosphorylbenzamidine then began to crystallise, separation being complete 
on cooling. When recrystallised from water, it formed colourless needles (Found for materia! 
dried at 110°: N, 9-2; P, 10-2. C,;H,,O,;N,PNa requires N, 9-4; P, 10-4%), which were 
hydrolysed by hot acid to give benzamidine, isolated as the picrate, m. p. 227°. Addition of 
hydrochloric acid to a dilute solution of the sodium salt did not precipitate the free acid, which 
was rather soluble in water; in the case of more concentrated solutions, however, the acid 
separated as a colourless precipitate, which did not dissolve in excess of mineral acid. The free 
acid resinified fairly readily, the product being insoluble in cold sodium hydroxide solution. 

Phenylphosphorylguanine. Dried guanine (0-5 g.) and phenyl phosphoryl dichloride (1 g.; 
1 mol.) were heated at 140° for 15 hours; hydrogen chloride was slowly evolved and the mixture 
turned reddish-brown. The mixture was washed repeatedly with ice-water, dissolved in ice- 
cold, dilute aqueous sodium hydroxide, the dark red solution acidified with hydrochloric acid, 
and the precipitated solid collected by centrifugation and washed with water. It was dissolved 
in dilute aqueous sodium carbonate, and the filtered solution acidified with hydrochloric acid. 
The brownish-red amorphous precipitate of phenylphosphorylguanine was centrifuged, washed 
with water and alcohol, and dried (yield, 50%) (Found for material dried at- 110°: N, 22-6; 
P, 10-0. C,,H,,0,N,P requires N, 22-8; P, 10-1%). It gave the murexide and other tests 
for guanine. It was not appreciably soluble in water, dilute mineral acids or organic solvents, 
but dissolved readily in dilute aqueous alkali to form a red solution. The addition of barium 
chloride to an aqueous solution of the sodium salt precipitated the barium salt as a grey powder. 

Hydrolytic fission was complete in 2 hours at 100° with either 3% sodium hydroxide solution 
or 4% sulphuric acid, as shown by estimations of free phenol (97-5 and 90-0% respectively) and 
inorganic phosphate (100% and 89-2% respectively). Under milder conditions of alkaline 
hydrolysis, however, it was evident that hydrolysis of the phenyl ester group occurred in pre- 
ference to that of the phospho-amide. 1% and 3% Sodium hydroxide solution at room tem- 
perature had similar effects, and estimations of free phenol and inorganic phosphate at intervals 
showed that at 20 hours 70% of the total phenol had been set free, this value rising to only 75% 
at 80 hours; the amount of phosphate was then less than 5% of that theoretically possible. 
Since phenylphosphoric acid is stable under these conditions, it is clear that the main product 
of reaction is phosphorylguanine, the phenyl ester linkage being less stable than the 


phosphoamide. 
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194. The Mechanism of the Hofmann Reaction. Retention of Optical 
Activity during the Reaction with (+ )Hydratropamide. 


By C. L. Arcus and J. KENyon. 


The Hofmann rearrangement of (+-)hydratropamide into (—)-a-phenylethylamine 
has beenexamined. This reaction provides a favourable case for observing whether any 
dissociation of the amide molecule occurs during the Hofmann rearrangement, since the 
electron-releasing properties of the «-phenylethyl radical should favour this dissociation 
with subsequent racemisation of the liberated radical, while the comparatively high 
rotatory power of (—)-a-phenylethylamine would facilitate the detection of racemis- 
ation, 

It is found that optical activity is almost completely retained during the rearrange- 
ment of (+)hydratropamide, in confirmation of the conclusions of previous workers 
that the Hofmann rearrangement is substantially an intramolecular reaction. A 
formulation of the rearrangement is suggested. 


It appears to be established that the Hofmann reaction of amides proceeds by the following 
stages : 


R:CO-NH, —*-» R-CO‘NHBr ““"_, (Salt) —> NR:C:0 + NaBr —> R-NH, 


the molecular rearrangement, in which the group R becomes detached from the carbon 
and attached to the nitrogen atom, being confined to the third stage of the process. 

The following evidence indicates the rearrangement to be intramolecular rather than 
one which involves dissociation of the molecule into free ions or radicals. Whitmore and 
Homeyer (J. Amer. Chem. Soc., 1932, 54, 3435) have observed that tert.-butylacetamide 
yields neopentylamine quantitatively: CMe,*CH,-CO-NH, —> CMe,°CH,*NH,, whereas 
those reactions in which the temporary existence of the cation CMe,*CH,® may occur lead 
to tert.-amyl derivatives, e.g., CMe,°CH,I + NaOAc —> CMe,Et-OAc + Nal. 

On performing the Hofmann reaction with (+)benzylmethylacetamide, Wallis and 
Nagel (ibid., 1931, 58, 2787) obtained «-benzylethylamine in apparent optical purity; 
further, Wallis and Moyer (ibid., 1933, 55, 2598) submitted an optically active compound 
of the diphenyl type to the Hofmann reaction, again obtaining an apparently optically 


pure amine : 
NO, NO, 
NO, CO-NH, NO, H, 
> 


Dissociation of the diphenyl radical from the amido-group at any stage of the reaction 
would have permitted free rotation and resulted in a racemic product. It may be pointed 
out that in neither of the last two cases was a direct evaluation of the optical purity of the 
resultant amine made by comparison of its rotatory power with that of the active amine 
prepared by resolution of the d/-compound. 

(+-)Hydratropamide, CHMePh:CO-NH,, has now been prepared and submitted to the 
Hofmann reaction; this particular amide was selected for the following reasons. The 
resultant a-phenylethylamine has been resolved by numerous workers (references given 
in ‘‘ Organic Syntheses,”’ Vol. XVII, 80); moreover, the radical CHMePh: would be ex- 
pected to exhibit a stronger tendency towards electron release than the radicals 
CH,Ph-CHMe: and C,,)H,*C,H,(NO,),°, so that if rearrangement by dissociation of the 
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amide molecule, with consequent racemisation, can occur, it would be more evident in 
the case of the rearrangement of hydratropamide than in the cases which have previously 
been reported. From a study of the rearrangement of (—)phenylmethylcarbinyl p-toluene- 
sulphinate into dl-a-phenylethyl-p-tolylsulphone (Arcus, Balfe, and Kenyon, J., 1938, 485) 
it was concluded that the reaction 


(—)CHMePh-0-SO-C,H, —> dl-CHMePh:SO,°C,H, 


involves the liberation of the cation CHMePh®; dissociation into this cation, which is 
planar, is favoured by the use of hydroxylic solvents of high dielectric constant. It was 
therefore considered that, should dissociation occur during the Hofmann reaction, hydra- 
tropamide would provide a favourable example for its detection. Finally, as the rotatory 
powers of both hydratropic acid and «-phenylethylamine are of considerable magnitude, 
any racemisation which occurs during the reaction can be estimated with some degree of 
accuracy. 

dl-Hydratropic acid was prepared as described in the experimental section, and by 
fractional crystallisation of its strychnine salt as described by Raper (J., 1923, 123, 2557) 
optically pure (+)hydratropic acid was obtained. A method is described for the prepar- 
ation of (—)hydratropic acid also. 

(+)Hydratropamide, prepared through the acid chloride, was treated with a solution 
of bromine in sodium hydroxide and (—)-«-phenylethylamine obtained. The optical 
rotatory power of the latter was determined (after extraction and distillation, processes 
which are unlikely to effect any change in the optical purity of the product) and compared 
with the value aj%5° —22-92° (1, 0-5), the highest in the literature, obtained by Ingold and 
Wilson (J., 1933, 1503) who resolved the di/-base with d-bromocamphorsulphonic acid. 
Four separate experiments were carried out with the following results : 


Observed Rotatory Powers of Hydratropic Acid and of «-Phenylethylamine obtained from it 


(1, 0-5). 
Hydratropic Optical a-Phenylethyl- Optical Retention of 
acid. purity, %. amine. purity, %. optical activity, %. 
arg: +62-18° 100 atts, —21-81° 95-1 95-1 
apse, +62-07 100 adss, —21-92 95-6 95-6 
apie, +55-22 90-0 apie. — 19°65 85-8 95-3 
anes, — 15-85 25-8 agit + 5°75 25-1 97-2 
Mean 95-8 


It is seen that asymmetry is almost completely retained during the rearrangement. 
The mechanism of rearrangement during the Hofmann reaction has been represented in 
two ways. Stieglitz and also Wallis (review on molecular rearrangements by Wallis, 
“ Organic Chemistry,” Gilman, Vol. I, 1938, 720) postulate the formation of a univalent 
nitrogen compound : 


R-CO‘NHBr —> R'CO-N<- —> R'N°C:0 


The rearrangement has also been formulated as analogous to the Beckmann rearrange- 
ment (Franklin, Chem. Reviews, 1934, 14, 219; Sidgwick, ‘‘ Organic Chemistry of Nitro- 
gen,” 1937, p. 146) : 


R—C—0® Br—C—0® 
I —> I —> RNIC:0 
—Br —R 4. NaBr 


There appears to be no evidence that the bromine atom is at any time attached to the 
carbonyl carbon atom; however, this representation indicates that if the movements of 
R- and Br~ are simultaneous, it is unnecessary to postulate the existence of a univalent 
nitrogen atom. 

It was shown by Hantzsch (Ber., 1902, 35, 226, 3579) that the bromo-amide forms a 
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salt by interaction with the alkali, the anion of which was formulated as in (I). If it is 
assumed that the initial salt-forming reaction is 


Oe 
(I.) RCL 
\Br 
then (I) and (II) should undergo resonance, and the anion and its rearrangement may be 
represented by 






O O 
WA ) VA 
R: + OH’ —> H,O + R: (IT.) 
“NHBr ’ “8a: 





fo 
(1.) RCE \ o —> RN:C:0 + Br? 
“NBr 
expulsion of the bromine anion and movement of the group R— being simultaneous. 
A tendency to electron release by R (+ J effect) will promote the liberation of Br? and 
increase the ease of rearrangement : 






R>+cé “8 —> R-N:C:0 + Bre 
Ny Gt 7h 





This is in accordance with the observation of Hauser and Renfrow (J. Amer. Chem. Soc., 
1937, 59, 121) that the rates of decomposition (by sodium hydroxide at 30°) of a number 
of p- and m-substituted N-bromobenzamides increase as the dissociation constants of the 
corresponding benzoic acids decrease. 

A secondary effect may be observed when R is a semiaromatic group; attachment of 
aromatic nuclei should weaken the R-C bond [analogously to the formation of free radicals 
by dissociation of C(Ar),-X] and thereby promote rearrangement. This has been observed 
by Jones and Hurd (ibid., 1921, 48, 2422) in the closely related hydroxamic acid rearrange- 


ment, 









R:CO-NH:OH —> R:N:C:0 + H,O 
where the ease of rearrangement increases as R- is successively -CH,Ph, -CHPh,, and 
—CPhg. 
Since very little racemisation was observed in the above reaction with (+-)hydratrop- 
amide, it appears certain that the group R— does not migrate as an ion or free radical 
[it is also very improbable that the anion (III) would further dissociate into a carbonium 
cation], but that the electronic changes during the movement of R- are such that electronic 
sharing between R- and the structure CC, _ is continuous. 

It may be noted that the Hofmann reaction should be a reliable procedure in the deter- 
mination of the relative configurations of compounds of the type Cabc-CO,H and 
Cabe-NH,, as has been suggested by Braun and Friehmelt (Ber., 1933, 66, 684). 

















EXPERIMENTAL. 


dl-Hydratropic acid was prepared, in larger amounts, by oxidation (by far the most conveni- 
ently, with potassium permanganate and magnesium sulphate in aqueous acetone solution) of 
hydratropaldehyde obtained by a modification of methods due to Tiffeneau (Ann. Chim. Phys., 
1907, 10, 176), Klages (Ber., 1905, 88, 1969), and Cohen, Woodman, and Marshall (J., 1915, 


107, 898) based on the reactions : 












COMe-CH,C1 28". CMePh(OH)-CH 





sc) N20Et_, CMePh-CH, “> CHMePh-CHO. 








(+)Hydratropic Acid.—A solution of strychnine (90 g.) and di-hydratropic acid (40 g.) in 
warm 75% aqueous alcohol (400 c.c.), after standing overnight in the ice-chest, deposited 60 g. 
of strychnine salt in the form of glassy rhombs; concentration of the filtrate yielded a second 
crop (25 g.). After five recrystallisations, optical purity was reached, and the strychnine salt 
yielded d-hydratropic acid (8-5 g.), b. p. 143°/12 mm., which sets to a mass of transparent, flat 
rhombs, m. p. 29°: in view of its considerable alteration of rotatory power with change of 


temperature, the following values were determined (I, 0-5). 
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t. sso3° 5780° @5461° O4358- t. 25780" 25461° 
13-6° -= +55:04° +63-08° +112-5° 23° +53-03° +60-73° 
16-0 +651-81° — 62-16 111-2 25 52-30 59-80 
16-2 — 54-30 62-30 111-7 30 51-30 58-62 
17-75 —- — 61-85 — 

19-4 — 53-55 61-30 110 


Specific rotatory powers of the acid in solution are given below. 


Collected Specific Rotatory Powers. 


Solute. Solvent. Cc. 3 [a] ssos- [a] sae1- [a]asse- 
d-Hydratropic acid * > 3-060 + 748° + 90-9° +162° 
3-4825 92-5 110-3 197 
- » (Na salt) 3-247 5-8 6-3 9-2 
d-Hydratropamide 2-733 58-3 71-5 130 
d-a-Phenylethylacetamide 2-340 — 165 —195 —370 


* d-Configuration is assigned arbitrarily to (+-)hydratropic acid for the purpose of description. 


”” 


(—)Hydratropic Acid.—From the first mother-liquor from the strychnine salt there was 
recovered hydratropic acid (12 g.) with a3; —32-28° (J, 0-5), which, on being kept in the ice- 
chest for several days, deposited a crop of crystals; the liquid acid drained from the crystals 
had al}, —26-6° (1, 0-5). The crystals were melted, allowed to recrystallise, and again drained 
from the liquid acid. When the process was repeated a third time there was obtained (—)hydra- 
tropic acid (4 g.) in hard, glassy, flat rhombs, m. p. 29°, and (supercooled) aig, —61-68° (i, 0-5). 

In view of the readiness with which this separation takes place the—presumed—optically 
pure (+)hydratropic acid described above was melted, inoculated, and when crystallisation was 
about two-thirds complete, the liquid portion was drained away. The rotatory power of the 
re-melted acid was identical with that of the original acid, thus increasing very considerably 
the probability that optical purity had been reached by the fractional crystallisation of strych- 
nine hydratropate. 

This is the more desirable because Levene and Marker (J. Biol. Chem., 1933, 100, 692), who 
fractionally crystallised its quinine salt, give [«]%%3 —74:1° as the maximum value of /-hydra- 
tropic acid in the homogeneous condition, whereas Ott and Kramer (Ber., 1935, 68, 1657) state, 
without recording any experimental details, that optically pure d-hydratropic acid has [«]3{, + 
89-7°. Also, during the present investigation it was found that levorotatory hydratropic acid 
with «35; — 27-1° (1, 0-5) gives a beautifully crystalline cinchonidine salt which was recrystal- 
lised successively from acetone, methyl acetate (twice), and aqueous alcohol without the rotatory 
power of the liberated hydratropic acid being increased beyond «j%, — 36° (i, 0-5). On the 
other hand, Raper (loc. cit.), whose method we have used, gives for the d-acid [a]s9, +- 76-2° in 
chloroform solution, but records no value for the homogeneous acid, owing to the small amount 
available. 

Even in this most favourable case we found it advantageous to allow the crystallisation to 
proceed undisturbed and to decant the mother-liquor; when the containing vessel is scratched, 
a considerable amount of strychnine salt of low optical activity is brought out of solution. 

An attempt was made to obtain /-hydratropic acid by the recrystallisation from ether of 
| + dl-hydratropamide (from hydratropic acid of aj§3 — 25-5°, / 0-5), but after three crystal- 
lisations the resulting amide had only [«]54g, — 43-9° in chloroform solution. 

A crystal of d-hydratropic acid was at room temperature placed in contact with a similar 
crystal of /-hydratropic acid: they slowly melted and the resulting dl-acid remained liquid 
after being kept at — 5° for several days. 

(+)Hydratropamide ‘was prepared by warming a mixture of (+)hydratropic acid (7-5 g.) 
and phosphorus trichloride (2-8 g.) at 60—70° for an hour and pouring the upper mobile layer 
of hydratropyl chloride dropwise into ammonia (25 c.c.; d 0-880) at —18°. The precipitated 
crystalline hydratropamide was removed by filtration, washed with cold water, and air-dried ; 
it (7-2 g.) had m. p. 96—97° and rotatory powers given above. It separated from warm water, 
in which it was but sparingly soluble, in slender, long needles, or from chloroform-light petroleum 
in lustrous leaflets, m. p. 103—104° (Found: N, 8-9. C,H,,ON requires N, 9-4%). 

(—)-a-Phenylethylamine.—The (-+-)hydratropamide (6-8 g., uncrystallised so as to avoid 
any possible separation of optical isomerides) was gradually added to a cooled solution of sodium 
hydroxide (8 g.) and bromine (8-3 g.) in water (50 c.c.). The resulting cloudy solution was 
gently heated on the steam-bath for 20 minutes until separation of the amine appeared to be 
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complete. Extraction with ether yielded (—)-«-phenylethylamine (3-5 c.c.), b. p. 73°/14 mm., 
ax}555 — 18-20°, adds, — 21-81°, alS5, — 37-3° (1, 0-5), di? 0-9762, di? 0-9702, di?" 0-9650. 

(—)-a-Phenylethylacetamide, prepared by the action of acetic anhydride on the (—)amine, 
separated from aqueous acetic acid in leaflets, m. p. 103—104°, and had the rotatory powers 
given above. Gétze (Ber., 1938, 71, 2289), who prepared the acetyl derivative of (—)-«-phenyl- 
ethylamine with [a]5s93 — 33°, gives m. p. 101—102° and [a]sg9; — 170° in ethyl-alcoholic 
solution. 


Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries, Ltd., for grants. 


BATTERSEA POLYTECHNIC, Lonpon, S.W. Il. [Received, March 27th, 1939.] 





NOTES. 


The Detection of meta-Orientation in Diamino-, Dinitro-, and Aminonitro-compounds. By 
ADRIEN ALBERT. 


It has been confirmed (Albert and Large, Nature, 1938, 142, 435) that m-diamines readily react 
with oxalic acid, glycerol, and zinc chloride to give fluorescing diaminoacridines. o- and p- 
Diamines do not produce a fluorescence. The reaction has been used for the detection or 
confirmation of meta-orientation in diamines. A solution of zinc chloride (15 g.) in glycerol 
(125 g.) at 100° was cooled to 60°, and powdered hydrated oxalic acid (10 g.) dissolved in it. 
The substance to be tested was added to 5 g. of the reagent in a test-tube, which was maintained 
at 160° for 10 minutes and then cooled. The presence or absence of fluorescence (always bright 
yellow-green) was noted either in bright daylight or alongside a filament lamp (60 watts). The 
following substances responded to the test; the minimum quantity that was plainly detected 
is given in mg. in parentheses : m-Phenylenediamine (0-4), 2 : 4-tolylenediamine (0-5), 1-chloro- 
2: 4-diaminobenzene (1-0), m-aminodimethylaniline (0-8), 3-aminodiphenylamine (1-0), 3: 3’- 
diaminodiphenylamine (1-0), m-aminoacetanilide (2-0), m-aminoformanilide (0-5), N N’-diacetyl- 
m-phenylenediamine (5-0), NN’-diformyl-m-phenylenediamine (0-5). As anticipated, the 
following substances produced no fluorescence: Aniline, o- and ~-phenylenediamines, the 
toluidines, m-chloroaniline, m-anisidine, m-nitroaniline, m-aminobenzenesulphonic acid, m- 
aminobenzoic acid, m-dinitrobenzene. 

fore the test is applied, the absence of a phenolic group should be ascertained, as this group 
(alone) interferes with the reaction. 

The replacement of half the zinc chloride in the original reagent by its equivalent of stannous 
chloride permits of the detection of meta-orientation also in aminonitro-compounds, fluorescing 
diaminoacridines being again produced. The following results were obtained: 4-Nitro-o- 
toluidine (0-2), 6-nitro-o-toluidine (0-2), m-nitroaniline (1-0), 3-nitrodiphenylamine (1-0), 3 : 3’- 
dinitrodiphenylamine (1-0), 4-nitro-2-aminobenzenesulphonic acid (2-0), 4-nitro-m-2-xylidine 
(0-4), and its monoacetyl derivative (2-0). 

In addition, several dinitro-compounds (for which this reagent is equally suitable) have been 
included, since, although the orientation of two nitro-groups in an aromatic compound is less 
likely to be in question, the test may usefully show that more than one nitro-group is present. 
m-Dinitrobenzene (1-0), 3 : 5-dinitrobenzoic acid (1-0), 2: 4: 6-trinitrobenzoic acid (2-0), 2: 4- 
dinitrotoluene (1-0), 2 : 4-dinitroaniline (5-0), 2 : 4-dinitroanisole 0-6), and 1-chloro-2 : 4-dinitro- 
benzene (1-5) responded to the test. 

The following compounds, as anticipated, proved negative: nitrobenzene, o- and p-nitro- 
anilines, 3-nitro-o-toluidine, 4-nitro-m-toluidine, 5-nitro-o-toluidine, m-nitroanisole, m-nitro- 
benzoic acid, o- and p-dinitrobenzenes. 

The reagent for testing aminonitro- and dinitro-compounds was prepared by dissolving zinc 
chloride (7-5 g.) and hydrated stannous chloride (14 g.) in glycerol (118-5 g.) at a somewhat 
higher temperature, but with the minimum of heating, and, after cooling to 60°, dissolving 
powdered hydrated oxalic acid (10 g.) in the mixture. The test was carried out precisely as 
before. 

Both reagents should be preserved in stoppered bottles and decanted from any sediment 
before use. 

The mechanism of the reaction is under investigation and the isolation and identification of 
several of the products of condensation have been achieved, the first four diamines mentioned 
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above giving respectively 2: 8-diaminoacridine, 2: 8-diamino-3 : 7-dimethylacridine, 3: 7- 
dichloro-2 : 8-diaminoacridine and an isomeride, and 2 : 8-bisdimethylaminoacridine. 


The author thanks Prof. J. Campbell Earl for his interest and Mr. C. Bennett for participating 
in the experimental work.—THE UNIVERSITY OF SypNEY. ([Received, March 13th, 1939.) 





The Alleged Optical Activity of 0-Toluidine-3 : 5-disulphonic Acid. By P. P. Hopr and 
R. J. W Le Févre. 


Tue resolution of the acid named in the title was reported by Sementzov (Ukraine Chem. J., 
1933, 8, 193), a saturated chloroform solution of strychnine (1 mol)., when mixed with an 
alcoholic solution of the acid (} mol.), giving an insoluble salt from which ultimately an acid 
was obtained showing a rotation of + 0-35° in 10% alcoholic solution in a 1 dcm. tube. Since 
it seemed possible that this optical activity could have been due to restricted intramolecular 
rotation of the type previously sought (J., 1933, 977), we repeated the above experiment. The 
o-toluidine-3 : 5-disulphonic acid was prepared according to Hasse {Annalen, 1885, 230, 287) in 
an anhydrous state. The admixture of solutions made up as Sementzov described gave no 
immediate precipitate. On partial evaporation, however, a small fraction of strychnine salt 
crystallised, but the acid recovered (by treatment with sodium hydroxide and extraction with 
chloroform, etc.) from this or the mother-liquor was inactive (i.¢e., a less than + 0-01° for a 
2 dcm. tube and 1% solution). The strychnine salt of the disulphonic acid was prepared in 
quantity by addition of an excess of the acid to a chloroform soluticn of the base, brief warming, 
filtration, and evaporation. The deposit was recrystallised several times from alcohol without 
change in optical rotation ([a]}®° + 21-0°, c = lin chloroform; to be compared with strychnine 
under the same conditions: [a]}® + 131°); it had m. p. 245° (decomp.) (Found: C, 62-1; H, 
5-7. 2C,,H,,0,N,,C;,H,O,NS, requires C, 62-6; H, 5-7%).—Tue Str WILLIAM RaMsay AND 
RatpH ForstER LABORATORIES, UNIVERSITY COLLEGE, Lonpon. ([Received, January 25th, 
1939.] 





195. Furano-compounds. Part II. 
By REGINALD T. FosTER and ALEXANDER ROBERTSON, 


Application of the Gattermann reaction to (II, R = H) gave rise to a poor yield of 
(III) along with much amorphous material, but when the «-position was occupied by a 
carbethoxyl group as in (II, R = CO,Et) an excellent yield of (V) was obtained. 
The orientation of (III) was established by its conversion into (IV), a specimen of which 
was prepared by an unambiguous method from (I; R= Et, R, = Me). In the 
course of this work it has been observed also that the presence of the carbethoxy- 
group in the a-position (¢.g., as in VI, R = CO,Et) inhibits hydrogenation of the 
coumarone to the coumaran by a palladium catalyst. 


THE synthesis of O-dimethylpyrousnic acid followed upon the discovery that application 
of the Gattermann reaction to B-methylcoumarones, ¢.g., 4 : 6-dimethoxy-3-methyl- and 
4 : 6-dimethoxy-3 : 5-dimethyl-coumarone, gave rise to the «-formyl derivatives (Birch 
and Robertson, J., 1938, 306), and in the course of experiments which were primarily under- 
taken during exploratory work on the rational synthesis of furocoumarins of the bergapten 
type it seemed of interest to investigate the application of this reaction to an analogous 
coumarone unsubstituted in the «f-positions. 
Prepared by cyclisation of 3 : 5-dimethoxy-2-formylphenoxyacetic acid (I; R=H, 
R, = H) and simultaneous decarboxylation of the resulting acid (II, R = CO,H) with 
boiling acetic anhydride and sodium acetate according to the general method, 4 : 6-di- 
methoxycoumarone (II, R = H) gave by Gattermann’s procedure an amorphous product, 
from which only a small yield of the formylcoumarone (ITI) was isolated. Although the 
expected a-formyl derivative (II, R = CHO) could not be prepared by this procedure, 
it may well be, since unchanged coumarone (II, R = H) could not be isolated from the 
waa” 9 mixture, that polymerisation and resinification accompanied the formation of the 
P 
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a-aldimine or its subsequent hydrolysis (compare the behaviour of thiophen; Barger 
and Easson, J., 1938, 2100). In the course of unsuccessful attempts to discover the 
conditions essential to the preparation of (II, R = CHO) it was found that the use of 
zinc chloride (added as zinc cyanide) as an auxiliary condensing agent in the Gattermann 
reaction gave rise to intractable products. 

The orientation of the aldehyde (III) was established by the fact that on catalytic 
hydrogenation with the aid of a palladium-charcoal catalyst, involving simultaneous 
reduction of the formyl group and saturation of the «$-double bond, it gave rise to the 
coumaran (IV) identical with an authentic specimen. In the synthesis of the latter, 
cyclisation of the formylphenoxyacetic ester (I; R = Et, R, = Me) with alcoholic sodium 
ethoxide furnished the carbethoxycoumarone (VI, R = CO,Et), which on hydrolysis and 
subsequent decarboxylation of the resulting acid (VI, R = CO,H) yielded the coumarone 
(VI, R=H). Hydrogenation of the last substance gave a quantitative yield of (IV), 
and the isomeric 4 : 6-dimethoxy-3-methylcoumaran (VIII) was obtained from 4: 6-di- 
methoxy-3-methylcoumarone by the same method. 


R, HOC Me 
Oa Me ik antaly my) dolly Hor 
Me 


Me Me OMe 
(I.) (II.) (III.) (IV.) 
HOC Me 0 
Me CO,Et MeO R MeO CO,Et Me H, 
| Me CHMe 
Me Me Me Me 
(V.) (VI.) (VIL.) (VIII.) 


In view of the results obtaining when the Gattermann reaction is applied to (II, R = H) 
and to coumarones having an alkyl group in the 8-position (Birch and Robertson, loc. cit.) 
it seemed of interest to investigate the behaviour of an a-substituted coumarone of the type 
(II) and, since «a-alkylcoumarones, e.g., (II, R= Me), are not readily accessible, 
we employed the «-carbethoxy-derivative (II, R = CO,Et). By Gattermann’s procedure 
with the aid of aluminium chloride an excellent yield of the ethyl 4 : 6-dimethoxy-7-formyl- 
coumarone-2-carboxylate (V) was obtained (the use of zinc chloride gave a considerably 
smaller yield along with unchanged material), the orientation of which was conclusively 
established by the fact that on catalytic reduction it gave rise to (VI, R = CO,Et). In 
the course of the identification of this reduction product the tsomeride (VII) was synthesised 
from 2-hydroxy-4 : 6-dimethoxy-5-methylbenzaldehyde by the method employed for 
(II, R = CO,Et). 

On the basis of these results it seems clear that the carbethoxy-group in the «-position 
can be used to protect the furano-residue in the application of the Gattermann reaction 
to the synthesis of aldehydo-coumarones having the formyl group in the benzene nucleus 
and, further, it seems reasonable to expect that, in general, replacement of the carbethoxy- 
group with alkyl groups would yield similar results. Moreover, in the reduction of (V) 
to (VI, R = CO,Et), the presence of the carbethoxy-group in the «-position appears to 
inhibit the conversion of the coumarone into the coumaran by means of hydrogen and a 
palladium—charcoal catalyst under the usual conditions. This inhibitory effect, which 
has also been observed in the course of attempts to hydrogenate (VII), ethyl 6-hydroxy-, 
ethyl 6-methoxy-, and ethyl 6-methoxy-3-methyl-coumarone-2-carboxylate, even when 
pressures of 40—42 lb./sq. in. were employed, appears to be removed when the 
a-carbethoxy-residue is replaced by an alkyl group, because, e.g., isotubanol, 6-hydroxy-2- 
isopropylcoumarone (unpublished work), and usnetol (Schépf and Heuck, Amnalen, 1927, 
459, 233; Curd and Robertson, J., 1933, 1173) can be hydrogenated under these conditions, 
giving rise to the corresponding coumarans. 

In their experiments on catechin Dean and Nierenstein (J. Amer. Chem. Soc., 1924, 
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46, 2798) claim to have prepared 4 : 6-dimethoxycoumaran, m. p. 109°, by heating the 
hydrazone of 4: 6-dimethoxy-3-coumaranone with sodium ethoxide at 160°, but their 
product is not identical with the coumaran, m. p. 52°, prepared in the course of the present 
work by hydrogenation of 4 : 6-dimethoxycoumarone under conditions which do not reduce 
the benzene residue. These authors state that, when suspended in concentrated sulphuric 
acid, their substance and a number of its derivatives gave a violet coloration on the addition 
of ferric chloride, a reaction which was extensively employed by Kostanecki and his co- 
workers (Ber., 1908, 41, 1330; 1909, 42, 901, 911) to characterise coumarones. 4: 6- 
Dimethoxycoumaran and its analogues, (IV) and (VIII), do not give this reaction and when 
warmed with concentrated sulphuric acid do not give the bright colorations which are 
characteristic of coumarones. On the other hand all the coumarone derivatives described 
in this communication give colorations by Kostanecki’s procedure which are identical 
or almost identical with those given when the substances are warmed with sulphuric acid. 





EXPERIMENTAL, 


3 : 5-Dimethoxy-2-formylphenoxyacetic Acid (I; R=H, R, = H).—Interaction of O- 
dimethylphloroglucinolaldehyde (3 g.) and ethyl bromoacetate (3 g.) in boiling acetone (30 c.c.), 
containing potassium carbonate (5 g.), during 3 hours gave rise to the ethyl ester, which 
formed colourless rectangular prisms (3-6 g.), m. p. 105°, from ethyl acetate, having a neg- 
ative ferric reaction (Found: C, 58-3; H, 6-0. C,,;H,,O, requires C, 58-2; H, 6-0%). The 
2 : 4-dinitrophenylhydrazone of this substance separated from alcohol or ethyl acetate in red 
needles, m. p. 197° (Found: N, 12-6. C,9H,,O,N, requires N, 12-5%). 

Hydrolysis of the ester (10 g.) with 4% aqueous sodium hydroxide (200 c.c.) for 10 minutes 
furnished the acid, which formed colourless needles (8 g.), m. p. 177°, from water or benzene 
[Found : C, 55-2; H, 5-0; OMe, 25-5. C,H,O,(OMe), requires C, 55-0; H, 5-0; OMe, 25-8%]. 

4 : 6-Dimethoxycoumarone (II, R = H).—A mixture of the foregoing acid (10 g.), acetic 
anhydride (100 c.c.), and sodium acetate (28 g.) was boiled for } hour, diluted with water and 
neutralised next day with sodium bicarbonate. On isolation with ether the coumarone was 
obtained as an almost colourless, mobile oil, b. p. 108—110°/0-15 mm., giving a yellow coloration 
with concentrated sulphuric acid which on warming or on addition of a drop of ferric chloride 
became brown and then purple (Found: C, 67-3; H, 5-8. C,H, 0, requires C, 67-4; H, 
5-6%). The picrate separated from methyl alcohol in scarlet, elongated, rectangular prisms, 
m. p. 95° (Found: C, 47-3; H, 3-4; N, 10-0. Cj, 9H,,0O;,C,H,O,N, requires C, 47-2; H, 3-2; 
N, 10-3%). 

Hydrogenation of the coumarone (1 g.), dissolved in acetic acid (25 c.c.), with hydrogen 
(approx. 1 mol. absorbed) and a palladium—charcoal catalyst was complete in 10 minutes. The 
filtered solution was neutralised with aqueous sodium bicarbonate and, after isolation with 
ether, 4 : 6-dimethoxycoumaran was crystallised from methyl] alcohol, forming irregular prisms 
(0-75 g.), m. p. 52°, which sublimed unchanged in a high vacuum, were soluble in benzene 
alcohol, or light petroleum, and had a negative sulphuric acid reaction [Found: C, 66-6; 
H, 6-8; OMe, 34-1. Calc. for C,SH,0(OMe),: C, 66-7; H, 6-7; OMe, 34-1%]. 

4 : 6-Dimethoxy-7-formylcoumarone (III).—On being saturated with hydrogen chloride, a 
well-cooled solution of the afore-mentioned coumarone (4 g.) in ether (100 c.c.), containing 
hydrogen cyanide (5 c.c.), gradually deposited a dark brown oil. Next day the solvent was 
decanted, and the residual oil well washed with ether and heated with water (100 c.c.) on the 
steam-bath for 20 minutes. Trituration of the oily product with cold water finally gave a 
yellow solid (3-5 g.), which did not yield crystalline material on treatment with solvents but, 
on being heated at 130—140°/0-1 mm., gave a small amount of the aldehyde as a crystalline 
sublimate (0-4 g.), which formed colourless rectangular plates (0-3 g.), m. p. 180°, from methyl 
alcohol [Found : C, 64:0; H, 5-0; OMe, 29-2; M, 195. C,H,O,(OMe), requires C, 64:1; H. 
4:9; OMe, 29-6%; M, 206]. This substance, which had the typical properties of an aldehyde, 

was moderately soluble in benzene, alcohol, or ethyl acetate and insoluble in light petroleum. 

Reduction of this aldehyde (0-5 g.), dissolved in acetic acid (50 c.c.), with hydrogen (approx. 
3 mols. absorbed) and a palladium-charcoal catalyst was complete in 5 minutes and on isolation 
the resulting 4 : 6-dimethoxy-7-methylcoumaran (IV), m. p. 68°, crystallised from dilute alcohol 
in diamond-shaped plates, m. p. 73°, identical in every way with an authentic specimen. 

Ethyl 4: 6-Dimethoxy-7-formylcoumarone-2-carboxylate (V).—Cyclisation of ethyl 3: 5- 
dimethoxy-2-formylphenoxyacetate (I; R = Et, R, = H) (2 g.), dissolved in alcohol (20 c.c.), 
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with sodium ethoxide (from 0-2 g. of sodium) gave ethyl 4 : 6-dimethoxycoumarone-2-carboxylate 
(II, R = CO,Et), which was precipitated by addition of water. Crystallised from aqueous 
alcohol, the ester formed needles (0-8 g.) m. p. 96-5°, soluble in benzene or ethyl acetate and 
giving a purple coloration, changing to ruby-red, with warm sulphuric acid (Found: C, 62-4; 
H, 5-6. C,3H,,O, requires C, 62-4; H, 5-6%). 

Acidification of the alkaline liquors gave an oily product, from which a small amount of 

3 : 5-dimethoxy-2-formylphenoxyacetic acid, m. p. 177°, was isolated by extraction with boiling 
water. 
Ethyl 4 : 6-dimethoxycoumarone-2-carboxylate (3 g.) and then hydrogen cyanide (3 c.c.) 
were added to a solution of aluminium chloride (3 g.) in ether (100 c.c.), the mixture was saturated 
with hydrogen chloride, next day the solvent was decanted, and the residual pale green product 
(washed with ether) was heated with water (50 c.c.) on the steam-bath for 4 hour. The 
resulting aldehyde separated from alcohol in colourless rods, m. p. 201° (Found: C, 60-3; H, 
5-2. C,,H,,O, requires C, 60-4; H, 5-0%). On being warmed on the steam-bath, a dilute 
hydrochloric acid extract (50 c.c.) of the ethereal liquor yielded a further quantity of the 
aldehyde, m. p. 201° after purification; total yield, 3 g. 

When the aluminium chloride was replaced with zinc chloride (added as zinc cyanide), 3 g. 
of the original ester gave 0-8 g. of aldehyde and 2 g. of unchanged material. 

Reduction of this aldehyde (1 g.) with hydrogen (approx. 2 mols. absorbed) and a palladium 
catalyst was effected in 15 minutes, giving ethyl 4: 6-dimethoxy-7-methylcoumarone-2- 
carboxylate (0-75 g.), which formed rectangular prisms, m. p. 127°, from alcohol, identical with 
an authentic specimen. 

Ethyl 4: 6-Dimethoxy-5-methylcoumarone-2-carboxylate (VII).—Prepared by the interaction 
of 2-hydroxy-4 : 6-dimethoxy-5-methylbenzaldehyde (Robertson and Subramaniam, J., 1937, 
288) (3 g.) and ethyl bromoacetate (3 g.) in boiling acetone (40 c.c.), containing potassium 
carbonate (4 g.), for 2} hours, ethyl 3: 5-dimethoxy-2-formyl-4-methylphenoxyacetate formed 
rectangular prisms (3 g.), m. p. 92°, from light petroleum (b. p. 60—80°) (Found: C, 59-4 
H, 6-4. C,,H,,O, requires C, 59-6; H, 6-4%). The 2: 4-dinitvophenylhydrazone separated 
from ethyl acetate in red needles, m. p. 218° (Found: N, 12-3. C,9H,,0,N, requires N, 12-1%). 

Cyclisation of this compound (2 g.) with potassium ethoxide (from 0-32 g. of potassium 
in alcohol (20 c.c.) in the course of 3 minutes and subsequent dilution of the mixture with water 
gave a crystalline precipitate of the coumaronecarboxylate (VII) (1 g.). Recrystallised from 
alcohol, this compound formed colourless rectangular prisms, m. p. 115°, which gave a red- 
purple and then deep violet sulphuric acid reaction (Found: C, 63-7; H, 6-1; OAlkyl, 19-9. 
C,,H,,O, requires C, 63-6; H, 6-1; OAlkyl, 18-2%). 

Acidification of the alkaline liquors gave 3 : 5-dimethoxy-2-formyl-4-methylphenoxyacetic acid, 
which separated from warm water in plates, m. p. 172° (Found: C, 56-7; H, 5-5. C,,H,,O, 
requires C, 56-7; H, 5-5%). 

Ethyl 4: 6-Dimethoxy-7-methylcoumarone-2-carboxylate (VI, R = CO,Et).—Absorption of 
hydrogen by 6-hydroxy-2 : 4-dimethoxybenzaldehyde (3 g.), dissolved in acetic acid (50 c.c.) 
containing a palladium—charcoal catalyst (from 4 g. of charcoal and 0-4 g. of palladium chloride), 
ceased in 1 hour and after evaporation of the greater part of the solvent in a vacuum and addition 
of water to the residue a crystalline precipitate separated. This compound, which could not be 
further hydrogenated with a palladium-charcoal catalyst, appeared to be s.-2 : 2’-dihydroxy- 
4:4':6: 6'-tetramethoxydiphenylethane, forming squat, rectangular prisms (0-5 g.), m. p. 218°, 
from alcohol or aqueous acetone (Found: C, 65-0; H, 6-5. C,,H,,O, requires C, 64-7; H, 
6-6%). From the aqueous liquors, which had been neutralised with sodium bicarbonate, C- 
methylphloroglucinol-«-dimethyl ether (1-5 g.) was isolated with ether, m. p. 67° after purific- 
ation from light petroleum, and converted into 2-hydroxy-4 : 6-dimethoxy-3-methyl- 
benzaldehyde, m. p. 169° (Curd and Robertson, J., 1933, 442). Prepared from this compound 
(2 g.) by the potassium carbonate—acetone method, ethyl 3 : 5-dimethoxy-2-formyl-6-methyl- 
phenoxyacetate (1-5 g.) could not be economically purified. On being recrystallised from ethyl 
acetate—-light petroleum, it had m. p. 137° and gave a 2: 4-dinitrophenylhydrazone which 
separated from ethyl acetate in orange-red rectangular prisms, m. p. 198° (Found: N, 12:3. 
C,,H,,0,N, requires N, 12-1%). 

Cyclisation of the crude phenoxy-ester (1 g.) in alcohol (13 c.c.) with potassium ethoxide 
(from 0-16 g. of potassium) in the course of 15 minutes furnished ethyl 4 : 6-dimethoxy-71-methyl- 
coumarone-2-carboxylaie, which separated from alcohol in rectangular prisms (0-5 g.), m. p. 
127°, soluble in benzene or ethyl acetate and giving a red-violet and then blue-violet sulphuric 
acid reaction (Found : C, 63-7; H, 5-9. C,H,,0, requires C, 63-6; H, 6-1%). 
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Acidification of the alkaline liquors left on separation of this ester gave 3 : 5-dimethoxy-2- 
formyl-6-methylphenoxyacetic acid, which formed clusters of needles, m. p. 163°, from warm 
water [Found : C, 56-6; H, 5-5; OMe, 24-6. C,,H,O,(OMe), requires C, 56-7; H, 5-5; OMe, 
24-8%]. 

Hydrolysis of ethyl 4: 6-dimethoxy-7-methylcoumarone-2-carboxylate (2 g.) with 5% 
aqueous-alcoholic potassium hydroxide (50 c.c.) during 1 hour yielded the acid, which separated 
from alcohol in clusters of needles (1-3 g.), m. p. 242° (decomp.), giving a brown ferric reaction 
in alcohol [Found: C, 60-6; H, 5-0; OMe, 25-8. C,,H,O;(OMe), requires C, 61-0; H, 5-1; 
OMe, 26-3%]. 

4 : 6-Dimethoxy-7-methylcoumaran.—4 : 6-Dimethoxy-7-methylcoumarone was prepared by 
decarboxylation of the aforementioned acid (1 g.) with boiling quinoline (5 c.c.) containing 
copper-bronze during 5 minutes and on isolation was purified by distillation in a vacuum ; 
colourless solid, b. p. 70—71°/0-3 mm., m. p. 38°, readily soluble in all organic solvents. The 
picrate formed rectangular, chocolate-brown prisms from methyl alcohol, m. p. 110° (Found : 
C, 48-6; H, 3-6. C,,H,,0,.C,H,O,N, requires C, 48-5; H, 3-6%). 

Hydrogenation of the coumarone (0-4 g.) in acetic acid (25 c.c.) with hydrogen (approx. 
1 mol. absorbed) and a palladium-charcoal catalyst (1 g.) was complete in 5 minutes, giving rise 
to the coumaran, which separated from aqueous alcohol in diamond-shaped plates, m. p. 73°; 
these did not give a coloration with sulphuric acid and were readily soluble in light petroleum 
or benzene [Found: C, 68-1; H, 7:1; OMe, 31-9. C,H,O(OMe), requires C, 68-0; H, 7:2; 
OMe, 32:0%]. The isomeride, 4 : 6-dimethoxy-3-methylcoumaran (VIII), was prepared by 
hydrogenation of 4 : 6-dimethoxy-3-methylcoumarone (loc. cit.) (1 g.), dissolved in acetic acid 
(30 c.c.) with hydrogen (1 mol. absorbed) and a palladium catalyst in the course of 10 minutes 
and obtained as a colourless mobile oil, b. p. 91—92°/0-05 mm., having, like the foregoing 
coumaran, a negative sulphuric acid reaction (Found: C, 68-0; H, 7-4; OMe, 31-7%). 

In attempting to prepare 4 : 6-dimethoxy-2-methylcoumarone we obtained 4 : 6-dimethoxy- 
3-acetoxy-2-methylcoumarone by acetylation of 4: 6-dimethoxy-2-methyl-3-coumaranone (J., 
1936, 1834) (2 g.) with boiling acetic anhydride (15 c.c.) and sodium acetate (1 g.) during }$ hour, 
which on distillation in a vacuum formed colourless prisms, b. p. 110°/0-1 mm., m. p. 69° [Found : 
C, 62-5; H, 5-4; OMe, 24-8. C,,H,O,(OMe), requires C, 62-4; H, 5-6; OMe, 24-8%], but were 


unable to hydrogenate this substance with a platinum oxide catalyst or in acetic acid with a 
palladium-charcoal catalyst. We likewise failed to reduce the parent coumaranone. 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant in aid of this 
work. 


UNIVERSITY OF LIVERPOOL. (Received, February 16th, 1939.]} 





196. Furano-compounds. Part III. Evuparin. 
By Bua KAMTHONG and ALEXANDER ROBERTSON. 


The yellow constituent, euparin, of Eupatorium purpureum has been shown to be 
a phenolic ketone C,,H,,0,, forming derivatives with carbonyl reagents and a methyl 
ether and an acetate. Since they form tetrahydro-derivatives and give adducts with 
maleic anhydride, euparin and its methyl ether have two conjugate ethylenic linkages. 
The presence of a C-acetyl group, which is in the o-position to the hydroxyl group, 
is shown by the fact that O-methyltetrahydroeuparin oxime is transformed by 
Beckmann’s method into an acetanilide giving the amine on hydrolysis which on 
acetylation re-forms the anilide. On oxidation with potassium permanganate the 
ether gave 2-hydroxy-4-methoxy-5-acetylbenzoic acid, and on ozonolysis 2-hydroxy- 
4-methoxy-5-acetylbenzaldehyde is formed. It is shown that euparin is a hydroxy- 
C-acetyl-coumarone or -chromen and possible formule are suggested. 


THE ‘yellow crystalline principle, m. p. 117-2°, from the roots of Eupatorium purpureum 
(gravel root) appears to have been examined first by Trimble (Amer. J. Pharm., 62, 73) in 
1890, who mentions that the compound had been described to him by Lloyd in a private 
communication between 1870 and 1875 and that the latter had named it euparin. To this 
substance Trimble assigned the formula C,,H,,0, and later Manger (Amer. J. Pharm., 
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1894, 66, 120) claimed to have confirmed this formula and by the action of ammonia on a 
liquid chloro-derivative to have obtained a compound C,,H,,Cl,0,. Further, the latter 
author, who was unable to prepare an acetyl derivative, noted the intense green ferric 
reaction given by the substance in alcohol and concluded from somewhat slender evidence 
that on treatment with nitric acid it gave rise to picric acid and on fusion with alkali 
furnished phloroglucinol. 

In the course of an examination of the constituents of gravel root we have, by an 
improved method, isolated euparin, m. p. 118-5°, which appears to be identical with the 
material described by Trimble and by Manger (loc. cit.) but we have been unable to confirm 
the formula suggested by these authors. The analytical results given by euparin agree 
closely with the empirical formula C,3H,,O, and (less well) with C,,H,,0,, but as the result 
of the examination of a large number of derivatives of euparin the latter possibility is 
entirely excluded. Under the usual conditions euparin, which is optically inactive and 
does not contain a carboxyl group, gave rise to a monoacetate, a monomethyl ether, an oxime, 
a semicarbazone and a 2: 4-dinitrophenylhydrazone, thus affording clear proof that the 
molecule contains a hydroxyl and a carbonyl group. Further, in conjunction with the 
fact that the substance is sparingly soluble in dilute aqueous sodium hydroxide, the strong 
ferric reaction exhibited by euparin in alcohol indicates that the hydroxyl is phenolic and 
is in the o-position to the carbonyl group. 

Hydrogenation of euparin, which is accompanied by disappearance of the colour, 
clearly established the presence of two ethylenic linkages in the molecule, yielding ¢etra- 
hydroeuparin which, like euparin, formed an oxime, a 2: 4-dinitrophenylhydrazone, an 
acetate and a methyl ether, identical with the product formed by the hydrogenation of 
O-methyleuparin. The resistance of the carbonyl group in euparin and O-methyleupa in 
to reduction with hydrogen and a palladium catalyst afforded strong evidence that this 
group was present as a ketonic residue and in the course of attempts to elucidate the nature 
of the latter it was found that euparin was unaffected with boiling 30% alcoholic sodium 
hydroxide and more drastic treatment with alkali did not give promising results. 
Ultimately, however, the compound was shown to contain a C-acetyl group by the following 
method : 


HO MeO, MeO M M 
) |caH.0 oe |caHw0 ne Ge AcHN| —> Hal 
| 
HON 
(I.) (II.) (IIL) (IV.) (V.) 


On treatment with thionyl chloride the oxime of O-methyltetrahydroeuparin underwent 
a Beckmann transformation and furnished an almost quantitative yield of an amide (IV), 
which on hydrolysis with alcoholic potassium hydroxide gave rise to the aniline (V) by loss 
of an acetyl residue. The nature of the amino-group in the latter product was clearly 
established by the fact that this substance formed a diazonium salt which coupled with 
6-naphthol to give a bright scarlet dye. On acetylation the amine (V) re-formed the 
Beckmann product (IV), thus affording conclusive proof of the presence of a C-acetyl 
residue in O-methyltetrahydroeuparin and hence euparin and O-methyltetrahydroeuparin 
may be represented by the structures (I) and (IT) respectively. 

Oxidation of O-methyleuparin, dissolved in acetone, with aqueous potassium per- 
manganate gave an acid C,H,O,(OMe)-CO,H in moderately good yield, which must be 
2-hydroxy-4-methoxy-5-acetylbenzoic acid (V1) because on demethylation and methylation 
respectively it gave rise to 2: 4-dihydroxy- and 2: 4-dimethoxy-5-acetylbenzoic acid, 
identical with authentic specimens prepared according to Lindermann and Lindenbaum 
(Ber., 1908, 41, 1610), and on decarboxylation by the quinoline method to isopaeonol 
(VII). The conversion of (VI) into (VII) also serves to confirm the orientation of 
Lindermann and Lindenbaum’s resacetophenone-carboxylic acid which was formed by 
application of the Friedel-Crafts reaction to 6-resorcylic acid and therefore might have 
been 2 : 4-dihydroxy-3-acetylbenzoic acid (compare Baker, J., 1934, 1684). 

In conjunction with the experiments on O-methyltetrahydroeuparin oxime these 
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results clearly show that O-methyleuparin contains an isopaeonol residue and hence euparin 
itself is a derivative of resacetophenone. Further, the C-atom which appears as the 
carboxyl group in (VI) is part of a C; residue which carries two ethylenic linkages and 
forms an ether system with the oxygen appearing as the free phenolic hydroxyl group 
in (VI), thus accounting for the function of the third oxygen atom. 


Me OH MeO OH MeO H 
Ac. JcO,H Ac Ac )CHO 
(VI.) (VIL) (VIII.) 


Ozonolysis of euparin methyl ether gave rise to formaldehyde and a phenolic aldehyde 
having an intense ferric reaction, which, in view of the production of (VI) by means of 
potassium permanganate, is considered to have the structure (VIII) and hence, on the 
assumption that the degradation by ozone proceeds in the normal manner (compare 
xanthoxyletin, J., 1936, 627), the remaining four carbon atoms of the C, residue are attached 
by an ethylenic linkage to the C-atom appearing as the formyl group in (VIII). The 
formation of formaldehyde by ozonolysis affords evidence that the second ethylenic linkage 
is present in the C, residue as a vinyl group and, further, the fact that both euparin and 
its methyl ether form crystalline adducts with maleic anhydride under the usual conditions 
indicates clearly that the ethylenic linkages present in the latter residue form a conjugate 


system. 
CH 
Oan ; eo: CH, 
Ac pone Jo CHCHy 
CH H 


(IX.) (X.) (XI.) 


On the basis of these results it seems reasonably certain that the C; residue forms part 
of a heterocyclic ring system of the type (IX), (X) or (XI) where, it is of interest to note, 
in each case the C, unit has the isoprene skeleton; the remaining possible expressions for 
the C, residue appear to be definitely excluded by the analytical evidence and need not be 
dealt with at this stage. Of the formule (IX), (X) and (XI), (XI) appears to be the least 
likely on the basis of the formation of (VIII) from O-methyleuparin with ozone, but in 
view of the abnormal results obtaining with xanthoxyletin and xanthyletin (loc. cit.) this 
expression cannot be altogether excluded. By analogy with rotenone and the 
furocoumarins of the peucedanin group we prefer, of the remaining alternatives, formula 
(IX) for euparin. 


EXPERIMENTAL. 


Euparin.—Finely powdered gravel root (30 lb., in batches of 10 lb.) was extracted (Soxhlet) 
with ether for 6 days and on evaporation of the solvent a green oil (698 g.) was obtained which 
after a long time deposited only traces of colourless crystalline material. Attempts to isolate 
euparin from this oil by means of solvents were unsuccessful and the following convenient and 
economical procedure was adopted: Light petroleum (b. p. 40—60°) (5 1.) was added to a solution 
of the green oil in twice its volume of ether (agitate) and 24 hours later the liquid was decanted 
from the resinous precipitate and evaporated. The residue was again treated with ether, 
followed by light petroleum, and an oil (A) (543 g.) was obtained which formed a clear solution 
with light petroleum; approximately 150 g. of a resin insoluble in light petroleum were thus 
separated. This material (A) (5 g.) was agitated with 10% aqueous sodium hydroxide (60 c.c.) 
for 5 minutes, the mixture extracted with ether, and the dried extracts evaporated; on being 
triturated with light petroleum (b. p. 40—60°), the residue yielded crude euparin as a yellow 
solid, m. p. 112—117°. By this method 543 g. of oil (A) gave 48-2 g. of euparin, 200-8 g. of a 
green oil obtained by acidification of the alkaline liquors, and 224 g. of a yellow oil resulting from 
the evaporation of the light petroleum washings of the euparin fraction. The last two fractions 
and the resinous precipitate are being retained for further investigation. 
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On being repeatedly crystallised from dilute alcohol and then from light petroleum (b. p. 
80—100°), euparin formed squat, bright yellow prisms, m. p. 118-5°, which gave a green color- 
ation with alcoholic ferric chloride and were readily soluble in ether, benzene or chloroform and 
very sparingly soluble in 8% aqueous sodium hydroxide [Found: C, 72-2; H, 5-5; M (Rast), 
241, 254. Calc. for C,,H,,0,: C, 72-2; H, 56%; M, 216. Calc. for C,,H,,0O,: C, 71-9; 
H, 56%; M, 284]. Euparin is volatile in steam and on being heated in a vacuum sublimes 
unchanged. Prepared by means of an alcoholic solution of 2 : 4-dinitrophenylhydrazine hydro- 
chloride, the 2 : 4-dinitrophenylhydrazone formed dark brown prisms, m. p. 252°, from ethyl 
acetate (Found: N, 14:2. C,gH,,O,N, requires N, 14:1%). The oxime separated from dilute 
alcohol in colourless prisms, m. p. 147—148° (Found: N, 6-2. C,,;H,,;0,N requires N, 6-1%), 
and the semicarbazone from much ethyl acetate in yellow prisms, m. p. 255° (Found: N, 15-4. 
C,,H,,0,N; requires N, 15-4%). 

Acetylation of euparin with excess of acetic anhydride and pyridine at room temperature 
for 3 days gave rise to the acetate, which formed colourless prisms, m. p. 80°, from light petroleum 
(b. p. 80—100°), having a negative ferric reaction (Found: C, 69-6; H, 5-5. C,,;H,,0, requires 
C, 69-8; H, 54%). 

Prepared by means of methyl iodide and potassium carbonate in boiling acetone in the 
course of 6 hours, O-methyleuparin formed colourless needles, m. p. 76—77°, from dilute 
alcohol, having a negative ferric reaction and readily soluble in the usual organic solvents 
(Found: C, 73:3; H, 60; OMe, 12:8. C,,;H,,0,(OMe) requires C, 73-0; H, 6-1; OMe, 
13-5%). 

Tetrahydroeuparin.—Hydrogen (approx. 2 mols.) was absorbed at atmospheric pressure in 
the course of 3 hours by euparin (1 g.) dissolved in ethyl acetate (100 c.c.) containing a palladium-— 
charcoal catalyst (from 0-2 g. of palladium chloride and 2 g. of charcoal); approximately half 
the hydrogen was absorbed in the course of 5 minutes. On isolation the product separated 
from light petroleum (b. p. 80—100°) in colourless rhombic prisms, m. p. 71°, readily soluble 
in alcohol, benzene or acetone and giving a brownish-red ferric reaction in alcohol (Found : 
C, 71-2; H, 7-4; M, 221, 227. C,,;H,,O, requires C, 70-9; H, 7:°3%; M, 220. C,3H,,O, 
requires C, 71-6; H, 6-4%; M, 220). Formed by the pyridine method, the acetate crystallised 
from light petroleum in colourless needles, m. p. 96—97°, having a negative ferric reaction 
(Found: C, 68-8; H, 6-9. C,,H,,0O, requires C, 68-7; H, 6-9%). By the usual procedure 
tetrahydroeuparin gave rise to an oxime, forming colourless needles, m. p. 133°, from light 
petroleum (Found: N, 5-9. C,,;H,,0;N requires N, 6-0%), and a 2: 4-dinitrophenylhydrazone, 
scarlet prisms, m. p. 240—241°, from benzene (Found: N, 13-9. C,gH,O,N, requires 
N, 140%) 

O-Methyltetrahydroeuparin was prepared from tetrahydroeuparin by the potassium 
carbonate-acetone method in the course of 6 hours and separated from light petroleum (b. p 
80—100°) in colourless plates, m. p. 57°, having a negative ferric reaction [Found: C, 72-1; 
H, 7:7; OMe, 13-4. C,,H,,0,(OMe) requires C, 71-8; H, 7:7; OMe, 13-3%]. The same 
compound was obtained by hydrogenation of euparin methyl ether (0-5 g.), aissolved in ethyl 
acetate (50 c.c.), with hydrogen (approx. 2 mols. absorbed) at atmospheric pressure and a 
palladium-charcoal catalyst in the course of 2 hours and on purification had m. p. and mixed 
m. p. 57°. 

The oxime of this compound formed colourless needles, m. p. 139°, from light petroleum 
(b. p. 60—80°) [Found: C, 67-5; H, 8-0; N, 5-8; OMe, 12°56. C,,H,,0,N(OMe) requires C, 
67-5; H, 7-6; N, 5-6; OMe, 12-5%]. Purified thionyl chloride (0-9 c.c.) was added dropwise 
to a solution (agitate) of this oxime (1-5 g.) in absolute ether (100 c.c.) at — 5° in the course 
of 10 minutes. The colourless precipitate which first separated gradually became red and 15 
minutes later the mixture was poured into ice-water (100 g.). After spontaneous evaporation 
of the ether the pale pink amide was collected; it crystallised from light petroleum (b. p. 80— 
100°) in colourless leaflets (0-9 g.), m. p. 133—134°, readily soluble in methyl or ethyl alcohol 
[Found: C, 67-4; H, 7-9; N, 5-4; OMe, 12-2. C,;H,,O,N(OMe) requires C, 67-5; H, 7-6; 
N, 5-6; OMe, 12-56%]. A second product could not be isolated from the residual aqueous 
liquors. 

The amide (0-6 g.) was boiled with 20% alcoholic potassium hydroxide (10 c.c.) for 4 hours, 
and the crystalline product precipitated with water. A solution of this material in dilute 
hydrochloric acid (3 c.c.) was filtered to remove traces of insoluble impurities and, on being 
basified with aqueous sodium hydroxide, gave the amine, which was purified by crystallisation 
from & small volume of light petroleum and then from aqueous methyl alcohol and finally by 
sublimation in a high vacuum, being obtained in colourless plates, m. p. 72° (Found: N, 6-8. 
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C,,H,,0,N requires N, 6-8%). Acetylation of the base (0-4 g.) with acetic anhydride (0-5 g.) 
during 5 minutes re-formed the amide (0-4 g.), m. p. and mixed m. p. 133—134°, after purific- 
ation from light petroleum (Found: C, 67-4; H, 7-7; N, 5:7; OMe, 12-6%). 

Oxidation of O-Methyleuparin with Potassium Permanganaie—4% Aqueous potassium 
permanganate (110 c.c.) was added to a well-agitated solution of the ether (1 g.) in acetone 
(30 c.c.) in the course of 4 hours and after the addition of dilute sulphuric acid (5 c.c.) the mixture 
was cleared with sulphur dioxide, warmed on the water-bath for 20 minutes, cooled, and extracted 
ten times with ether. The light brown solid (0-43 g.) left on evaporation of the combined dried 
ethereal extracts was dissolved in aqueous sodium bicarbonate, traces of insoluble material 
removed by means of ether, the residual solution acidified with hydrochloric acid, and the 
acidic product isolated with ether and crystallised from dilute alcohol and then from much 
warm water, giving 2-hydroxy-4-methoxy-5-acetylbenzoic acid in colourless needles, m. p. 215— 
217° (decomp.) after darkening at 211°, sparingly soluble in benzene, insoluble in light petroleum, 
and having a red-brown ferric reaction in alcohol [Found: C, 56-9; H, 4-8; OMe, 14-3; M 
(by titration), 216-9. C,H,O,(OMe) requires C, 57-1; H, 4:8; OMe, 148%; M, 210]. This 
acid (0-5 g.) was esterified by means of excess of ethereal diazomethane and the product, which 
was insoluble in aqueous sodium bicarbonate and gave a positive ferric reaction, was methylated 
with excess of methyl iodide and potassium carbonate (1 g.) in boiling acetone (20 c.c.) during 
8 hours. On isolation and hydrolysis the resulting ether gave rise to 2 : 4-dimethoxy-5-acetyl- 
benzoic acid (0-4 g.), which separated from warm alcohol in colourless needles, m. p. 233—234°, 
having a negative ferric reaction and identical in every way with an authentic specimen 
(Lindermann and Lindenbaum, Joc. cit., who give m. p. 231—233° but do not appear to have 
analysed their specimen) [Found: C, 58-9; H, 5-5; OMe, 26-6. Calc. for C,H,O;(OMe), : 
C, 58-9; H, 5-4; OMe, 27-7%]. 

The foregoing oxidation product (0-5 g.) was decarboxylated by being heated (oil-bath at 
200—220°) with quinoline and copper-bronze for 20 minutes and on isolation the resulting 
ketone was triturated with light petroleum and then crystallised from water, forming colourless 
needles, m. p. 135—137°, identical with an authentic specimen of 2-O-methylresacetophenone 
and yielding a 2: 4-dinitrophenylhydrazone which separated from alcohol in dark red prisms, 
m. p. 216—217° (Found: N, 16-1. C,,;H,,O,N, requires N, 16-2%). Authentic material was 
prepared by the method of Hoesch (Ber., 1915, 48, 1126) and also by the following procedure : 
2-Hydroxy-4-benzyloxyacetophenone, m. p. 105—106° (J., 1937, 1535), was methylated with 
excess of methyl iodide and potassium carbonate in boiling acetone during 9 hours and the 
resulting 2-methoxy-4-benzyloxyacetophenone (1 g.), which separated from alcohol in prisms, 
m. p. 69° [Found : OMe, 11-9. C,,H,,0,(OMe) requires OMe, 12-1%], was debenzylated by 
being heated on the water-bath for 1 hour and then under reflux for 5 minutes with a mixture 
of acetic acid (25 c.c.) and concentrated hydrochloric acid (15 c.c.). After isolation with ether 
and purification by means of 2% aqueous sodium hydroxide and then by crystallisation from 
water 2-O-methylresacetophenone had m. p. 136—137°. , 

The acid (0-3 g.) obtained by oxidation of euparin methyl ether with potassium permanganate 
was boiled (oil-bath) for 2 minutes with hydriodic acid (3 g., d 1-9) and the product (0-2 g.) 
which separated was collected, washed, and dissolved in aqueous sodium bicarbonate. After 
having been treated with charcoal and filtered, this solution on acidification yielded the 2: 4- 
dihydroxy-5-acetylbenzoic acid, forming colourless prisms, m. p. 256° (decomp.), from alcohol, 
identical with an authentic specimen (Lindermann and Lindenbaum, Joc. cit.). 

Ozonolysis of O-Methyleuparin.—A slow stream of ozone and oxygen was led into a solution 
of the ether (1 g.) in chloroform (50 c.c.) during 1} hours, the solvent was removed in a vacuum, 
and the residue was digested with water (50 c.c.) at room temperature for 15 hours and then on 
the water-bath for 20 minutes. On cooling, the solution slowly deposited 2-hydroxy-4-methoxy- 
5-acetylbenzaldehyde, which formed colourless needles (0-35 g.), m. p. 117—118°, from warm 
water (charcoal), having a brown ferric reaction in alcohol [Found: C, 61-7; H, 5-5; OMe, 
15-7. C,H,O,(OMe) requires C, 61-9; H, 5-2; OMe, 16-09%]. 

The combined aqueous filtrate and washings from the crude aldehyde were distilled and on 
treatment with excess of 2: 4-dinitrophenylhydrazine hydrochloride in hydrochloric acid the 
distillate gave a precipitate of the 2: 4-dinitrophenylhydrazone of formaldehyde, which on 
crystallisation from alcohol had m. p. 163—164° (Found: N, 26-9. Calc. for C;H,O,N,: N, 
26-7%). 

Condensation of Euparin and O-Methyleuparin with Maleic Anhydride.—A solution of euparin 
(0-5 g.) and maleic anhydride (0-25 g.) in warm benzene (25 c.c.) was refluxed in the steam-bath 
for 14 hours and the product, which separated from the cooled mixture, was collected and 
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crystallised from alcohol, forming colourless needles (0-5 g.), m. p. 244—245° (Found: C, 64-7; 
H, 4-6. C,,H,,O, requires C, 65-0; H, 4-5%). 

When a solution of O-methyleuparin (1 g.) and maleic anhydride (1 g.) in benzene or toluene 
(50 c.c.) was refluxed for 12 hours, the adduct separated in colourless plates, m. p. 212—213° 
after purification from alcohol [Found : C, 65-6; H, 5-0; OMe, 9-1. C,,H,,;0;(OMe) requires 
C, 65-9; H, 4:9; OMe, 9-5%]. 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant in aid of this 
investigation. 


UNIVERSITY OF LIVERPOOL. (Received, February 16th, 1939.) 





197. Furano-compounds. Part IV. A Synthesis of alloBergapten. 
By REGINALD T. Foster, WILLIAM N. HOWELL, and ALEXANDER ROBERTSON. 


A synthesis of allobergapten (VII), suggested by the results described in Part II, 
has been effected by way of the stages (I, R = Et), (II, R = CH,Ph), (II, R = H), 
(III, R = Et), (III, R =H), (V) and (VI). The orientation of the intermediate 
aldehyde (III, R = Et) is established by the fact that on hydrogenation, and methy]l- 
ation of the product, it gave rise to ethyl 4: 6-dimethoxy-7-methylcoumarone-2- 
carboxylate. 


By the condensation of 3 : 4: 6-triacetoxycoumaran with ethyl sodioformylacetate and 
distillation of the product Spath and his co-workers (Ber., 1937, 70, 243, 478) have obtained 
two of the three possible hydroxyfurocoumarins, viz., allobergaptol along with a smaller 
amount of bergaptol, which on methylation furnished allobergapten and bergapten 
respectively, but the procedure employed did not in itself serve to establish the orientation 
of the products. In the present communication there is described a rational synthesis of 
allobergapten which is based on the conclusions deduced in Part II (this vol., p. 921). 

The phenoxyacetic ester (I, R = Et) was prepared from 2-hydroxy-4-benzyloxy-6- 
methoxybenzaldehyde and ethyl bromoacetate by the potassium carbonate method and on 
cyclisation with alcoholic sodium ethoxide gave, along with small amounts of the acid 
(I, R =H), ethyl 6-benzyloxy-4-methoxycoumarone-2-carboxylate (II, R = CH,Ph), which 
on debenzylation with hydrogen and a palladium catalyst furnished a quantitative yield 
of ethyl 6-hydroxy-4-methoxycoumarone-2-carboxylate. Application of Gattermann’s re- 
action to the latter substance gave rise to the aldehyde (III, R = Et) in good yield, the 
orientation of which was established by the fact that on catalytic reduction, and methyl- 
ation of the product (IV, R = H), it gave rise to ethyl 4 : 6-dimethoxy-7-methylcoumarone- 
2-carboxylate (IV, R = Me), identical with an authentic specimen. 


CHO Me 


CH,Ph‘0/ O-CH,CO,R RO © cO,Bt no yy RO’ \” 
CHO , 
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Me Me OMe Me 


(I.) (II.) (III. (IV.) 
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Having found that application of the Perkin reaction to the aldehydo-ester (III, R = Et) 
gave a satisfactory yield of the furocoumarin (VIII, R = Et), we applied the same reaction 
to the aldehydo-acid (III, R=H), expecting that coumarin formation would be 
accompanied by simultaneous elimination of the carboxyl group in the furan residue and 
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thus lead to the direct production of (VII). The product, however, was acidic and appeared 
to be difficult to purify, but on -being heated with copper-bronze in a high vacuum the 
partly purified material gave a small amount of a substance, m. p. 195°, which is almost 
certainly impure allobergapten. Although these experiments indicated the possibility 
of attaining our objective by this route if sufficient starting material were employed, we 
abandoned the method when it was discovered that the following alternative route proved 
successful. 

Decarboxylation of the aldehydo-acid (III, R = H) by means of boiling quinoline 
containing copper-bronze gave a satisfactory yield of 6-hydroxy-4-methoxy-7-formyl- 
coumarone (V) and on condensation with cyanoacetic acid in alkaline solution and hydro- 
lysis of the resulting salicylidenecyanoacetic acid this aldehyde gave rise to a good yield 
of the coumarin-3-carboxylic acid (V1), from which allobergapten (VII) was obtained by 
elimination of the carboxyl group. 

In connexion with the results described in Part II (loc. cit.) it is of interest to note that 
in the formation of (II, R = H) from (II, R = CH,Ph) and of (IV?R = H) from (III) 
by means of hydrogen and a palladium catalyst the presence of the carbethoxy-group in the 
a-position serves to inhibit hydrogenation of the furan residue, whereas under the same 
conditions 6-benzyloxy-4-methoxycoumarone is quantitatively converted into 6-hydroxy-4- 
methoxycoumaran, a low-melting solid which is conveniently characterised by the form- 
ation of the p-nitrobenzoate. 


EXPERIMENTAL. 


Ethyl 5-Benzyloxy-3-methoxy-2-formylphenoxyacetate (I, R = Et).—A mixture of 2-hydroxy- 
4-benzyloxy-6-methoxybenzaldehyde (J., 1931, 2676) (6 g.), ethyl bromoacetate (4-5 g.), 
anhydrous potassium carbonate (6 g.), and acetone (75 c.c.) was heated on the steam-bath for 
4 hours, diluted with more acetone (75 c.c.), filtered (wash salts with acetone), and evaporated 
in a vacuum. The viscous product solidified on being triturated witha little ether and then 
separated from light petroleum (b. p. 60—80°) in colourless, elongated, rectangular prisms 
(6 g.), m. p. 74° (Found: C, 66-1; H, 5-8. C,,H,,O, requires C, 66-3; H, 5-8%). The 2: 4- 
dinitrophenylhydrazone formed red needles, m. p. 220°, from methyl alcohol (Found: C, 57-3; 
H, 4-6; N, 10-8. C,,H,,O,N, requires C, 57-3; H, 4-6; N, 10-7%). 

Ethyl 6-Benzyloxy-4-methoxycoumarone-2-carboxylate (II, R = CH,Ph).—When the fore- 
going aldehyde (15 g.) was dissolved in an alcoholic solution of sodium ethoxide (from 1-16 g. of 
sodium and 150 c.c. of alcohol) (agitate), crystalline material quickly began to separate from the 
resulting yellow solution and one hour later the product (II, R = CH,Ph) was collected, washed 
with water, and crystallised from 60% alcohol, forming long, colourless, rectangular prisms 
(9—10 g.), m. p. 111° (Found : C, 69-9; H, 5:7. C,,H,,O0; requires C, 69-9; H, 5-5%). When 
the yellow solution of this compound in concentrated sulphuric acid was warmed on the steam- 
bath, it became brown, then purple, and finally red-brown. 

On being acidified with dilute hydrochloric acid, the alkaline liquor left on removal of the 
foregoing ester gave a precipitate of 5-beuzyloxy-3-methoxy-2-formylphenoxyacetic acid (I, R = H), 
which separated from warm water in colourless needles (2 g.), m. p. 136°, identical with 
a specimen obtained by hydrolysis of the ethyl ester with hot 5% aqueous-alcoholic potassium 
hydroxide during } hour (Found: C, 64-7; H, 5-2. C,,H,,O, requires C, 64-6; H, 5-1%). 

Ethyl 6-Hydroxy-4-methoxycoumarone-2-carboxylate (II, R = H).—Debenzylation of ethyl 
6-benzyloxy-4-methoxycoumarone-2-carboxylate (2 g.), dissolved in acetic acid (75 c.c.), was 
effected with hydrogen (120 c.c. absorbed) at atmospheric pressure and a palladium—charcoal 
catalyst (from 2 g. of charcoal and 0-2 g. of palladium chloride) in the course of 15 minutes. 
The filtered liquid was evaporated in a vacuum; the residual product (1-4 g.) crystallised from 
aqueous alcohol in colourless rectangular prisms, m. p. 193°, moderately readily soluble in 
acetic acid or benzene and insoluble in light petroleum (Found: C, 61-1; H, 5-2. C,,H,,0; 
requires C, 61-0; H, 5-1%). The sulphuric acid reaction was purple, changing to red-brown. 

Ethyl 6-Hydroxy-4-methoxy-7-formylcoumarone-2-carboxylate (III, R = Et).—A solution of 
the foregoing compound (1 g.) in ether (250 c.c.), containing hydrogen cyanide (1 c.c.) and zinc 
cyanide (2 g.), was saturated with hydrogen chloride, 12 hours later the ether was decanted 
from the purple oil which had separated, and the latter material was well washed with ether 
to remove hydrogen chloride and then heated on the steam-bath with water (50 c.c.) for 15 
minutes. The resulting aldehyde separated from dilute alcohol in rectangular plates (0-7 g.), 
m. p. 178°, giving a red-brown ferric reaction and a yellow sulphuric reaction which became blue 
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and then brown (Found: C, 59-2; H, 4-6. C,,;H,,O, requires C, 59-1; H, 46%). The 
2 : 4-dinitrophenylhydrazone formed scarlet needles, m. p. 252°, from alcohol (Found : N, 13-0. 
C,,H,,O,N, requires N, 12-6%). 

This aldehyde (0-4 g.), dissolved in acetic acid (50 c.c.), was reduced with hydrogen (approx. 
2 mols. absorbed) and a palladium—charcoal catalyst (from 0-2 g. of palladium chloride and 2 g. 
of charcoal) in the course of 30 minutes and after neutralisation of the filtered solution with 
sodium bicarbonate the substance (IV, R = H) (0-2 g.) was isolated with ether, crystallised once 
from alcohol (m. p. 191—193°), and methylated with methyl iodide (1 c.c.) and potassium 
carbonate (0-5 g.) in boiling acetone (10 c.c.) during 6 hours. On isolation the resulting ethyl 
4: 6-dimethoxy-7-methylcoumarone-2-carboxylate (IV, R = Me) separated from aqueous 
alcohol in colourless, elongated, rectangular prisms, m. p. 125°, which on admixture with an 
authentic specimen had m. p. 126° (Part II, Joc. cit.); mixed with ethyl 4 : 6-dimethoxy-5- 
methylcoumarone-2-carboxylate, m. p. 115° (Part II, Joc. cit.), the ester (IV, R = Me) melted at 
about 85°. 

Ethyl 7-Methoxy-5 : 6: 4’ : 5'-furocoumarin-2'-carboxylate (VIII, R = Et).—A mixture of 
the foregoing aldehyd® (0-2 g.), acetic anhydride (10 c.c.), and sodium acetate (5 g.) was refluxed 
for 5 hours, cooled, treated with water, and neutralised with sodium bicarbonate. On isolation 
with ether the resulting furocoumarin (0-1 g.) separated from alcohol in stout needles, m. p. 
240°, soluble in benzene (Found : C, 62-3; H, 4-2. C,,;H,,0O, requires C, 62:5; H, 4:2%). 

6-H ydroxy-4-methoxy-7-formylcoumarone (V).—Ethyl  6-hydroxy-4-methoxy-7-formyl- 
coumarone-2-carboxylate (1 g.) was boiled with aqueous-alcoholic potassium hydroxide (from 
1 g. of potassium hydroxide, 15 c.c. of alcohol, and 10 c.c. of water) for } hour and, after being 
diluted with water (40 c.c.), the cooled solution was acidified with dilute hydrochloric acid. 
The acid (0-85 g.) thus precipitated formed colourless rectangular prisms, m. p. 281° (decomp.), 
from aqueous acetone, which gave a greenish-brown ferric reaction in alcohol [Found : C, 55-9; 
H, 3-4; OMe, 13-0. C,g9H,O,(OMe) requires C, 55-9; H, 3-5; OMe, 13-1%]. The sulphuric 
reaction was yellow, becoming blue, then purple, and finally brown. 

A solution of this acid (1 g.) in quinoline (10 c.c.), containing copper-bronze (1 g.), was 
refluxed for 10 minutes, cooled, diluted with ether (100 c.c.), filtered, and washed with dilute 
hydrochloric acid to remove the quinoline and then with aqueous sodium bicarbonate to remove 
traces of acidic material. The formylcoumarone (V) was isolated from the ethereal solution 
by extraction with n-sodium hydroxide, followed by acidification of the combined extracts with 
dilute hydrochloric acid, and was crystallised from warm aqueous alcohol, forming rectangular 
prisms (0-65 g.), m. p. 135°, having a green ferric reaction in alcohol [Found : C, 62-4; H, 4-4; 
OMe, 15-9. C,H,O,(OMe) requires C, 62-5; H, 4:2; OMe, 16-1%]. The 2: 4-dinitrophenyl- 
hydrazone separated from ethyl acetate in scarlet needles, m. p. 253° (Found: N, 14-7. 
C,4H,,0,N, requires N, 14-6%). 

7-Methoxy-5 : 6: 4’ : 5'-furocoumarin-3-carboxylic Acid (VI).—A solution of the foregoing 
aldehyde (1 g.) and cyanoacetic acid (7 c.c. of a solution prepared according to Phelps and 
Tillotson, Amer. J. Sci., 1908, 26, 267) in 20% aqueous sodium hydroxide (20 c.c.) was kept 
for 24 hours, acidified (Congo-red) with dilute hydrochloric acid, and diluted with water (50 
c.c.). On being boiled with 4% hydrochloric acid for } hour, the resulting yellow precipitate 
of the salicylidenecyanoacetic acid, m. p. 206—208° (decomp.), was converted into the insoluble 
coumarin-3-carboxylic acid (V1), which separated from aqueous acetone in rectangular prisms 
(0-7 g.), m. p. 242° [Found: C, 60-0; H, 3-4; OMe, 11-8. C,,H,;0,(OMe) requires C, 60-0; 
H, 3-1; OMe, 11-9%]. A solution of this acid in alcohol or acetone exhibited a bluish-purple 
fluorescence. 

7-Methoxy-5 : 6: 4’ : 5'-furocoumarin (alloBergapten) (VII).—The aforementioned carboxylic 
acid (VI) (0-6 g.) was decarboxylated with boiling quinoline (10 c.c.) containing copper-bronze 
(0-8 g.) in the course of 5 minutes, and the reaction mixture diluted with ether (100 c.c.) and 
filtered. After the separation of the quinoline by extraction with dilute hydrochloric acid and 
subsequently of traces of acidic material with 2% aqueous sodium hydroxide the ethereal 
solution was washed, dried, and evaporated, and the residual allobergapten purified by sublim- 
ation in a high vacuum (140—150°/0-01 mm.) and then by crystallisation from methy] alcohol, 
forming colourless, rectangular prisms (0-2 g.), m. p. 207°, identical in every way with the 
material, m. p. 207°, described by Spath and co-workers (loc. cit.) [Found: C, 66-6; H, 3-8; 
OMe, 14-3. Calc. for C,,H,O,(OMe) : C, 66-7; H, 3-7; OMe, 14-4%]. 

6-H ydroxy-4-methoxycoumaran.—A mixture of 5-benzyloxy-3-methoxy-2-formylphenoxy- 
acetic acid (I, R = H) (0-4 g.), sodium acetate (1-5 g.), and acetic anhydride (15 c.c.) was 
refluxed for } hour, the greater part of the anhydride removed in a vacuum, and the residue 
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treated with water. On neutralisation of the aqueous liquors with sodium bicarbonate 24 
hours later, the oily product, consisting of 6-benzyloxy-4-methoxycoumarone, solidified and then 
separated from 70% alcohol in colourless plates, m. p. 55—56° (Found: C, 75-6; H, 5-6. 
C1.H,,0; requires C, 75-6; H, 5-5%). 

Hydrogenation and simultaneous debenzylation of this coumarone (1 g.), dissolved in acetic 
acid (50 c.c.), with hydrogen and a palladium-—charcoal catalyst (from 0-1 g. of palladium chloride 
and 1 g. of charcoal) was complete in about 20 minutes. The filtered solution was neutralised 
with aqueous sodium bicarbonate and on isolation with ether the resulting 6-hydroxy-4- 
methoxycoumaran was obtained as a low-melting solid which, owing to its solubility in the usual 
organic solvents, except aqueous alcohol, could not be conveniently recrystallised and was 
directly converted into the p-nitrobenzoate by treatment with an excess of p-nitrobenzoyl chloride 
and pyridine. This derivative separated from alcohol in needles, m. p. 159—160° (Found : 
C, 61-0; H, 4:4; N, 4-7. C,,H,,0,N requires C, 61-0; H, 4-2; N, 44%). 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant in aid of this 
investigation. 


UNIVERSITY OF LIVERPOOL. [Received, March 29th, 1939.] 





198. Furano-compounds. Part V. The Synthesis of Tetrahydroewparin 
and the Structure of Euparin. 


By Bua KAMTHONG and ALEXANDER ROBERTSON. 


The formation of small amounts of isovaleric acid in the course of attempts to obtain 
deacetyltetrahydroeuparin from tetrahydroeuparin appeared to support the view that 
the latter was an isopropylcoumaran derivative (V). Accordingly the latter has been 
synthesised from (I) by way of the stages (II), (III), and (IV) and found to be identical 
with the natural compound. Consequently the expressions (VII) and (VIII, R = H) 
for euparin and its adduct with maleic anhydride clearly follow. 

The preparation of coumarono- and coumarano-y-pyrones from euparin is described. 


In the course of experiments undertaken to decide between the possible expressions deduced 
in Part III (this vol., p. 925) for euparin, we investigated the hydrolytic fission of tetra- 
hydroeuparin with a view to preparing deacetyltetrahydroeuparin, the structure of which we 
hoped to establish by synthesis. Though we were unable to ascertain the conditions 
required for the formation of the latter substance, we observed that when tetrahydroeuparin 
was heated with concentrated potassium hydroxide solution at 290° there was formed a 
small amount of phenolic material along with an acidic fraction which smelt strongly of 
isovaleric acid. Although the amount of the product formed by heating the latter fraction 
with phenylhydrazine was too small to permit exhaustive purification, the crystalline 
material isolated from it undoubtedly consisted of the phenylhydrazide of tsovaleric acid in 
an almost pure condition. Whilst in agreement with the isoprene skeleton already suggested 
for the C, residue of euparin, the formation of tsovaleric acid under these conditions is a 
result which would not normally be expected in the case of the tetrahydro-derivative of a 
compound having one of the three possible formule proposed for euparin in Part IIT (loc. 
cit.) and must arise from a rearrangement and oxidation of a primary product of hydrolysis. 
This conversion would appear to be most feasible in the case of the primary fission product 
formed from a substance having the structure (V), thus CHMe,°CH(OH)-CH,°OH or 
CHMe,*CH:CH-OH —> CHMe,°CH,°CO,H, and consequently, though these experiments 
failed to give the expected result, they served to indicate that tetrahydroeuparin probably 
had formula (V), a conclusion which has been substantiated by the synthesis of this 
compound. 

Of the methods available for the synthesis of the required intermediate coumarone 
(III), the catalytic reduction of 3 : 6-diacetoxy-2-tsopropylcoumarone had been found to 
give negative results (Robertson and co-workers, J., 1937, 1530) and consequently we 
adopted the procedure of Sonn (Ber., 1925, 58, 96; compare Spath and co-workers, sbid., 
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1936, 69, 1087) whereby a coumarone (type III) is obtained by thermal decomposition of 
the acetate of a 3-aminocoumaran (type II) formed by reduction of the oxime of the 
corresponding coumaranone (type I). 


H \cH-cHMe, _, YO\CHCHMe, _, /°)CHMe, 
:NOH /CHENH, 
(I.) (II.) (III.) 


Me-CO 


O\CH-CHMe, H CH-CHMe, H 
H Me-C H 
2 2 


(IV.) (V.) (VI.) 


Accordingly, reduction of the oxime (I) was effected with sodium amalgam in the presence 
of acetic acid, but owing to the intractable nature of the product we did not attempt to 
isolate the intermediate amine (II) or its acetate. On being heated in a high vacuum, 
however, the light brown solid, which was isolated from the crude product with the aid of 
light petroleum, furnished a 10% yield of the coumarone (III), which on hydrogenation with 
a palladium catalyst yielded the coumaran (IV). Condensation of the latter compound 
with acetonitrile according to the method of Hoesch gave rise to (V), identical in every 
way with tetrahydroeuparin. That the substance (V) has the C-acetyl group in the 
5-position follows upon the formation of 4-hydroxy-2-methoxyacetophenone-5-carboxylic 
acid from O-methyleuparin by means of potassium permanganate (Part III, loc. cit.), and 
consequently the isomeric C-acetylcoumaran resulting from the application of the Fries 
reaction to the acetate of (IV) must have formula (VI). 
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e CH 


H Oo 
cO—O 
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As a consequence of evidence described in Part III and the established structure for 
tetrahydroeuparin it is now clear that euparin has formula (VII) and hence the adducts 
formed by condensation of euparin and of O-methyleuparin with maleic anhydride (Part 
III) must be represented by the expressions (VIII, R = H) and (VIII, R = Me) respectively. 

The syntheses of (X) and (XI) by way of the corresponding diketones (type IX), whichare 
included in the present communication, were undertaken at an earlier stage in the work 
on euparin in order to demonstrate that in euparin and tetrahydroeuparin the hydroxyl 
group is in the o-position to the C-acetyl group. These compounds constitute examples of 
furo- and dihydrofuro-chromones (compare Curd and Robertson, J., 1933, 1173), analogous 
to kellin (Ber., 1938, 71, 106). 

In the course of experiments on the constitution and synthesis of chroman derivatives 
evidence has been advanced in support of the view that the reduction product of, ¢.g., 
7-hydroxy-2 : 2-dimethylchromanone is the corresponding chroman and not the isomeric 
6-hydroxy-2-isopropylcoumaran (IV) (Robertson and co-workers, J., 1937, 279, 1530). 
The present synthesis of the latter compound by an unambiguous method affords con- 
firmatory evidence for the structure of the isomeric 6-hydroxy-2 : 2-dimethylchroman and 
hence of xanthyletin (J., 1937, 1542). 
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EXPERIMENTAL. 


Fission of Tetrahydroeuparin with Potassium Hydroxide.—A solution of tetrahydroeuparin 
(1 g.) in alcohol (10 c.c.) and 50% aqueous potassium hydroxide (50 c.c.) was heated (oil-bath) 
in an atmosphere of nitrogen at 290° for 4 hours, and the cooled mixture treated with ice-water 
(100 g.), neutralised with sulphuric acid and aqueous sodium bicarbonate, and extracted with 
ether. Evaporation of the dried extracts left a small amount of a viscous oil, having a red ferric 
reaction, which after distillation in a high vacuum gave, on treatment with p-nitrobenzoyl 
chloride in pyridine, a small yield of a product, forming colourless prisms, m. p. 182—183°, 
from alcohol. The amount of this material was insufficient for further investigation. 

From the aqueous liquors which had been acidified with dilute sulphuric acid a brown oil 
(0-32 g.) was isolated with ether and treated with aqueous ammonia containing calcium chloride ; 
the mixture was filtered from a small precipitate, acidified with sulphuric acid, and extracted 
several times with ether. The residue left on evaporation of the combined, dried extracts was 
heated with phenylhydrazine (2 c.c.) at 120—130° for 2 hours, and the product (0-12 g.), b. p. 
110—130°/2 mm., isolated by distillation in a vacuum and repeatedly crystallised from ether— 
light petroleum (b. p. 40—60°), giving a small amount of a substance in colourless plates, m. p. 
105—106°, undepressed by authentic isovalerophenylhydrazide, m. p. 110°, prepared by the 
same method (Ber., 1901, 34, 179). 

6-Hydroxy-2-isopropylcoumarone (III).—On being refluxed with hydroxylamine hydro- 
chloride (9 g.) and sodium acetate (10 g.) on the steam-bath for 4 hours, a solution of 6-hydroxy- 
2-isopropyl-3-coumaranone (20 g.) (Robertson and co-workers, Joc. cit.) in alcohol (200 c.c.) 
gave the oxime (I), which separated from dilute alcohol in colourless needles (19-5 g.), m. p. 
165—166° (Found: N, 7-0. C,,H,,;0,;N requires N, 6-8%). Sodium amalgam (650 g., con- 
taining 24% of sodium) was added gradually in the course of 3 hours to a solution of the oxime 
(13 g.) in a mixture of absolute alcohol (150 c.c.) and acetic acid (60 c.c.) at 0°; after 1 hour a 
further quantity of acetic acid was added. After separation of the mercury the greater part of 
the alcohol was distilled in a vacuum, the residue neutralised with sodium bicarbonate and 
extracted with ether, and the brown resinous product left on evaporation of the solvent repeatedly 
extracted with light petroleum (b. p. 80—100°). The volume of the combined extracts was 
reduced to about 100 c.c. and, after having been filtered to remove a small amount of a brown 
semi-solid which had separated, the solution was diluted with an equal volume of ether and 
extracted several times with 4% aqueous sodium hydroxide. Acidification of the combined 
alkaline extracts with acetic acid gave a light brown precipitate, from which 6-hydroxy-2-iso- 
propylcoumarone was isolated by sublimation in a high vacuum at 110—120°/2 mm.; it formed 
colourless prisms (1-6 g.), m. p. 75—76°, from light petroleum (b. p. 60—80°) (Found: C, 75-3; 
H, 7:2. ©,,H,,0O, requires C, 75-0; H, 6-8%). Ina similar manner a further quantity (0-2 g.) 
of the coumarone was obtained from the brown product which separated from the concentrated 
light petroleum extracts. On being warmed, the yellow solution of this substance in concen- 
trated sulphuric acid became red. 

A diminished yield of the coumarone resulted when the reduction was carried out at 40—50°. 

6-Hydroxy-2-isopropylcoumaran (IV).—Hydrogenation of the foregoing coumarone (1 g.), 
dissolved in ethyl acetate (100 c.c.), with hydrogen (approx. 1 mol. absorbed) at atmospheric 
pressure and a palladium—charcoal catalyst (irom 4-2 g. of palladium chloride and 2 g. of charcoal) 
in the course of 14 hours gave rise to the dihydro-derivative, which formed colourless prisms 
(0-6 g.), m. p. 79—80°, from light petroleum (b. p. 60—80°) (Found: C, 74-0; H, 7-7. C,,H,,0, 
requires C, 74:1; H, 7-9%). 

6-Hydroxy-5-acetyl-2-isopropylcoumaran (Tetrahydroeuparin) (V).—The condensation of the 
foregoing compound (1 g.) and excess of acetonitrile in ether (50 c.c.) was effected with zinc 
chloride (2 g.) and excess of hydrogen chloride in the course of 3 days. After the addition of 
more ether (200 c.c.) the solvent was decanted, the residual brown oil was washed with ether and 
heated with water (50 c.c.) on the steam-bath for 20 minutes, and next day the resulting 
tetrahydroeuparin was collected, washed, and crystallised from light petroleum (b. p. 60—80°), 
forming rhombic prisms, m. p. 70—71°, identical in every way with a natural specimen (Found : 
C, 71-0; H, 7-3. Calc. for C,,H,,0,: C, 70-9; H, 7:3%). The 2: 4-dinitrophenylhydrazone 
separated from benzene in scarlet prisms, m. p. 240—241°, alone or mixed with the natural 
derivative (Found: N, 14-3. Calc. for CjgH,O0,N,: N, 140%). 

6-Hydroxy-7-acetyl-2-isopropylcoumaran (V1).—A solution of the acetate of 6-hydroxy-2- 
isopropylcoumaran (0-9 g.), m. p. 47—48° (prepared by means of pyridine and acetic anhydride) 
in nitrobenzene (10 c.c.) containing aluminium chloride (1-4 g.) was kept for 24 hours and then 
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treated with ice-water and dilute hydrochloric acid. The nitrobenzene was removed from an 
ethereal extract of the reaction mixture with steam and on isolation with ether the ketone 
(0-4 g.) was purified by means of 5% aqueous sodium hydroxide and then by crystallisation from 
light petroleum, forming colourless needles, m. p. 115—116°, which gave a red-brown ferric 
reaction in alcohol and a 2 : 4-diniirophenylhydrazone, separating in dark orange needles, m. p. 
295—297°, from much alcohol (Found: N, 14-3. C,,H,,O,N, requires N, 14-0%). 

6-Hydroxy-2-n-propyl-3-coumaranone.—In view of the poor yield of (III) obtained from (I) 
we investigated the conversion of 6-hydroxy-2-n-propyl-3-coumaranone into the corr esponding 
6-hydroxy-2-n-propylcoumarone by the same procedure. 

a-Bromo-n-valeryl chloride (30 g.) was gradually added to a cooled solution of resorcinol 
(20 g.) and aluminium chloride (26 g.) in nitrobenzene (335 c.c.) and next day the mixture was 
heated at 70° for 2 hours. After the addition of ice and dilute hydrochloric acid the product 
mixed with nitrobenzene was isolated with ether, the nitrobenzene removed with steam, a solution 
of the residual dark oil in ether extracted several times with 4% aqueous sodium hydroxide, and 
the combined extracts acidified with acetic acid. The product thus precipitated was repeatedly 
extracted with much boiling water and on being kept for 7 days the combined extracts deposited 
the coumaranone in colourless prisms (5-4 g.). Recrystallised from benzene, this substance 
formed rhombic prisms, m. p. 108—109°, having a negative ferric reaction (Found: C, 68-9; 
H, 6-3. C,,H,,0; requires C, 68-8; H, 6-3%). 

Oximation of this coumaranone (10 g.) gave rise to a colourless oily product (10 g.) which did 
not solidify and was reduced with sodium amalgam according to the method employed in the 
case of the oxime of 6-hydroxy-2-isopropyl-3-coumaranone, yielding a resinous brown oil. 
From the latter material boiling light petroleum extracted a small amount of a light brown oil, 
which appeared to consist mainly of 6-hydroxy-2-n-propylcoumarone, This product, which 
gave a red coloration with warm concentrated sulphuric acid, formed a p-nitrobenzoate, m. p. 
61—62° after purification from alcohol (Found: N, 4-4. C,,H,,0,N requires N, 4:3%). Lack 
of material prevented further examination of the coumarone. 

6-Hydroxy-5-acetoacetyl-2-isopropylcoumaran.—To a solution of tetrahydroeuparin (1 g.) 
in ethyl acetate (2 c.c.), sodium (0-5 g., in small pieces) was gradually added and when the 
initial reaction had ceased the mixture was heated on the steam-bath for 6 hours; after 4 hours 
more sodium (0-1 g.) and ethyl acetate (1 c.c.) were added. A little alcohol was then added to 
dissolve traces of unchanged sodium, and the cooled reaction mixture treated with ice-water 
and aciditied with acetic acid. Next day the resulting diketone (0-8 g.) was collected, triturated 
with a little ethyl acetate, and then crystallised from light petroleum (b. p. 80—100°), forming 
colourless prisms, m. p. 109—110°, soluble in benzene and alcohol and giving a dark brown 
ferric reaction in alcohol (Found: C, 68-9; H, 6-8. (C,;H,,O, requires C, 68-7; H, 6-9%). 

2-Methyl-2'-isopropyl-2' : 3'-dihydrofuro(4’ : 5’: 6: 7)chromone (XI) was formed by cyclis- 
ation of the foregoing diketone (0-2 g.) with boiling acetic acid (5 c.c.), containing 3 drops of con- 
centrated hydrochloric acid, in the course of 3 minutes and was precipitated (m. p, 114—118°) 
by the addition of water to the reaction mixture. Recrystallised from light petroleum, it formed 
colourless needles, m. p. 119—120°, soluble in benzene and alcohol and giving in concentrated 
sulphuric acid a colourless solution which exhibited a blue fluorescence (Found: C, 73-6; H, 
6-4. C,,H,,O, requires C, 73-8; H, 6-6%). 

2-Methyl-2'-isopropenylfuro(4’ : 5’: 6: 7)chromone (X).—Interaction of euparin (0-8 g.), 
ethyl acetate (5 c.c.), and sodium (0-4 g.) on the steam-bath for 5 hours gave rise to 6-hydroxy- 
5-acetoacetyl-2-isopropenylcoumarone (IX) (0-65 g.), which separated from alcohol in yellow 
prisms, m. p. 139—140°, readily soluble in ethyl acetate or benzene and having a red-brown 
ferric reaction (Found : C, 70-0; H, 5-6. C,,H,,O, requires C, 69-8; H, 5-4%). Cyclisation of 
this diketone (0-3 g.) by boiling acetic acid (10 c.c.) containing 3 drops of concentrated hydro- 
chloric acid during 2 minutes gave rise to the furochromone (X) (0-26 g.), which formed stellate 
aggregates of siender needles, m. p. 220°, from alcohol (Found: C, 74-8; H, 5:1. C,sH,,0, 
requires C, 75-0; H, 5-0%). The colourless solutions of the compound in alcohol and in 
sulphuric acid exhibited a faint purple fluorescence. 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant in aid of this 


investigation. 
(Received, March 29th, 1939.] 
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199. Picrotoxin. Part III. 
By JAMES C. HARLAND and ALEXANDER ROBERTSON. 


On being boiled with hydriodic acid and red phosphorus, picrotoxinone and 
picrotoxinonic acid give rise to a mixture from which a phenolic ketone C,,H,,O,, 
norpicrotic acid, and hydroxynorpicrotic acid have been isolated. On reduction the 
ketone gave rise to a phenol identical with 1-methyl-4-ethyl-5 : 6 : 7 : 8-tetrahydro-8- 
naphthol, the synthesis of which and that of the isomeric 4-methy]l-1l-ethyl-5 : 6 : 7: 8- 
tetrahydro-8-naphthol are described. From the structure of the phenol the positions 
of the ethylenic linkage and of an oxygen atom in picrotoxinin and picrotoxic acid are 
deduced. The possible significance of the formation of a naphthalene derivative from 
a picrotoxinin degradation product is discussed and structural formule for nor- and 
hydroxynor-picrotic acid have been developed. 


In Part II (J., 1936, 288) it was shown that the formation of picrotoxinone and of picro- 
toxinonic acid from picrotoxinin and picrotoxic acid, respectively, is accompanied by the 
production of considerable amounts of formaldehyde and hence the double bond in the 
parent compounds is present as a vinyl group. On the assumption that the C-skeleton * 
of picrotoxinin and its derivatives is essentially that obtaining in picrotic acid (J., 1935, 
997) there are only two possible positions for the latter group, viz., those represented by the 
partial formule (I) and (II), and in this connexion it may be noted that Horrmann (Ber., 
1916, 49, 1557) claimed to have obtained a lactonic dibasic acid by the oxidation of picrotox- 
inonic acid according to the scheme 

60 ~CO.H 4 

C420, by —> toon —- [ihe 
-CO -CO, *H -CO,H 


a result which may now be interpreted as indicating that picrotoxinone and picrotoxinonic 
acid have either formula type (III) or (IV). If Horrmann’s results are accepted, the latter 
structure implies that the methylene group, which is adjacent to the carbonyl and undergoes 
oxidation in the course of the formation of the lactonic acid, would form part of a second 
cyclic system in picrotoxinonic acid and therefore in all probability in picrotoxinin and 
picrotoxic acid. In support of the structure type (IV) for picrotoxinone and hence type (I) 
for picrotoxinin we found that, unlike the latter compound, picrotoxinone did not give rise 
to acetone on being heated with potassium hydroxide at 310—320°. Before attempting 
to confirm the formation of Horrmann’s acid and to elucidate its structure it seemed highly 
desirable to establish the position of the double bond in the picrotoxinin C-skeleton by an 
independent procedure and the most direct method of attaining this objective appeared to 
be by the conversion of picrotoxinone into an aromatic system analogous to the formation 
of picrotic acid from picrotoxinin. 


Me7 i r 
ee ae \ /~ / \ * 
o¢ vo of ¥ CY og 
Go & . = CO- Cc C 
Nv ie 4 \ 4 
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ch, ie ts Me \ve ol 
(I.) ‘ (III.) one. 
* Until decisive experimental evidence opposing this view is available we propose, in discussing 


experimental results and in formulating the changes undergone by picrotoxinin and its degradation 
products, to employ this working hypothesis. 
3Q 
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In the course of preliminary experiments in this direction it was found that the carbonyl 
group in picrotoxinone or in picrotoxinonic acid could not be reduced by catalytic methods, 
and Clemmensen’s method gave rise to a water-soluble product which proved intractable. 
When, however, picrotoxinone or picrotoxinonic acid was heated with hydriodic acid and 
red phosphorus, a complex mixture resulted from which a phenolic ketone C,,H,,0, and 
two acids, norpicrotic acid and hydroxynorpicrotic acid, were isolated. These compounds 
were accompanied by smaller amounts of neutral oil, which could not be resolved into 
individual substances, together with a small amount of a solid insufficient for complete 
examination and a considerable quantity of an amorphous product. 


Me CH, 


Me OH 
“Non, 
on H 
t CH, t HMe, 
(V.) (VI.) (VII.) 


The alkali-soluble ketone C,,H,,0,, which did not give a ferric reaction and was con- 
veniently characterised by the formation of a semicarbazone and a 2: 4-dintirophenyl- 
hydrazone, appeared to be a saturated compound and on reduction by Clemmensen’s method 
gave rise to a saturated phenol, C,,H,,O, which readily formed a p-nitrobenzoate. From 
the empirical formule of the ketone and its reduction product it appeared clear that in 
addition to the benzenoid system both compounds contained a second carbocyclic system. 
Further, from a consideration of the C-skeleton of picrotoxinin in conjunction with the 
feasible partial structure types (IIT) and (IV) suggested for picrotoxinone it seemed possible 
that the phenol might be a tetrahydronaphthol having formula (V), (VI), or type (VII) 
where the hydroxyl group could be in the o-, m-, or p-position to the tsopropyl residue. 
Although, in view of the structure of picrotic acid, in which carboxyl groups may be 
considered to originate from the dilactone system which has been attributed to picro- 
toxinin, the evidence for the tetrahydronaphthol formula was somewhat slender, it was 
decided to undertake the synthesis of the aforementioned tetrahydronaphthol types. 

Since the starting material, 5-methyl-2-ethylphenol, was readily available, the synthesis 
of 4-methyl-1-ethyl-5 : 6 : 7 : 8-tetrahydro-B-naphtho} (V1) by way of the stages (VIII), (IX), 
(X), and (XI) was carried out first and although this compound closely resembled the 
natural phenol the two een Ole ae were not identical. 


Me Me CH, CH, 
OCH eCOH Rial bs COH ‘eS Lalay 


t + 4s 
(VIII.) 7: ) (X.) 


Me 


Me Me 
Me Me Me 
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(XII) (XIII.) (XIV.) Poss ) 


1-Methyl-4-ethyl-5: 6:7 :8-tetrahydro-8-naphthol (V) was then synthesised from the ketone 
(XII, R = Ac) in a similar manner by way of the stages (XII, R = Et), (XIII), (XIV), and 
(XV) and found to be identical with the natural phenol, a result which was confirmed by 
comparison of the -nitrobenzoates; on account of this successful issue the preparation of 
the tetrahydronaphthols type (VII) was not proceeded with. In connexion with these 
syntheses it may be noted that the orientation of the intermediate §-anisoylpropionic 
acids, (VIII) and (XIII), follows on general grounds and from the fact that the compounds 
were successfully converted into the tetralones (X) and (XIV) respectively. 
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From the established structure of the naphthol (V) it is clear that the parent ketone 
Cy3H 1602 is either the C-acetyltetrahydronaphthol (XVI) or a tetralone for which four 
expressions are possible, and of the latter formule (XVII) and (XVIII) are considered to 
be the more likely in view of the structures of picrotone and picrotic acid. Although the 
evidence available does not enable us to make a choice between the orientations possible 
for the ketone C,,H,,O0,, nevertheless the position of the ethylenic linkage in picrotoxinin 
and picrotoxic acid can be deduced from the formation of the tetrahydronaphthol (V). 
Since the possible positions for the double bond are limited to two, indicated by formulz (I) 
and (II), comparison of the C-skeleton (I) of picrotoxinin and picrotic acid with that of the 
naphthol (V) shows that in the latter the C,)-atom is missing (C,, or C,, would be lost as 
carbon dioxide; compare formation of picrotone and picrotonol, Joc. ctt.), t.e., the ethyl 
group of the naphthol (V) must originate by removal of a methylene group by ozonolysis 
from the isopropyl residue of picrotoxinin which appears as the phthalide group of picrotic 
acid. Hence it follows that the double bond in picrotoxinin and in picrotoxic acid has the 
position indicated in (I) and that picrotoxinone and picrotoxinonic acid may be represented 
by the formula type (IV), in which we consider the *C-atom to be present as a methyl and 
not as a methylene group, a point which we hope to clarify when an examination of Horr- 
mann’s lactonic dibasic acid is completed. Further, on the assumption, which appears 
justifiable at present, that the hydroxyl group of the phenol does not arise by a secondary 
reaction (e.g., hydration) in the formation of the aromatic system, this group clearly 
indicates the position of attachment of an oxygen atom in picrotoxinone and hence in picro- 
toxinin and, since it is reasonably certain that the latter does not contain a secondary 
alcohol group, this oxygen atom must be present either as a tertiary alcohol group or 
(more probably) in an ether system (compare Part II, Joc. cit.) ; from the evidence afforded 
by picrotic acid, picrotone and picrotonol, carbon atoms C,,, C13, and C,, in (I) would appear 
to carry oxygen atoms. In this connexion it must be noted that the position of the double 
bond now established definitely excludes the possibility that the lactone system, appearing 
as the ««-dimethylphthalide group in picrotone, picrotonol, and picrotic acid, can exist in 
picrotoxinin or picrotoxic acid and it would seem, therefore, that in all probability the 
phthalide group in these derivatives arises by hydration of the tsopropylene residue with 
subsequent lactonisation. 


Me is Me CH, CH, Me CH, 
H H a \co \CH, 
a AR, CH,-CO,H 
MeO ‘CH, cH, CO 


t “G 
MeHC——O 
(XVI.) (XVII) (XVIII) (XIX.) 


Because of the conversion of picrotoxinin into picrotic acid and picrotoxinindicarboxylic 
acid it has generally been assumed that picrotoxinin contains two lactone groups, but the 
formation of the dicyclic ketone C,,H,,0, raises the question as to whether one of the 
carboxyl groups of these compounds is originally present in picrotoxinin as a latent carbonyl 
group in the 6-position to a lactone group. Of significance ig this connexion are the strong 
reducing properties exhibited by picrotoxinin and picrotoxic acid, which, however, are 
absent in picrotoxinindicarboxylic acid and are therefore, presumably, not due to the 
potential carbonyl group which appears in picrotone and picrotonol (Part II, loc. cit.). On 
this hypothesis the reducing properties may be attributed to the presence of a 
*CO-C(OH)—CO—O: group, the hydroxyl of which becomes the primary alcoholic group 
in picrotonol. 


Xtan = OX eae + YE + OE 


CO,H P H 
(XX.) (XXI.) (XXII. 5 (XXIIL) 
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Alternatively, on the dilactone hypothesis the production of a naphthalene derivative 
must arise from picrotoxinone either bya Dieckmann type of cyclisation froman intermediate 
dibasic acid, #.e., conversion of type (XXI) into (XX) and subsequent decarboxylation 
of the latter to form (XXIII), or by extrusion of a carboxyl group and the cyclisation of the 
resulting acid type (XXII) to give (XXIII). Though not strictly comparable, the relatively 
mild conditions required to convert $-phenylpropionic acid-2-acetic acid into 6-tetralone 
(Hiickel, Annalen, 1925, 441, 1) may be quoted in support of the former mechanism, and 
for the latter the tendency for y-phenylbutyric acids to form «-tetralones (Krollpfeiffer and 
Schafer, Ber., 1923, 56, 620). 

norPicrotic acid, C,,H,,0,, is a saturated, non-reducing, monobasic acid, devoid of 
hydroxyl or carbonyl groups and on esterification under the usual conditions yields a 
monoethyl ester, which is insoluble in aqueous sodium hydroxide and on hydrolysis re- 
generates the original acid; excess of diazomethane gives the methyl ester, which has the 
same properties. By analogy with picrotic acid, which is formed under analogous con- 
ditions, it seems reasonably certain that the two remaining oxygen atoms of norpicrotic 
acid are present in a lactone system which, in view of the presence of the ethyl group in (V) 
and the partial structure (IV) for picrotoxinone, is considered to be present as an a-methyl- 
phthalide group and hence orpicrotic acid may be represented by the expression (XIX, 
R =H). Unlike picrotic acid and in agreement with this formula, norpicrotic acid is 
unaffected by being heated with potassium hydroxide at 300°, a result in accordance with 
the observation that only aa-disubstituted phthalides or «-mono-substituted phthalides 
where the substituent is a higher alkyl radical undergo complete hydrolytic fission under 
these conditions (Gucci, Atti R. Accad. Lincei, 1898, 7, i, 215; 10, i, 470; Gazzetta, 1898, 28, i, 
297). In the course of unsuccessful attempts to effect reductive fission of the phthalide 
system the compound was also recovered unchanged after having been boiled with hydriodic 
acid and yellow phosphorus. 

The acid C,,H,,0,;, which we have termed hydroxynorpicrotic acid, is a saturated 
compound which does not react with carbonyl reagents. On titration it behaved approxim- 
ately as a dibasic acid (phenolphthalein as an indicator) but on esterification by the standard 
methods gave only a monoethyl ester, soluble in aqueous sodium hydroxide but insoluble 
in aqueous sodium bicarbonate. Treatment of the acid with an excess of diazomethane 
gave rise to a dimethyl derivative and on hydrolysis this compound yielded methoxynor- 
picrotic acid, which behaved on titration as a monobasic acid and was not affected by 
prolonged boiling with concentrated aqueous sodium hydroxide or with hydrazine hydrate. 
It appeared reasonably certain, therefore, that the acid C,,H,,0,; was a phenolic acid, in 
which the hydroxyl group was highly acidic, and this conclusion was clearly established by 
the fact that in alkaline solution the compound reacted with «-naphthalenediazonium 
chloride, forming an intense red dye. Like norpicrotic acid, on being heated with potassium 
hydroxide at 300°, hydroxynorpicrotic acid does not appear to undergo hydrolytic fission. 
By analogy with the former acid it seems probable that hydroxynorpicrotic acid contains 
an a-methylphthalide group and therefore may be represented by the expression (XIX, 
R = OH) in which the position of the hydroxyl group follows from the structure of the 
naphthol (V) and the a acidity of the phenolic group is due to the lactone carbonyl 


in the p-position. 
EXPERIMENTAL. 


Reduction of Picrotoxinone with Hydriodic Acid and Phosphorus.—On being gently warmed, 
«-picrotoxinone (Part II, Joc. cit.), m. p. 189° (10 g., prepared by ozonolysis of picrotoxinin in 
ethyl acetate), red phosphorus (4 g.), and hydriodic acid (26 c.c., d 1-7) reacted vigorously with 
much frothing. After this initial reaction had subsided, the mixture was refluxed for 6 hours, 
cooled, and poured into water (650 c.c.). Next day the supernatant liquid was decanted from 
the brown viscous residue, saturated with salt, and extracted with ether (10 x 200c.c.). The 
combined ethereal extracts were concentrated, and the red-brown residual solution (200 c.c.) 
decolorised by successive treatment with small amounts of sulphurous acid, washed with water, 
and then repeatedly extracted with aqueous sodium carbonate, again washed, and dried; this 
constitutes extract (A). The combined sodium carbonate extracts were treated with charcoal, 
filtered, and acidified, yielding hydroxynorpicrotic acid, C,,H,,0,, which gradually separated in 
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the course of about a week. After the isolation of this acid the residual aqueous liquors were 
extracted with ether; this constitutes extract (B). 

The viscous brown residue was digested with successive portions of ether (5 x 120 c.c.) 
and the combined brown ethereal extracts were filtered to remove phosphorus, decolorised with 
sulphurous acid, repeatedly extracted with aqueous sodium carbonate (20 x 25 c.c.), washed 
with water, and dried; this constitutes extract (C). The combined aqueous sodium carbonate 
washings were treated with charcoal, filtered, acidified with hydrochloric acid, and extracted 
with ether (5 x 200 c.c.). The latter extracts were combined with extract (B), dried, and 
evaporated, leaving a semi-solid viscous residue, which was esterified with excess of boiling 
alcohol, containing 8% of concentrated sulphuric acid, during 16 hours. The product was 
separated from a small amount of unchanged acidic material by means of aqueous sodium carbon- 
ate and then on distillation in a vacuum gave an oil, b. p. 120—170°/0-1 mm., and a residual 
solid. By repeated distillation of this oil pure ethyl norpicrotate was ultimately isolated. From 
the residue left on separation of the crude ethyl norpicrotate a mixture of hydroxynorpicrotic 
acid and its ethyl ester was isolated by extraction with dilute aqueous sodium hydroxide and 
then separated by means of aqueous sodium bicarbonate; the formation of hydroxynorpicrotic 
acid at this stage was due apparently to partial hydrolysis of the residual ester fraction in the 
course of the separation of the ester from a small amount of alkali-insoluble material, which 
was not further examined. 

The ethereal extracts (A) and (C) were combined and evaporated and the resulting semi-solid 
brown product, which contained phenolic material, wasseparated by means of 2% aqueous sodium 
hydroxide into a phenolic fraction consisting of the crude ketone C,,;H,,O, and a neutral fraction 
which appeared to be a complex mixture and of which part distilled in a high vacuum, leaving 
an amorphous residue; a fraction, b. p. 100—150°/0-1 mm., was obtained as a mobile, dark 
brown oil which did not react with carbonyl] reagents and formed a picrate; the second fraction, 
b. p. 150—185°/0-1 mm., which was too small to permit a complete examination, solidified 
and on recrystallisation from light petroleum (b. p. 80—100°) had m. p. 90—95°. This product, 
which was also unreactive towards the aforementioned reagents, appeared to be a complex 
mixture. 10 G. of picrotoxinone gave 0-4—0-45 g. of the ketone, 1 g. of morpicrotic acid, 
and 0-9 g. of hydroxynorpicrotic acid. 

When picrotoxinone was replaced by picrotoxinonic acid, the same results were obtained. 

The ketone C,,H,,O, separated from carbon tetrachloride in tiny colourless needles, m. p. 
189°, tenaciously retaining solvent of crystallisation, which was removed when the substance 
was sublimed in a high vacuum at 120° (Found: C, 76-5; H, 7-8. C,,;H,,O, requires C, 76-5; 
H, 7:°8%). This compound, which was readily soluble in dilute aqueous sodium hydroxide, 
alcohol, or benzene and did not give a ferric reaction or reduce Fehling’s solution on boiling, 
reduced Tollens’ reagent on being warmed and readily formed a 2: 4-dinitrophenylhydrazone, 
which separated from ethyl acetate in red needles, m. p. 268° (Found: C, 59-4; H, 5-2; N, 
14-6. C,.H,,O,;N, requires C, 59-4; H, 5-2; N, 146%). Interaction of the ketone with excess 
of aqueous alcoholic semicarbazide acetate in the usual manner in the course of 5 days gave the 
semicarbazone, which, after repeated crystallisation from chloroform and then from dilute alcohol, 
formed clusters of stout rectangular prisms, m. p. 201° (Found: C, 64:5; H, 7-2; N, 15-8. 
C,,H,,0,N, requires C, 64-4; H, 7-3; N, 16-1%). 

A mixture of the ketone (1 g.), amalgamated zinc (6 g.), alcohol (5 c.c.), and 15% hydro- 
chloric acid (15 c.c.) was refluxed for 6 hours; three portions (each 2 c.c.) of concentrated hydro- 
chloric acid were added at intervals of 1} hours. On isolation with ether the resulting 
2-hydroxy-1-methyl-4-ethyl-5 : 6 : 7 : 8-tetrahydronaphthalene (V) was purified by distillation in a 
high vacuum and then by crystallisation from light petroleum (b. p. 40—60°), being finally 
obtained in colourless, elongated prisms, m. p. 66-5°, identical with a synthetical specimen 
(Found: C, 82-1; H, 9-6. C,;H,,0 requires C, 82-1; H, 9-5%). Prepared by interaction of 
the phenol with excess of p-nitrobenzoyl chloride in pyridine at 60° in the course of 100 hours, 
the p-nitrobenzoate was separated from a little p-nitrobenzoic acid by means of aqueous sodium 
bicarbonate, and then repeatedly crystallised from alcohol, forming colourless irregular prisms, 
m. p. 85°, undepressed by admixture with a specimen prepared from the synthetic phenol 
(Found: N, 4:3. C, 9H,,O,N requires N, 4-1%). 

norPicrotic acid (XIX, R = H) was isolated as the ethyl ester, which on repeated distillation 
in a vacuum was obtained as a colourless oil, b. p. 165°/0-01 mm., insoluble in aqueous sodium 
hydroxide [Found : C, 69-4; H, 7-7; OEt, 17-3. C,,H,,0O,(OEt) requires C, 69-5; H, 7-3; 
OEt, 16-3%]. Hydrolysis of this ester (16-5 g.) with a boiling mixture of 8% aqueous sodium 
hydroxide (90 c.c.) and alcohol (45 c.c.) for 10 hours gave rise to the acid (13 g.), which was 
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isolated from the acidified hydrolysate with ether and purified by crystallisation from warm 
water and then dilute alcohol, forming elongated prisms, m. p. 113° (Found for a specimen 
dried in a high vacuum at 80°: C, 67-8; H, 6-5. C,,H,,O, requires C, 67:7; H, 65%). Treat- 
ment of this acid, which behaved as a saturated compound towards hydrogen in the presence 
of an active catalyst, with excess of ethereal diazomethane gave rise to a quantitative yield of 
the methyl ester, which, after having been distilled in a high vacuum, separated from light 
petroleum (b. p. 60—80°) in elongated prisms, m. p. 61° [Found : OMe, 12-3. C,,H,,0,(OMe) 
requires OMe, 11-9%], and on hydrolysis wih alkali regenerated the original acid, m. p. and mixed 
m. p. 113°. 

Hydroxynorpicrotic acid (XIX, R = OH) was purified by repeated crystallisation from 
acetone—benzene and then from dilute alcohol, forming glistening plates, m. p. 213°, having 
a negative ferric reaction and being readily soluble in acetone or alcohol and sparingly soluble 
in benzene (Found for a specimen dried in a high vacuum at 100°: C, 63-5; H, 6-2. C,,H,,0, 
requires C, 63-6; H, 6-1%). On being titrated with standard aqueous sodium hydroxide, a 
solution of this compound in aqueous alcohol behaved as a dibasic acid. Esterified by the 
alcohol—sulphuric acid method, it gave the ethyl ester, which separated from benzene in tiny 
prisms, m. p. 125°, insoluble in aqueous sodium bicarbonate and re-forming the original acid on 
hydrolysis with alkali [Found for a specimen dried in a high vacuum at 60°: C, 65-9; H, 6-8; 
OEt, 15-7. C,,H,,0,(OEt) requires C, 65-8; H, 6-9; OEt, 15-4%]. 

On treatment with an excess of ethereal diazomethane this acid (2 g.) gave rise to methyl 
methoxynorpicrotate (2 g.), which, after distillation in a high vacuum, crystallised from light 
petroleum in irregular plates, m. p. 93°, insoluble in aqueous sodium hydroxide [Found : OMe, 
20°8. C,,H,,0,(O0Me), requires OMe, 21-2%]. Hydrolysis of this ester (1-2 g.) with boiling 
12% aqueous-methyl-alcoholic sodium hydroxide (25 c.c.) for 6 hours and subsequent acidific- 
ation of the mixture gave methoxynorpicrotic acid (XIX, R = OMe), which separated from dilute 
alcohol in slender rods, m. p. 177°, and behaved as a monobasic acid on titration [Found: C, 
65-0; H, 65; OMe, 11-4. C,,H,,0,(OMe) requires C, 64-8; H, 6-5; OMe, 11-2%]. On being 
boiled with excess of hydrazine hydrate for 10 hours, this compound was recovered unchanged 
quantitatively, m. p. and mixed m. p. 177°, after having been once crystallised from aqueous 
alcohol. 

B-3-Methyl-6-ethylanisoylpropionic Acid (VIII).—A solution of 5-methyl-2-ethylanisole 
[9-5 g., prepared by methylation of 5-methyl-2-ethylphenol (von Auwers, Annalen, 1926, 
447, 178) with methyl sulphate and aqueous sodium hydroxide] and succinic anhydride (5-6 g.) 
in nitrobenzene (75 c.c.) was treated below 0° with powdered aluminium chloride (10-9 g., 
added in small portions), kept at room temperature for 70 hours, and poured on crushed ice 
(300 g.) and concentrated hydrochloric acid (15 c.c.). The mixture was extracted with ether 
(8 x 180c.c.), the greater part of the ether evaporated, the residual solution (300 c.c.) repeatedly 
extracted with aqueous sodium bicarbonate (12 x 50 c.c.) and the combined extracts treated 
with charcoal, filtered, and acidified with hydrochloric acid. Recrystallised from light petroleum 
(b. p. 80—100°), the resulting acid (15 g.) formed colourless needles, m. p. 107°, readily soluble 
in alcohol or benzene [Found : C, 67-4; H, 7-3; OMe, 12-1. C,3;H,,0;(OMe) requires C, 67-2; 
H, 7-2; OMe, 12-4%]. The semicarbazone separated from dilute methyl alcohol in slender 
prisms, m. p. 186° (Found: N, 13-7. C,;H,,0O,N; requires N, 13-9%). 

y-3-Methyl-6-ethylanisyloutyric Acid (IX).—A mixture of the foregoing keto-acid (13 g.) was 
boiled with 15% hydrochloric acid (250 c.c.), containing amalgamated zinc (80 g.), for 10 hours; 
concentrated hydrochloric acid (120 c.c.) was added in six portions at intervals of 1} hours. 
On cooling, the hot filtered solution deposited the acid as a crystalline crust, which on recrystal- 
lisation from light petroleum (b. p. 60—80°) formed colourless plates (10 g.), m. p. 71-5°, readily 
soluble in alcohol or benzene [Found: C, 71-2; H, 8-6; OMe, 13-1. C,,H,,;0,(OMe) requires 
C, 71-2; H, 85; OMe, 13-1%]}. 

2-Hydroxy-4-methyl-1-ethyl-5 : 6 : 7 : 8-tetrahydronaphthalene (VI).—A mixture of the afore- 
mentioned y-anisylbutyric acid (3 g.) and sulphuric acid (20 c.c., d 1:86) was kept at 80° for $ 
hour, cooled, and poured into ice-water. The well-washed precipitate was triturated with 
aqueous sodium bicarbonate, washed, and crystallised from dilute methyl alcohol, giving 
2-methoxy-4-methyl-1-ethyl-«-teiralone (X) in elongated prisms (2-6 g.), m. p. 75-5—76° [Found : 
OMe, 14-0. C,;H,,0(OMe) requires OMe, 14:2%]. The semicarbazone separated from dilute 
alcohol in irregular prisms, m. p. 160° (Found: N, 15-3. C,;H,,O;N; requires N, 15-3%). 

Reduction of this tetralone (5 g.) with amalgamated zinc (60 g.) and 15% hydrochloric acid 
(160 c.c.) during 8 hours with the addition of concentrated hydrochloric acid (75 c.c. in five por- 
tions) during the reaction gave rise to the tetrahydronaphthalene methyl ether (XI), which was 
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obtained as a colourless oil, b. p. 128°/0-1 mm. A mixture of this material (2 g.), hydriodic acid 
(20 c.c.; d@ 1-7), and acetic anhydride (12-5 c.c.) was boiled (oil-bath at 138—140°) for 1 hour, 
cooled, and poured into 1% aqueous sodium bisulphite (150 c.c.). The product (1-7 g.), which 
separated, was recrystallised from light petroleum (b. p. 40—60°), giving the tetrahydronaphthol 
(VI) in elongated prisms, m. p. 67° (Found: C, 82-3; H, 9-3. C,,;H,,O requires C, 82-1; 
H, 9°5%). 

B-2-Methyl-5-ethylanisoylpropionic Acid (XIII).—Methylation of 2-hydroxy-4-acetyltoluene 
(Morgan and Pettet, J., 1934, 420) (25 g.) with excess of methyl sulphate and 12-5% aqueous 
sodium hydroxide gave 2-methoxy-4-acetyltoluene (XII, R = Ac) as a mobile oil (21 g.), 
b. p. 132—133°/13 mm., which solidified on being kept for a long period and gave a semicarbazone, 
forming diamond-shaped plates, m. p. 205°, from alcohol (Found: N, 19-3. C,,H,,0,N, re- 
quires N, 19-0%). Reduction of this ketone (9-2 g.) with amalgamated zinc (40 g.) and 15% 
hydrochloric acid (100 c.c.) with the addition of four portions of concentrated hydrochloric 
acid at intervals of 14 hours gave 2-methoxy-4-ethyltoluene (XII, R = Et) as a mobile oil 
(7 g.), b. p. 91—93°/14 mm. 

To a solution of 2-methoxy-4-ethyltoluene (12 g.) and succinic anhydride (7-1. g.) in nitro- 
benzene (90 c.c.), which had been kept for 14 hours and then cooled to below 0°, powdered 
aluminium chloride (13-7 g.) was added in five portions in the course of 1 hour, and 80 hours 
later the reaction mixture was poured on ice (400 g.) and concentrated hydrochloric acid (15 
c.c.). The product was isolated by extraction with ether (6 x 250 c.c.), the ethereal solution 
concentrated, the residual liquid (300 c.c.) extracted with aqueous sodium bicarbonate (12 x 50 
c.c.), and the combined extracts treated with charcoal, filtered, and acidified with hydrochloric 
acid, giving a precipitate of 8-2-methyl-5-ethylanisoylpropionic acid (XIII), which formed slender 
needles (16 g.), m. p. 129°, from dilute methyl alcohol [Found: C, 67-1; H, 7-4; OMe, 12-2. 
C,;H,;0,(OMe) requires C, 67-2; H, 7-2; OMe, 12-4%]. The semicarbazone of this keto-acid 
separated from ethyl acetate in elongated prisms, m. p. 183° (Found: N, 13-8. C,,;H,,0O,N; 
requires N, 13-7%). 

y-2-Methyl-5-ethylanisylbutyric acid (13-5 g.) was prepared by reduction of the aforementioned 
keto-acid (14-5 g.) with amalgamated zinc (40 g.) and 15% hydrochloric acid (100 c.c.) during 
7 hours with the addition of four portions of concentrated hydrochloric acid (10 c.c.) at intervals 
of 1} hours and, on isolation, separated from light petroleum (b. p. 40-—60°) in irregular prisms, 
m. p. 63°, soluble in alcohol or benzene and sparingly soluble in cold water [Found: C, 71-5; 
H, 8-5; OMe, 12-9. C,,;H,,0,(OMe) requires C, 71-2; H, 8-5; OMe, 13-1%]. 

2-Methoxy-1-methyl-4-ethyl-a-tetralone (XIV).—Cyclisation of the foregoing acid (3 g.) with 
concentrated sulphuric acid at 65—70° for 15 minutes and addition of the cooled reaction 
mixture to ice-water (150 c.c.) gave a precipitate of the tetralone. The well-washed product 
(2-4 g.) was triturated with aqueous sodium bicarbonate for 24 hours, washed, and crystallised 
from dilute methyl alcohol, forming rectangular prisms, m. p. 64° after sintering at 60° [Found : 
C, 76-7; H, 8-4; OMe, 14-1. C,;H,,O(OMe) requires C, 77-1; H, 8-3; OMe, 14-2%]. The 
semicarbazone separated from alcohol in long rectangular prisms, m. p. 208° (Found: N, 15-5. 
C,,;H,,0O,N, requires N, 15°3%). 

2-Hydroxy-1-methyl-4-ethyl-5 : 6:7: 8-tetrahydronaphthalene. —Reduction of the tetralone 
(XIV) (4:8 g.) with amalgamated zinc (20 g.) and 15% hydrochloric acid (60 c.c.) during 8 
hours with the further addition of concentrated acid (60 c.c.) gave the methyl ether (XV) of 
the tetrahydro-8-naphthol, which was treated with 2% aqueous sodium hydroxide to remove 
traces of alkali-soluble impurities and then purified by distillation in a vacuum, being obtained 
as a colourless oil (3-2 g.), b. p. 112—116°/0-1 mm. [Found: C, 82-0; H, 9-6; OMe, 15-0. 
C,3;H,,(OMe) requires C, 82-4; H, 9-8; OMe, 15-2%]. 

Demethylation of this ether (1-2 g.) was effected with boiling hydriodic acid (14 c.c.) and 
acetic anhydride (9 c.c.) during 40 minutes, and the resulting tetrahydronaphthol (V) precipit- 
ated by pouring the cooled reaction mixture into 1% aqueous bisulphite solution (150 c.c.). 
Recrystallised from a small volume of light petroleum (b. p. 40—60°), this compound formed 
slender prisms, m. p. 66-5°, identical in every way with a natural specimen (Found: C, 82-1; 
H, 96%). The p-nitrobenzoate separated from alcohol in irregular prisms, m. p. 85° (Found : 
N, 4:2%). 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant in aid of 
this investigation. 


UNIVERSITY OF LIVERPOOL. [Received, March 23rd, 1939.] 
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200. Benzanthrones. Part II. The Synthesis of 3’-Alkylmesobenz- 
anthrones. Further Observations on the Mechanism of Bally's Reaction. 


By Fawzi GHALI BADDAR and FRANK LouIsS WARREN. 


Phenyl 7-alkyl-1-naphthyl ketones cannot be converted into 3’-alkylmesobenzan- 
thrones by fusion with aluminium chloride. Ring closure of the acid chloride of 
0-2'-methyl-1'-naphthylbenzoic acid by the Friedel-Crafts reaction gives 3’-methylmeso- 
benzanthrone, which is identical with the condensation product of anthrone and 
crotonaldehyde. This establishes that a$-unsaturated aldehydes as well as ketones 
condense with anthrone according to Meerwein’s mechanism. 

Benzylideneacetone, in which the double bond is conjugated with the phenyl 
group, condenses similarly and cinnamaldehyde is exceptional. 

The reaction between anthrone and «-ethylglycerol in sulphuric acid to give 1’-ethyl- 
mesobenzanthrone is discussed. 


SINCE Meerwein (J. pr. Chem., 1918, 97, 284) showed that anthrone added to the double 
bond of benzylidenemalonic ester in the presence of bases to give §-anthronyl-8-phenyl- 
ethylmalonic ester, numerous other examples of different modes of condensation have been 
recorded. Of particular interest is the isolation of an intermediate addition compound 
when phenyl vinyl ketone is condensed with anthrone in the presence of sulphuric acid 
(Allen and Overbauch, J. Amer. Chem. Soc., 1935, 57, 1322), which is the medium in which 
Bally effected his synthesis of mesobenzanthrone. It is worthy of note, however, that 
Meerwein was unable to isolate any such addition compound between anthrone and «$- 
unsaturated aldehydes; but the structural similarity between anthrone and deoxybenzoin, 
which condensed with acraldehyde to give 8-desylpropaldehyde (Meerwein, 7did., p. 261), 
led him to conclude that aldehydes condense ina similar way. The intermediate compound 
from crotonaldehyde and anthrone (O. Y. Imray, Farb. vorm. Meister, Lucius und Briining, 
E.P. 244,120) is amorphous and not characterised, and the fusion with aluminium chloride 
to give methylmesobenzanthrone, m. p. 168°, does not elucidate its structure, since we 
have shown that this is the 2’-methyl derivative. 

Cinnamaldehyde, however, condenses with anthrone to give an intermediate product 
which was cyclised to 1’-phenylmesobenzanthrone (I.G. Farbenindustrie Akt.-ges., E.?. 
297,129; Centr., 1929, 100, I, 447; Berliner, Stein, and Trautner, U.S.P. 1,713,571; Cenir., 
1929, 100, II, 1073), and Allen and Overbauch (loc. cit.) “‘ suggest that in aldehydes the - 
process involves 1 : 2-addition to the carbonyl group whereas with ketones 1 : 4-addition 
occurs.” 

3’-Methylmesobenzanthrone (II), m. p. 115°, which we have obtained by ring closure 
of 0-2’-methyl-1'-naphthylbenzoic acid (I), is identical with the condensation product of 
crotonaldehyde and anthrone in the presence of sulphuric acid (Imray, Joc. cit.). This 
necessitates that the latter condensation occurs by addition to the double bond as 
postulated by Meerwein (loc. cit.). ; 


CH 


VA 
cH cH, CHO 
CH, 


0, O O 
(I.) (II.) (III.) 

The different mode of addition of cinnamaldehyde led us to investigate the condensation 
of benzylideneacetone, in which the phenyl group is similarly conjugated with the double 
bond, a state known to deactivate the ethylenic linkage. An addition compound was 
readily formed, but this was split into its components with 80% sulphuric acid, which was 
used by Allen and Overbauch to cyclise methyl $-anthronylethyl ketone, although ring 
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closure was effected by using equal volumes of 80% sulphuric acid and acetic acid. The 
addition, which is undoubtedly reversible, is somewhat impeded by the proximity of the 
phenyl group, although the mechanism is the same. 

We have reinvestigated the condensation of «-ethylglycerol and anthrone in the presence 
of sulphuric acid under various conditions and have been unable to isolate any 3’-ethyl- 
mesobenzanthrone, which would be expected if.the glycerol were dehydrated completely 
to B-ethylacraldehyde prior to condensation. This cannot be due to the destruction of 
this second isomer, for under the conditions of the experiment 3’-methylmesobenzanthrone 
was stable (see below). It does not seem that the isolation of 1’-ethylmesobenzanthrone 
is due to the formation of methyl vinyl ketone, for, apart from the evidence already put 
forward (Part I, J., 1938, 401), the dehydration of «-alkylglycols gives aldehydes and 
not ketones (Bahl and Sommelet, Compt. rend., 1904, 138, 89). It is worthy of note that 
the yield of benzanthrone is always greater when a glycerol is used in place of an aldehyde, 
and a higher concentration of sulphuric acid (80%) is used with advantage. Such high 
concentrations do not readily effect the formation of benzanthrones with unsaturated 
aldehydes and ketones (see above), which are best condensed with 30—40% sulphuric acid. 

The enhanced activity of the aldehyde generated im situ and the different mode of 
condensation find a ready explanation in the dehydration of «-ethylglycerol (IV) to «y- 
dihydroxy-A*-pentene (V), which then rearranges to 6-hydroxyvaleraldehyde (Delaby, 
Compt. rend., 1923, 177, 690). When the hydrogen migrates from the oxygen in the latter 
prototropic change, the remaining ion assumes an active form, which may be represented 
in the mesotropic state (VI). This then adds anthrone to give (VII), which would cyclise 
and undergo dehydrogenation to 1’-ethylmesobenzanthrone. 

CH, 


CHEt-OH CHEt-OH CHEt-OH CH-OH CH(OH)Et 
(H-OH —-> CH —>- (CH an 1 ¥ H® annem CH 
CH,°OH CH-OH CH—O J 


(IV.) (V.) (VI.) 


\ 
CO (VIL) 


This explanation is equally applicable to all hydroxymethylene compounds which have 
been assumed simply to add anthrone to the double bond (U.S.P. 1,705,868). In fact 
the latter mechanism cannot be tenable for the formation of 1’-hydroxy-2’-phenylmeso- 
benzanthrone from ethyl hydroxymethylenephenylacetate, which Wislicenus (Ber., 1896, 
29, 742) has shown to revert to the keto-form in the presence of sulphuric acid, in which 
medium the condensation is effected. The explanation would furthermore account for 
the more ready formation of benzanthrones from hydroxymethylene compounds than 
from af-unsaturated aldehydes and ketones, and the remarkable colour changes which 
accompany such condensations may not be insignificant. 

This condensation before complete dehydration would not cause the formation of 
4-ethylquinoline from «-ethylglycerol, for according to Miller (Ber., 1891, 24, 1720; 1892, 
25, 2020, 2072) a Schiff’s base is formed primarily, then another molecule of aromatic amine 
adds to the double bond, and ring closure is effected by fission of the amine involved in the 
primary condensation. The aldol condensation products, e.g., benzylideneanthrone 
(Haller and Padova, Compt. rend., 1905, 141, 857) and methyleneanthrone (Mayer, Annalen, 
1920, 420, 135), unlike the addition products to the double bond (see above and Meerwein, 
loc. cit.), do not readily revert to the original constituents. 

«8-Unsaturated aldehydes and ketones condense with anthrone according to Meerwein’s 
mechanism, whereas cinnamaldehyde and aldehydes generated im situ from the correspond- 
ing glycerols react as postulated by Bally and Scholl. 

Attempted Synthesis of 3'-Alkylmesobenzanthrones.—An alkylbenzene was ‘condensed 
with succinic anhydride in the presence of aluminium chloride to give a $-p-alkylbenzoyl- 
propionic acid. By using a mixture of nitrobenzene and tetrachloroethane in this reaction 
(compare Fieser and Seligman, J. Amer. Chem. Soc., 1937, 59, 883), we obtained a purer 
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substance in a greater yield than by the method of Krollpfeiffer and Schafer (Ber., 1923, 
56, 620). This was reduced by Martin’s modification (J. Amer. Chem. Soc., 1936, 58, 
1438) of Clemmensen’s method (Ber., 1913, 46, 1837), and the ethyl ester condensed with 
ethyl oxalate in the presence of potassium ethoxide (Auwers and Moller, J. pr. Chem., 1925, 
109, 124; Fieser and Hershberg, J. Amer. Chem. Soc., 1935, 57, 1851; Fieser and Holmes, 
ibid., 1936, 58, 2319) to give an ethyl «-oxalyl-p-alkylphenylbutyrate. This was hydro- 
lysed and cyclised to a 7-alkyl-3 : 4-dihydro-1l-naphthoic acid, which was dehydrogenated 
to a 7-alkyl-l-naphthoic acid. The Friedel-Crafts reaction with the acid chloride and 
benzene gave the phenyl 7-alkyl-l-naphthyl ketone, which was characterised as its 2 : 4- 
dinitrophenylhydrazone. 

Attempts to cyclise the ketone by Scholl’s condensation with aluminium chloride failed 
to give any 3’-alkylmesobenzanthrone. The product with dinitrophenylhydrazine gave a 
precipitate which was undoubtedly a mixture and could not be purified. The precipita- 
tion, however, was more rapid than with the original ketone, a fact indicative of a 
8-benzoylnaphthalene (Cahn, Jones,and Simonsen, J., 1933, 444) ; andit seems probable that 
the benzoyl group had migrated under the influence of aluminium chloride to give a 
mixture of 2- and 3-benzoyl-7-alkylnaphthalene, a migration comparable with that 
observed by Fieser and Peters (J. Amer. Chem. Soc., 1932, 54, 3742). 

Synthesis of 3'-Methylmesobenzanthrone.—2-Methyl-l-naphthylamine was converted 
into 1-iodo-2-methylnaphthalene, which was condensed with methyl o-iodobenzoate by the 
Ullmann reaction, and the product hydrolysed to give 0-2’-methyl-1'-naphthylbenzoic acid. 
Ring closure of the acid chloride of this acid by the Friedel-Crafts reaction gave 3’-methyl- 
mesobenzanthrone. Attempts to cyclise the acid with sulphuric acid gave only sulphon- 
ation products: these must be formed prior to or during ring closure, since the 3’-methyl- 
mesobenzanthrone itself was stable to sulphuric acid at 100°. This method was not 
attempted originally on account of the close spatial similarity of 1-iodo-2-methylnaph- 
thalene with 2 : 6-dimethyliodobenzene in which the steric effects of the methyl groups 
inhibited self-condensation by the Ullmann reaction (Mayer, Ber., 1911, 44, 2298). 


EXPERIMENTAL. 


8-p-Ethylbenzoylpropionic Acid.—A mixture of ethylbenzene (55 g.; 0-5 mol.), succinic 
anhydride (50 g.; 0-5 mol.), nitrobenzene (75 c.c.), and tetrachloroethane (225 c.c.) was cooled 
to — 5°, and aluminium chloride (135 g.; 1 mol.) added slowly during 2 hours. The whole 
was maintained at 0° for 3 days with occasional stirring. The product was poured on ice and 
acidified with hydrochloric acid, and the solvent removed by steam-distillation. The semi- 
solid substance precipitated on cooling was dissolved in sodium carbonate solution and re- 
precipitated. The dried material was crystallised from benzene—petroleum (b. p. 60—70°), 
from which 8-p-ethylbenzoylpropionic acid separated in prismatic needles, m. p. 107—108°. 
Yield, 80% of the theoretical (Found: C, 69-8; H, 6-8; M, monobasic, 206-6. Calc. for 
C,,H,,0,: C, 69-9; H, 68%; M, 206-1). Muhr (Ber., 1895, 28, 3217) gives m. p. 90° and 
Krollpfeiffer and Schafer (loc. cit.) give m. p. 98—99°. 

y-p-Ethylphenylbutyric Acid.—Amalgamated zinc (100 g.; 6 mols.), water (70 c.c.), concen- 
trated hydrochloric acid (175 c.c.), toluene (200 c.c.), and §-p-ethylbenzoylpropionic acid 
(55 g.; 1 mol.) were heated together under reflux for 30 hours, concentrated hydrochloric acid 
(50 c.c.) being added every 6 hours. The toluene layer was separated, the solvent removed 
by steam-distillation, and the residue crystallised from either hexane or benzene—petroleum, 
from which y-p-ethylphenylbutyric acid separated in leaflets, m. p. 74°. Yield, 48 g. (94%) 
(Found: C, 74:7; H, 84; M, monobasic, 190-9, Calc. for C,,H,,0,: C, 75-0; H, 84%; 
M, 192-1). Krollpfeiffer and Schafer (loc. cit.) give m. p. 69—70°. The ethyl ester had b. p. 
146—147°/8 mm. (Found: C, 76-3; H, 9-3. C,,H,,O, requires C, 76-3; H, 9-2%). 

7-Ethyl-3 : 4-dihydvo-1\-naphthoic Acid.—Potassium (1-8 g.; 1 mol.) was finely powdered 
under toluene, which was then replaced with dry ether (100 c.c.), and treated with ethyl alcohol 
(3-2 g.; 1-60 mols.). When the potassium had dissolved, ethyl oxalate (10 g.; 1-5 mols.) and 
then ethyl y-p-ethylphenylbutyrate (10 g.; 1 mol.) were added, and the whole kept overnight. 
After refluxing for 6 hours, the product was poured into ice-cold dilute sulphuric acid and 
extracted with ether, and the ethereal solution dried over anhydrous sodium sulphate. 
Removal of the solvent left a light yellow oil, ethyl «-oxalyl-y-p-ethylphenylbutyrate, which 
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was not further purified. The yellow oil was refluxed directly with 20% by volume sulphuric 
acid (80 c.c.) for 24 hours with stirring, the mixture cooled and extracted with ether, the 
ethereal solution extracted with alkali, and the extract acidified. The dried precipitate was 
extracted with boiling hexane, in which the dicarboxylic acid (1 g.; see below) was insoluble. 
The solution on cooling deposited light yellow prisms, m. p. 118—120°, which on being further 
purified by distillation (b. p. about 170°/4 mm.) and recrystallisation gave 7-ethyl-3 : 4-di- 
hydro-1-naphthoic acid in colourless crystals, m. p. 120° (Found : C, 77:3; H, 7:3; M, monobasic, 
202-5. C,3H,,O, requires C, 77-2; H, 70%; M, 202-1). Yield, 2-5 g., ie., 27% of the 
theoretical calculated on the ethylphenylbutyrate, 

Attempts to obtain this compound by hydrolysis of the above oxalyl ester with 15% by 
volume sulphuric acid to give a-keto-8-p-ethylphenylvaleric acid and then esterification and 
ring closure with 65% sulphuric acid as recommended by Fieser and co-workers (J. Amer. 
Chem. Soc., 1936, 58, 2319; 1938, 60, 2258) resulted in the isolation of 7-ethyl-3 : 4-dihydronaph- 
thalene-1 : 2-dicarboxylic acid, which separated in tiny crystals, m. p. 165°, from benzene— 
alcohol (Found: C, 68-6; H, 5-9; M, dibasic, 246. C,,H,,O, requires C, 68:3; H, 5°7%; 
M, 246), and the corresponding anhydride, which crystallised from hexane in tiny yellow prisms, 
m. p. 117—-118° (Found: C, 73-4; H, 5-3. C,H,,O, requires C, 73:7; H, 53%). This acid 
anhydride was obtained by direct ring closure of ethyl «-oxalyl-y-p-ethylphenylbutyrate (com- 
pare Auwers and Mller, Joc. cit.), so the formation of the «-keto-acid could not have been effected. 

Extraction of the acid product of the hydrolysis with 15% sulphuric acid from the un- 
changed ester by means of alkali resulted in the isolation of 8-(p-ethylphenyl)ethylmalonic acid, 
which crystallised from benzene in prisms, m. p. 145° (Found: C, 66-3; H, 6-8. CysH 1.0, 
requires C, 66-1; H, 6-8%). Compare Auwers and Méller (loc. cit.). 

7-Ethyl-1-naphthoic Acid—The above dihydro-acid (2 g.; 1 mol.) and sulphur (0-4 g.; 
1-2 mols.) were heated together at 200—210° until hydrogen sulphide was no longer evolved 
(about 1 hour). The product was distilled in a vacuum and recrystallised from hexane, from 
which 7-ethyl-1-naphthoic acid was obtained in thin colourless leaflets, m. p. 126° (Found: 
C, 77-9; H, 62; M, monobasic, 199-3. (C,;H,,0O, requires C, 77:8; H, 61%; M, 200-1). 
Yield, 1:5 g. (75%). 

Methyl Naphthalene-1 : 1-dicarboxylate——The above acid (0-4 g.) was oxidised by alkaline 
potassium ferricyanide by the method of Weissgerber and Kruber (Ber., 1919, 52, 352) to give 
an amorphous solid, m. p. about 280° (yield, 0-3 g.; 75%). It was esterified with methyl 
sulphate, and the product crystallised from ethyl alcohol, from which methyl naphthalene- 
1: 7-dicarboxylate separated in tiny prisms, m. p. 86° (Found: C, 68-9; H, 5-2. Calc. for 
C,,H,,0,: C, 68:8; H, 50%). Ruzicka and Melson (Helv. Chim. Acta, 1931, 14, 397) give 
m. p. 86—87°. 

7-Methyl-3 : 4-dihydro-l-naphthoic Acid.—y-p-Tolylbutyric acid (Barnett and Sanders, 
J., 1933, 434) was esterified and converted into ethyl a-oxalyl-y-p-tolylbutyrate as above. 
This was refluxed for 30 hours with 25% sulphuric acid (80 c.c.), the concentration raised to 
32% (by vol.), and the whole refluxed for a further 14 hours. 7-Methyl-3 : 4-dihydro-1-naphthoic 
acid, worked up as above, crystallised from benzene in colourless leaflets, m. p. 153—154° 
(Found : C, 76-7; H, 6-4. C,,H,,O, requires C, 76-6; H, 64%). Yield, 20% of the theoretical 
calculated on the butyric ester. 

7-Methyl-3 : 4-dihydronaphthalene-1 ; 2-carboxylic acid obtained as a by-product insoluble 
in benzene, crystallised from alcohol—benzene in small prisms, m. p. 192° (Found: C, 76-2; 
H, 5-1. C,3H,,0, requires C, 76-2; H, 5-2%). 

7-Methyl-1-naphthoic acid, obtained as above, crystallised from benzene in colourless leaflets, 
m. p. 147°. Dzieworiski and Brand (Bull. Acad. Polonaise, 1933, A, 99) give m. p. 147° (Found : 
C, 77-1; H, 5-4. Calc. for C,,H,,O,: C, 77-4; H, 5-4%). 

Phenyl 7-Alkyl-1-naphthyl Ketones——The acid chloride (4-5 g.; 1 mol.) in benzene (12 c.c.) 
and carbon disulphide (10 c.c.) was treated with aluminium chloride (2-3 mols.) and heated for 
5 hours on the water-bath. The product, worked up in the usual way, failed to crystallise after 
distillation under reduced pressure, and was identified in the form of the 2 : 4-dinitrophenyl- 
hydrazone, prepared according to the method of Cahn, Jones, and Simonsen (J., 1933, 444), which 
was obtained in two modifications (cis and ivans); the a-isomer crystallised from pyridine 
and the f-isomer was obtained by dilution of the mother-liquor and crystallisation from dilute 
pyridine : 

Phenyl 7-methyl-1-naphthyl ketone 2: 4-dinitrophenylhydrazone. «a-Isomer, red microscopic 
crystals, m. p. 256—257° (Found: N, 13-0, C,,H,,0,N, requires N, 131%). The §-isomer 
was not isolated in a pure state. 
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Phenyl 7-ethyl-l-naphthyl ketone 2: 4-dinitrophenylhydrazone. a-Isomer, red microscopic 
crystals, m. p. 223—224° (Found: C, 68-5; H, 4:4; N, 13-0. C,;H,,O,N, requires C, 68-2; 
H, 4:5; N, 12-7%). The 8-isomer, orange red crystals, m. p. 200—210° (Found: C, 68-0; 
H,°4:5; N, 12-8%), was not obtained free from the «-form. 

Phenyl \-naphthyl ketone 2: 4-dinitrophenylhydrazone. «a-Isomer, red microscopic crystals, 
m. p. 246—247° (Found: 67-1; H, 4-1; N, 13-4. C,;H,,0O,N, requires C, 67-0; H, 3-9; N, 
13-6%). 8-Isomer, orange-yellow crystals, m. p. 243—244°, mixed m. p. with «-isomer 220° 
(Found: C, 67-1; H, 4:0; N, 13-6%). 

Synthesis of 3'-Methylmesobenzanthrone.—The procedure adopted was in every respect similar 
to that described in Part I (Joc. cit.). 

2-Methylaceto-1-naphthalide crystallised from benzene in silky needles, m. p. 200° (Found : 
C, 78-4; H, 6-5; N, 7-0. Calc. for C,,H,,ON : C, 78-4; H, 6-6; N, 70%). Lesser and Glaser 
(Annalen, 1913, 402, 39) give m. p. 188°. 

1-Iodo-2-methylnaphthalene was obtained as a yellow mobile liquid, b. p. 155°/3 mm. ; yield, 
56% (Found: I, 47-2. C,,H,I requires I, 47-4%). 

Iodomethylnaphthalene (5 g.; 1 mol.), methyl o-iodobenzoate (10 g.; 2 mols.), and copper- 
bronze (6 g.; 5-0 mols.) were heated at 180—190° for 5 hours. The resulting 0-2’-methyl- 
1'-naphthylbenzoic acid crystallised from methyl alcohol in colourless cubes, m. p. 188—189° 
(Found: C, 82-3; H, 5-3. C,,H,,0O, requires C, 82-4; H, 5-4%). 

3’-Methylmesobenzanthrone, prepared in theoretical yield from the acid chloride by the 
Friedel-Crafts reaction, crystallised from methyl alcohol in fine yellow needles, m. p. 115° 
(Found: C, 88-6; H, 5-1. Calc. for C,,H,,0: C, 88-5; H, 50%). The m. p. was not 
depressed by the product obtained by condensation of crotonaldehyde and anthrone in the 
presence of sulphuric acid. Imray (E.P. 244,120) gives m. p. 113—114°. 

Methyl B-Phenyl-8-anthronylethyl Ketone.—Benzylideneacetone (5 g.; 1-1 mols.), anthrone 
(6 g.; 1 mol.), and methyl alcohol (35 c.c.) were warmed on a water-bath, and piperidine added 
drop by drop until all the anthrone had dissolved. The solution was cooled to 0° and after 
12 hours the crystalline precipitate was filtered off and recrystallised from methyl alcohol, from 
which methyl 8-phenyl-B-anthronylethyl ketone separated in colourless prisms, m. p. 116—117° 
(Found: C, 84-8; H, 6-0. C,,H,,O, requires C, 84-7; H, 5:9%). Yield, 66%. 

3’-Phenyl-1'-methylmesobenzanthrone.—The above ketone (2°5 g.), acetic acid (25 c.c.), 
80% sulphuric acid (25 c.c.), and arsenic oxide (2 g.) were heated for 2 hours on a steam-bath. 
The deep red solution was poured on ice, filtered, treated with sodium hydroxide and sodium 
hyposulphite, filtered, and washed. The dried product was extracted with hot acetic acid, 
precipitated with water, and crystallised from methyl alcohol, from which 3’-phenyl]-1’-methyl- 
mesobenzanthrone was obtained in yellow rosettes, m. p. 176°, undepressed by the product 
obtained by the condensation of anthrone with benzylideneacetone in sulphuric acid (U.S.P. 
1,705,868). 


Fuap I University, ABBASSIA, CAIRO. [Received, March 20th, 1939.] 





201. Benzanthrones. Part III. The Synthesis of 2'-Alkyl- and 2'-Aryl- 
mesobenzanthrones. The Migration from the 3’- to the 2'-Position. 


By Fawzi GHALI BADDAR and FRANK Louis WARREN. 


8-Alkyl- and §-aryl-glycerol ay-diethyl ethers are used to synthesise authentic 
specimens of 2’-alkyl- and 2’-aryl-mesobenzanthrones respectively by which certain 


migration products have been characterised. 
3’-Methyl- gives 2’-methyl-mesobenzanthrone on heating with aluminium chloride. 


THE identity of the Bz-substituted mesobenzanthrones has been much confused by numer- 
ous patents, and it became important in deciding between the rival theories of Meerwein 
and Bally and Scholl (see Part I, J., 1938, 401) to synthesise authentic specimens of 2’- 
substituted mesobenzanthrones, particularly as migration can occur from the 1’- to the 
2’-position (Berliner, Stein, and Trautner, U.S.P. 1,713,591; Cenér., 1929, 100, II, 1074). 

2’-Methylmesobenzanthrone has been synthesised by Liittringhaus and Grosskinsky 
(D.R.-P. 482,839; Centr., 1930, 101, I, 3242) by condensing a-methylacraldehyde with 
anthrone. We find that 2’-alkyl- and 2’-aryl-mesobenzanthrones are more readily obtained 
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by using the «y-diethyl ethers of ®-alkyl- and f-aryl-glycerols respectively (compare 
Warren, J., 1936, 1366) in place of the substituted aldehydes. 

Two methylmesobenzanthrones have been isolated from crotonaldehyde and anthrone 
(Imray, E.P. 244,120). Sulphuric acid as a condensing agent gave a product, m. p. 113— 
114°, which we have identified as 3’-methylmesobenzanthrone (preceding paper). The 
other, obtained by condensation by pyridine and piperidine, followed by ring closure with 
aluminium chloride, has a recorded melting point 168°. A specimen kindly supplied by 
Farbwerke vorm. Meister Lucius und Briining, Hoechst a./Main, for which the melting 
point was corrected to 164°, is identical with our 2’-methylmesobenzanthrone. In view of 
the reported migration from the 1’- to the 2’-position (Berliner, Stein, and Trautner, Joc. 
cit.) it would appear that the intermediate compound was an aldol. We have found, 
however, that under the influence of aluminium chloride the 3’-methyl group migrates to 
the 2’-position and therefore the isolation of two products does not necessitate two 


different modes of primary condensation. 


EXPERIMENTAL. 


8-Methylglycerol ay-Diethyl Ether—This was prepared from «y-dichloro-B-hydroxy-8- 
methylpropane by the method previously described (Warren, loc. cit.), and obtained in 60% 
yield as a colourless mobile liquid, b. p. 175° (Found: C, 59-0; H, 11-2. C,H,,O, requires 
C, 59-2; H, 11-2%). 

2’-Alkyl- and 2'-Aryl-mesobenzanthrones.—Anthraquinone (9 g.; 1 mol.) in sulphuric acid 
was reduced to anthrone and treated with the appropriate f-substituted glycerol ay-diethyl 
ether (2 mols.), the whole process being carried out as previously described in Part I (loc. 
cit.) for 1’-ethylmesobenzanthrone. The product after treatment with alkali was filtered and 
distilled with superheated steam at 200°; although there was a considerable loss of material, 
particularly with the aryl-substituted compound, this method of purification gave a purer 
product than the method described by Macleod and Allen (‘‘ Organic Syntheses,” 1934, 14, 5). 
The yields given below are calculated on the anthraquinone. 

2’-Methylmesobenzanthrone, obtained in 50% yield, crystallised from methyl alcohol in 
yellow needles, m. p. 165—166°, undepressed by the specimen supplied by Farbwerke vorm. 
Meister, Lucius und Briining (Found : C, 88-3; H, 4-9. Calc. for C,,H,,0: C, 88-5; H, 49%). 
Liittringhaus and Grosskinsky (loc. cit.) give m. p. 171°. 

2’-Ethylmesobenzanthrone, obtained in 25% yield, crystallised from methyl alcohol in yellow 
needles, m. p. 117° (Found: C, 88-0; H, 5-7. C,H,,O requires C, 88-3; H, 5-5%). 

2’-Phenylmesobenzanthrone, obtained in 5% yield, crystallised from glacial acetic acid in yellow 
needles, m. p. 200° (Found : C, 89-8; H,4-7. Calc. for C,,H,,0 : C, 90-2; H, 4-6%). Berliner, 
Stein, and Trautner (loc. cit.) give m. p. 199—200°. 

Formation of 2'-Methyl- from 3'-Methyl-mesobenzanthrone by Migration.—3'-Methylmeso- 
benzanthrone (1 g.) was added to a melt of aluminium chloride (8 g.) and sodium chloride (2 g.) 
and heated at 150° for 2} hours. The cooled product was decomposed with cold dilute hydro- 
chloric acid, and the solid collected, dried, and crystallised from methyl alcohol. The sub- 
stance obtained, m. p. 115—125°, was recrystallised from methyl alcohol and then from acetic 
acid; it then had m. p. 164°, not depressed by 2’-methylmesobenzanthrone. 


Fuap I University, ABBASSIA, CAIRO. [Received, March 20th, 1939.] 





202. y-Substitution in the Resorcinol Nucleus. Part IV. The 
Gattermann Reaction with Polyhydroxy-acetophenones. 


By H. A. SHAH and R. C. SHAH. 


In continuation of previous work (Part II; this vol., p. 132) the behaviour of di- and 
tri-hydroxyphenyl methyl ketones in the modified Gattermann reaction has been 
studied. The non-condensation of gallacetophenone has been explained in the light of 
the mechanism of the reaction previously advanced (loc. cit.). 


THE behaviour of the following ketones in the modified Gattermann reaction has been 
studied. 
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(1) 2: 4-Dihydroxy-5-ethylacetophenone afforded 2: 4-dihydroxy-3-formyl-5-ethyl- 
acetophenone. This gave a 2: 4-dinitrophenylhydrazone and a dioxime and its o-hydroxy- 
aldehyde structure was proved by the formation of 5-hydroxy-3 : 6-diacetyl-8-ethylcoumarin 
and 5-hydroxy-6-acetyl-8-ethylcoumarin-3-carboxylic acid by condensation with ethyl 
acetoacetate and cyanoacetic acid respectively. 

(2) 6-Methylresacetophenone gave a ketone-aldehyde which is regarded as 2: 4-di- 
hydroxy-3-formyl-6-methylacetophenone by analogy with the aldehyde obtained from 
resacetophenone (Shah and Shah, /oc. cit.) and also on the following grounds : (a) The ketone- 
aldehyde on condensation with cyanoacetic acid gave 5-hydroxy-6-acetyl-71-methylcoumarin- 
3-carboxylic acid, which showed the typical property of a 5-hydroxycoumarin, viz., non- 
fluorescence in alkaline and in sulphuric acid solution (Collie and Chrystall, J., 1907, 91, 
1804; Dey, J., 1915, 107, 1614, 1621). (6) Reduction of the ketone-aldehyde by the 
Clemmensen method gave 2 : 5-dimethyl-4-ethylresorcinol, m. p. 95—97°, not 5 : 6-dimethy]- 
4-ethylresorcinol, m. p. 145—146° (Shah and Mehta, J. Indian Chem. Soc., 1936, 18, 358), 
which should have been formed, had the ketone-aldehyde been 2 : 4-dihydroxy-5-formy]- 
6-methylacetophenone. 

(3) 2-Acetylresorcinol gave 2 : 6-dihydroxy-3-formylacetophenone. This, on condens- 
ation with cyanoacetic acid, ethyl malonate and ethyl acetoacetate, gave 7-hydroxy-8- 

acetylcoumarin-3-carboxylic acid, ethyl 7-hydroxy-8-acetylcoumarin-3-carb- 

As, O-H oxylate, and 7-hydroxy-3 : 8-diacetylcoumarin respectively, and on reduction 
x ¢ x afforded 4-methyl-2-ethylresorcinol (Robinson and Shah, J., 1934, 1684). 

(4) Phloroacetophenone afforded 2:4: 6-trihydroxy-3-formylaceto- 

a phenone. 

Gallacetophenone, 5-nitroresacetophenone and isopzonol were re- 
covered unchanged after attempted condensation. The failure in the case of gallaceto- 
phenone can be explained on the view of the mechanism given in Part II (loc. cit.): the 
carbon atom marked with an asterisk, where the condensation might be expected to take 


place, is not reactive, as it is united by a single bond to a carbon atom bearing a hydroxyl 
group. 


EXPERIMENTAL. 


The following compounds were prepared by methods already described (Part II, loc. cit.). 

2 : 4-Dihydroxy-3 - formyl -5-ethylacetophenone, obtained from 2: 4-dihydroxy-4-ethyl- 
acetophenone (10 g.), zinc cyanide (13-7 g.), aluminium chloride (15-5 g.), and hydrogen chloride, 
crystallised from alcohol (charcoal) in colourless needles (4-5 g.), m. p. 77—78° (Found: C, 
63-5; H, 5-8. C,,H,,0, requires C, 63-6; H, 5-8%). It gave a bright yellow colour with 
alkali solution and a deep red coloration with alcoholic ferric chloride. The 2: 4-dinitrophenyl- 
hydvazone crystallised from glacial acetic acid in yellow needles, m. p. 261° (decomp.) (Found : 
N, 14:4. C,,H,,0,N, requires N, 13-9%), and the dioxime from dilute alcohol in colourless 
needles, m. p. 189—190° (Found; N, 11-8. C,,H,,0,N, requires N, 11-3%). 

5-Hydroxy-3 : 6-diacetyl-8-ethylcoumarin, prepared from the preceding aldehyde (1 g.), ethyl 
acetoacetate (1 g.), and piperidine (4 drops), crystallised from alcohol in yellow needles (0-75 g.), 
m. p. 189—190° (Found : C, 65-3; H, 5-3. C,s;H,,0, requires C, 65-7; H, 5-1%). 

5-Hydroxy-6-acetyl-8-ethylcoumarin-3-carboxylic acid, obtained from cyanoacetic acid (0-5 g.) 
and the aldehyde (0-5 g.) in 20% sodium hydroxide solution (20 c.c.), crystallised from 
alcohol in pale yellow needles (0-3 g.), m. p. 208—209° (efferv.) (Found: C, 60-9; H, 4-4. 
C,4H,,0, requires C, 60-9; H, 43%). 

2 : 4-Dihydroxy-3-formyl-6-methylacetophenone, prepared from 6-methylresacetophenone (10 
g.), zinc cyanide (14 g.), aluminium chloride (16 g.), and hydrogen chloride, was purified by 
steam-distillation (3 g.); it then crystallised from light petroleum (b. p. 80—90°) in long, stout, 
colourless needles, m. p. 98—99° (Found: C, 61:8; H, 5-2. Cj, 9H,,O, requires C, 61-9; H, 
5-2%), sparingly soluble in water but easily in alcohol and benzene. It gave a bright yellow 
colour in alkaline solution and a brownish-violet colour with alcoholic ferric chloride. The 
2 : 4-dinitrophenylhydrazone crystallised from glacial acetic acid in tiny needles, m. p. 275° 
(decomp.) (Found: N, 15-1.. C,,.H,,0,N, requires N, 150%). 

5-H ydroxy-6-acetyl-7-methylcoumarin-3-carboxylic acid, prepared by condensation of the 
aldehyde with cyanoacetic acid, crystallised from dilute alcohol in pale yellow needles, m. -p. 
220—222° (efferv.) (Found: C, 59-5; H, 3-9. C,3H,,O, requires C, 59-5; H, 3-8%). 
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The aldehyde (1 g.), dissolved in hot alcohol, was gradually added to a mixture of 
zinc amalgam (prepared from 10 g. of zinc dust; Robinson and Shah, J., 1934, 1497) and dilute 
hydrochloric acid (1: 1) (30 c.c.) at 100°. The heating was continued until an ethereal extract 
of a sample did not give a coloration with alcoholic ferric chloride. The cooled liquid was 
filtered and both it and the residual amalgam were extracted with ether. The oily residue left 
after evaporation of the combined extracts crystallised from light petroleum (b. p. 80—90°) in 
pearly needles of 2: 5-dimethyl-4-ethylresorcinol, m. p. 95—97° (Found: C, 71-3; H, 8-3. 
CypH Og requires C, 72-3; H, 8-4%), which decomposed on keeping. 

2 : 6-Dihydroxy-3-formylacetophenone, prepared from 2-acetylresorcinol (10 g.), zinc cyanide 
(15-5 g.), aluminium chloride (18 g.), and hydrogen chloride, crystallised from dilute alcohol in 
colourless needles (9-5 g.), m. p. 105—106° (Found : C, 59-7; H, 4:6. C,H,O, requires C, 60-0; 
H, 4:4%). It did not give a yellow colour in alkaline solution. The anil, prepared from the 
aldehyde and aniline (1 mol.) at 100°, crystallised from dilute alcohol in yellow needles, m. p. 
185° (Found: N, 5-6. C,;H,,;0,N requires N, 5-5%). 

Ethyl 1-hydroxy-8-acetylcoumarin-3-carboxylaie, prepared from ethyl malonate (1 g.), the 
aldehyde (1 g.), and piperidine (4 drops), crystallised from dilute alcohol in woolly yellow needles 
(0-5 g.), m. p. 158—159° (Found: C, 60-8; H, 6-2. C,,H,,O, requires C, 60-9; H, 43%). It 
gave a bluish-green fluorescence with alkali. 

7-Hydroxy-8-acetylcoumarin-3-carboxylic acid, prepared by condensation of the aldehyde with 
cyanoacetic acid, crystallised from alcohol in long needles, m. p. 200—201° (efferv.) (Found : 
C, 53-8; H, 3-8. Cy,H,O,N, requires C, 54-1; H, 3-8%), sparingly soluble in alcohol and 
moderately readily soluble in glacial acetic acid. 

7-Hydroxy-3 : 8-diacetylcoumarin, prepared by condensation of the aldehyde with ethyl 
acetoacetate in presence of piperidine, crystallised from alcohol in yellow needles, m. p. 166— 
167° (Found: C, 63-1; H, 4-0. C,,H, 0, requires C, 63-4; H, 4-1%). The acetyl derivative, 
prepared by refluxing the coumarin (0-3 g.), acetic anhydride (50 c.c.), and pyridine (1 c.c.) for 
3 hours and pouring the product into water, was crystallised from dilute alcohol and then from 
benzene; it formed tiny needles, m. p. 170—177° (Found: C, 62-7; H, 4:2. C,;H,,O, requires 
C, 62-5; H, 4:2%). 

2 : 6-Dihydroxy-3-formylacetophenone was reduced by the Clemmensen method and the 
oil obtained after ether extraction was purified by sublimation in a high vaccum at 100°, 
4-methyl-2-ethylresorcinol being obtained in colourless woolly needles, m. p. 98—100° (Robinson 
and Shah, loc. cit., give m. p. 98—100°). The di-p-niirobenzoyl derivative, prepared by the 
Schotten—Baumann method, crystallised from alcohol in colourless needles, m. p. 174—175° 
(Found: N, 6-1. C,3H,,O,N, requires N, 6-2%). 

2:4: 6-Trihydroxy-3-formylacetophenone, prepared from phloroacetophenone (10 g.), zinc 
cyanide (14 g.), aluminium chloride (16 g.), and hydrogen chloride, was crystallised from dilute 
alcohol and then from xylene; it formed tiny needles with an orange tinge (6 g.), m. p. 180— 
182° (Found: C, 54-5; H, 4:2. C,H,O, requires C, 55-1; H, 4:1%), easily soluble in alcohol 
and sparingly in benzene and xylene. The 2: 4-dinitrophenylhydrazone crystallised from 
glacial acetic acid in deep red needles, m. p. 283° (decomp.) (Found: N, 14-7. C,;H,,0,N, 
requires N, 14-9%). 

All the analyses recorded are micro-analyses. 

Roya INsTITUTE OF SCIENCE, BomBay, [Received, April 12th, 1939.] 
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203. Polysaccharides. Part XXXI. Constitution of Wheat Starch 
and Horse-chestnut Starch. 


By E. L. Hirst and G. T. Youne. 


The starch molecule is considered to contain a repeating unit composed of 
a-glucopyranose residues linked through positions 1 and 4. The chain length of this 
repeating unit can be measured by estimation of the proportion of tetramethyl glucose 
obtained on hydrolysis of the methylated derivative of the starch. It is known that in 
the instances of potato, maize, waxy maize and canna starches, the chain length of the 
repeating unit is 24—30 glucose residues. The present work shows that wheat and 
horse-chestnut starches contain a repeating unit of similar chain length. , 
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THE methyl derivatives of the amylose and amylopectin fractions of potato starch gave 
on hydrolysis 4-5—5% of tetramethyl glucopyranose (Hirst, Plant, and Wilkinson, J., 
1932, 2375) and a similar proportion of tetramethyl glucose was obtained from the methyl 
derivative of the soluble potato starch examined by Baird, Haworth, and Hirst (J., 1935, 
1201). These methylated derivatives differed markedly in particle size and in the viscosity 
of their solutions, yet each of them gave on hydrolysis the same yield of end-group 
represented by tetramethyl glucose. These observations were interpreted as indicating 
the presence of a repeating unit in potato starch composed of some 24—30 glucopyranose 
residues linked together through their 1 : 4-positions. The differences in particle size, 
viscosity, and other properties were ascribed to the different states of aggregation of these 
repeating units, many such units of 24—30 glucose residues each being combined to form 
the highly viscous and difficultly soluble methylated amylopectin (Hirst, Plant, and 
Wilkinson, Joc. cit.). At that time evidence was lacking concerning the exact nature of 
the linkage between the repeating units, but in various papers (e.g., Haworth, Hirst, and 
Oliver, J.,.1934, 1917; Haworth, Monatsh., 1936, 69, 920) possible modes of aggregation, 
ranging from micellar structures to union by primary valency, were described, but at no 
time has the view been held by us that highly viscous solutions of methylated starch 
contain particles of molecular weight corresponding to 24—30 glucose residues. Recent 
work has given more detailed information concerning the nature of the linkages which 
join together the repeating units (Hirst, Chem. and Ind., 1938, 57, 1130) and the evidence 
now available indicates that these bonds are much stronger than was formerly considered 
to be the case and that they are primary valencies of the glucosidic type. 

The work mentioned above was concerned mainly with potato starch and in view of 
the great differences known to exist between starches of varied origin, it is necessary to 
enquire whether repeating units containing a terminal group are present in other starches 
also. In the case of waxy maize starch, the presence of a repeating unit similar to that in 
potato starch has been substantiated (Haworth, Hirst, and Woolgar, J., 1935, 177) and the 
same repeating unit of 24—30 glucose residues occurs in maize starch (Averill, Haworth, 
and Hirst, forthcoming publication). More recently, the existence of the same unit in the 
widely different canna starch was proved by the work of Hassid and Dore (J. Amer. Chem. 
Soc., 1937, 59, 1503). Other varieties of starch are under examination and we now present 
the results of investigations concerned with starches from the wheat grain and from the 
cotyledon of the horse-chestnut. As shown in detail in the experimental section, it has 
been found that methylated wheat starch gives 4-2% of tetramethyl glucose on hydrolysis, 
and methylated horse-chestnut starch 3-8%, corresponding respectively to repeating units 
of chain length 24 and 28. Whether or not the difference between these figures is significant 
cannot at present be stated, but it is clear that both starches fall exactly into line with all 
the others so far examined in possessing repeating units of ca, 24—30 glucopyranose residues. 

Special precautions were taken during the preparation of the methylated derivatives 
to ensure that the methylation was carried out under mild conditions leading to the isolation 
of highly viscous methyl derivatives, and in the absence of oxygen (which, however, does 
not appear to have any such effect on the course of the methylation of starch as it does in 
the case ef cellulose). One of the specimens of methylated wheat starch showed in 
m-cresol a viscosity corresponding to a molecular weight of 300,000, calculated on the basis of 
Staudinger’s equation with k,, = 1-6 x 10“. The exact value of k,, for these methyl 
derivatives is still somewhat uncertain, and the figure used is obtained from the data of 
Carter and Record (this vol., p. 670) (see Haworth, Monatsh., 1936, 69,921). It is, in any 
case, clear that the particle size is extremely large and what is of special significance is 
that another sample of lower viscosity, corresponding to about half this particle size, gave 
precisely the same value for the size of the repeating unit. The method of preparation and 
purification of both samples ensured that they were free from any small-size breakdown 
products and it follows immediately that the results cannot be explained on any hypothesis 
of random hydrolysis of linkages in a long chain of similarly united residues (contrast 
Richardson, Higginbotham, and Farrow, J. Text. Inst., 1936, 27, 7 131). The new results 
therefore confirm and emphasise the fundamental importance of the repeating units of 
24—30 glucose residues in the architecture of the starch molecule. 
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The methylated horse-chestnut starch prepared under these conditions has the highest 
viscosity of any methyl starch we have hitherto examined, the estimated molecular weight 
being approximately 700,000 on the basis of viscosity figures using k,, = 1-6 x 10“. Here 
again the repeating unit was found to have a chain length of about 28 glucose residues. These 
methylated derivatives were obtained by direct methylation of the free starch without the 
intervention of an acetyl derivative. For purposes of comparison, the acetates of both 
wheat starch and horse-chestnut starch were prepared by the action of acetic anhydride 
and pyridine on the starches. The products obtained were generally similar in their 
properties to corresponding acetates from potato starch and rice starch, but were less 
readily soluble in organic solvents and showed high viscosity in solution. The fully acetyl- 
ated derivatives could not be obtained by the use of pyridine and acetic anhydride under 
conditions which readily yield the fully acetylated derivative of rice starch. 


EXPERIMENTAL. 


The sample of wheat starch used in this work had the following properties: (a) blue color- 
ation with iodine; (b) [«]}?”,+161° in n-sodium hydroxide (c, 0-6); (c) distillation with 12% 
hydrochloric acid gave no furfural; (d) with the same reagents under the conditions used for the 
estimation of uronic acid groups, 0-40% of carbon dioxide was evolved; no structural significance 
can be attached to yields of this order (see Campbell, Hirst, and Young, Nature, 1938, 142, 912) 
(Found : moisture content of air-dried sample, 13-0; P,O;, 0-15, determined by a modification 
of Neumann’s method; N, 0-1%; acid number, 0-2 c.c. of n/10-alkali required to neutralise 1 g. 
of starch). 

Acetylation of Wheat Starch.—Air-dried starch (30 g.) was made into a 3% paste with hot 
water, and alcohol (2 vols.) added. The precipitate was washed with alcohol and with ether 
and shaken with pyridine (300 c.c.) for 36 hours; acetic anhydride (300 c.c.) was then added 
gradually with stirring, the temperature rising to 105°. The mixture was kept at room temper- 
ature for 18 hours and then stirred at 60° for 72 hours. The viscous mass was diluted with 
glacial acetic acid and poured into water. The white precipitate was washed with water for 
2 days until free from acid and then with alcohol, and finally with ether and dried at 80° ina 
vacuum (yield, quantitative). 730° 0-82 in m-cresol (c, 0-4), corresponding to an apparent 
molecular weight of 560,000 (&,, = 1-0 x 10) (Found: CH,-CO, 41-5%). 

The conditions required for acetylation are considerably more drastic than those which 
suffice for potato or rice starch. For instance, preliminary experiments in which the reactants 
were stirred at room temperature for 8 hours gave a product having CH,;-CO 30-6%, and after 
11 hours’ stirring at 45°, followed by 12 hours at 15°, an acetate having CH,-CO 37% was obtained 
(Calc. for the triacetate : CH,-CO, 44-8%). 

Methylation of Wheat Starch—Wheat starch (30 g.) was made into a cream with water 
(250 c.c.), and 30% sodium hydroxide solution (100 c.c.) added, with formation of a viscid paste. 
This was stirred rapidly in an atmosphere of nitrogen, and methyl sulphate (200 c.c.) and 30% 
sodium hydroxide solution (400 c.c.) added gradually at room temperature with vigorous stirring. 
After 12 hours, the alkali was partially neutralised by 50% sulphuric acid, the solution saturated 
with carbon dioxide and concentrated almost to dryness, and the mixture of partially methylated 
starch and mineral salts again treated with the methylating reagents. After this second methyl- 
ation, sodium sulphate was removed by extraction with boiling water and the insoluble product 
was dissolved in acetone and remethylated in the usual manner. After eight methylations, 
the methoxy] content of the product was 43-0%. A solution of the crude methylated starch in 
acetone was poured into an equal volume of ice-cold water, and the acetone distilled off from 
the clear yellow solution, which was then heated to 100°. The methylated starch which 
separated was filtered off, dried at 100° under reduced pressure, and extracted with boiling 
ether, which removed a small amount of impurity, mainly condensation products of acetone 
(yield, 80% of the theoretical). 

The methylated wheat starch was separated into fractions by successive additions of light 
petroleum to a chloroform solution: (a) 11 g., [«]}” +208° in chloroform (c, 0-316), 430° 1-0 in 
m-cresol (c, 0-4), corresponding to an apparent molecular weight of 300,000 (k,, = 1-6 x 10“) 
(Found : OMe, 44:8%); (b) 53 g., [a]?” +207° in chloroform (c, 0-577), 430° 1-0 in m-cresol (c, 
0-4), corresponding to an apparent molecular weight of 300,000 (Found: OMe, 42-7%); (c) 
18 g., 730; 0-94 in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 290,000 
(Found: OMe, 45°5%); (d) 10 g., [«]3” +207° in chloroform (c, 0-581), 730° 0-55 in m-cresol 
(c, 0-4), corresponding to an apparent molecular weight of 170,000 (Found : OMe, 44-0%). 
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Hydrolysis of Methylated Wheat Starch.—The methylated starch [fractions (a) and (c) above] 
was boiled with 1% methyl-alcoholic hydrogen chloride for 7 hours. The mixed methyl- 
glucosides were isolated in the usual manner (97% yield) and on fractional distillation the 
following fractions were finally obtained (Table I). For the method of estimation see Hirst 
and Young (J., 1938, 1247). In all cases methoxyl estimations were carried out as checks, but 
these results were not used in calculating the amount of ‘‘ tetramethyl ” derivative. Absorption 
measurements showed the absence of furfural in the various fractions. 


TABLE I. 

Constants 

Frac- os used in 
tion. Wt.,g. mp.  estimation.* “ Tetra,” %. “Tetra,” g. “Tri,” g. ‘ Di,” %. “ Di, 
1 0-55 14475 (a) 1-4430 65 0-36 0-19 — — 
(b) 1-4560 
0-26 1-4503 (a) 1-4440 0-12 — — 
(b) 1-4570 
0-08 1-4560 (a) 1-4445 
(b) 1-4570 


or 
tb 


0-07 _ 


0‘88 _— 
4-61 _ 
2-05 — 
2-16 0-93 
— 0-71 


0-88 1-4571 
4-61 1-4577 
2:05 1-4582 
3-09 61-4624 
0-71 1-4747 
12-23 , 10-08 1-64 

* (a) and (b) are the np values of the “ tetra” and the “ tri” portions respectively present in 

these fractions, as estimated from rotational data (see Hirst and Young, Joc. cit.). 
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The relative proportions of the fission products, represented as a percentage of the total 
recovery of glucosides, were therefore: 2:3: 4: 6-Tetramethyl methylglucoside (end-group), 
42%; 2:3:6-trimethyl methylglucoside, 83%; dimethyl methylglucosides, 13%. This 
proportion of end-group corresponds to a repeating unit of chain-length approximately 24 
glucose residues. 


Hydrolysis of Methylated Wheat Starch of Lower Viscosity.—The methylated starch used was 
fraction (d) above, having 750° 0-55 in m-cresol, corresponding to a molecular weight of 170,000 
(km = 1-6 x 10). It was hydrolysed precisely as described above, and the following fractions 
were finally obtained. 


TABLE II 
Constants 
Frac- —- used in 
tion. Wt.,g. mp.  estimation.* ‘‘ Tetra,” %. “Tetra,” g. “Tri,’g. “Di,” %. “ Di,’’g. 
1 0-30 14461 (a) 1-4440 83 0-25 0-05 
(b) 1-4560 
0-10 11-4561 (a) 1-4445 6 0-01 0-09 
(b) 1-4568 
0-55 1-4568 — 0-55 
4-74 1-4583 — 4-74 
1:07 1-4682 — a 


6-76 0-26 5-43 
* See note under Table I. 


The composition of the fission products, expressed as a percentage of the total recovery, was 
therefore: 2:3: 4: 6-Tetramethyl methylglucoside, 3-9%; 2: 3: 6-trimethyl methylglucoside, 
80%; dimethyl methylglucosides, 16%. This amount of end-group corresponds to a repeating 
unit of chain length 26 glucose residues. 

Identification of 2:3:4: 6-tetramethyl methylglucoside. The syrup was hydrolysed by 
2n-hydrochloric acid on a boiling water-bath for 15 hours. The acid was neutralised with 
barium carbonate, and the water removed ina vacuum. The dried residue was extracted with 
boiling chloroform, which was then removed, leaving a syrup (yield, nearly quantitative) which 
crystallised on inoculation with 2: 3:4: 6-tetramethyl glucose. After recrystallisation from 
light petroleum (b. p. 60—80°) the crystals had m. p. and mixed m. p. 88°. 

Identification of 2:3: 6-trimethyl methylglucoside. The methylglucoside was hydrolysed 
with 5% sulphuric acid on a boiling water-bath for 12 hours. The product was isolated in the 
usual manner and crystallised on standing (yield, nearly quantitative); m. p. 117° after 
recrystallisation from ether. 
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Extraction of Starch from Horse Chestnut.—Freshly gathered nuts were peeled and the inner 
portions were finely ground, covered with 1% sodium sulphite solution, and left at room temper- 
ature for several hours. The starch granules were then washed through a fine cloth with water, 
and allowed to settle. After thorough washing by decantation, the starch was filtered off and 
washed with alcohol and then ether. Horse-chestnut starch was thus obtained as a white 
powder consisting of tiny granules similar in size and shape to those of rice starch (yield, 10—20% 
of the weight of the original nuts). In hot water the starch gave a clear paste (viscosity compar- 
able with that of rice starch) which gave a deep blue colour with iodine. It was non-reducing 
to Fehling’s solution. [a] +151° in n-sodium hydroxide (c, 0-668). Hydrolysis with taka- 
diastase left 4% of residue. No furfural was obtained on distillation with 12% hydrochloric 
acid. With the same reagent, under the conditions used for uronic acid determinations, 0-50% 
of carbon dioxide was evolved (compare wheat starch, above) [Found : P,O,, 0-045 (Neumann’s 
method); N, 0-06; S, nil; moisture on air-dried sample, 12-56%; acid number, 0-15 c.c. of 
n/10-alkali required to neutralise 1 g. of starch]. 

Acetylation of Horse-chestnut Starch—The procedure was similar to that described for 
wheat starch. After addition of the acetic anhydride, the temperature rose to 70° and then 
fell, and the stirring was continued for 8 hours. On pouring into water, a viscous, partially 
acetylated mass separated; the product was therefore treated again with pyridine (100 c.c.) and 
acetic anhydride (100 c.c.), and the mixture stirred at 50° for a further 6 hours. The acetate 
was then precipitated and purified in the usual manner (Found : CH,-CO, 40-9%). 720" 0-78 
in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 540,000 (k,, = 1-0 x 10+). 

Methylation of Horse-chestnut Starch—The methylation was carried out as described for 
wheat starch (yield, 60%). On precipitation of the methylated product from chloroform by 
light petroleum, the following fractions were obtained: (a) 22 g., [a]}” +205° in chloroform 
(c, 0-537), 720° 2-38 in -m-cresol (c, 0-4), corresponding to an apparent molecular weight of 700,000 
(Am = 1-6 x 10) (Found: OMe, 43-9%); (b) 6 g., nif" 2-10 in m-cresol (c, 0-4), corresponding 
to an apparent molecular weight of 650,000 (Found: OMe, 43-8%); (c) 9 g., [aJ>” +204° in 
chloroform (c, 0-836), 73p° 1-4 in m-cresol, corresponding to an apparent molecular weight of 
430,000 (Found : OMe, 43-9%). 

Hydrolysis of Methylated Horse-chestnut Starch—The methylated starch [fraction (a) above] 
was hydrolysed in the usual manner with 1% methyl-alcoholic hydrogen chloride. The syrup 
was isolated as before (yield, 90%) and was fractionally distilled at 0-001 mm. (see Table III). 


TABLE III. 
Constants 
Frac- . used in 
tion. Wt.,g. mb.  estimation.* “ Tetra,” %. “Tetra,” g. “Tri,’g. “Di,” %. “ Di,” g. 
1 0-29 1-4458 (a) 1-4432 82 0-24 0-05 — 
(b) 1-4575 
0-29 11-4484 (a) 1-4445 : 0-08 
(b) 1-4575 
1:04 1-4563 (a) 1-4445 . 0-95 
(b) 1-4575 
0-92 1-4574 0-92 
9-02 1-4601 9-02 
2-88 1-4610 2-59 
0-84 1-4690 0-25 


15-28 13-86 
* See note under Table I. 


The composition of the fission products, calculated on the total recovery, is therefore : 
2:3:4:6-Tetramethyl methylglucoside, 35%; 2:3: 6-trimethyl methylglucoside, 91%; 
dimethyl methylglucosides, 5-7%. This amount of end-group corresponds to a chain-length 
of 28 glucose units. The identity of the hydrolysis products was proved as in the case of wheat 
starch by the isolation of crystalline 2:3: 4: 6-tetramethyl glucose and 2: 3: 6-trimethyl 
glucose from the corresponding fractions. 
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204. The Synthesis of 5: 6-Dihydroxyflavone and the Structure of 
Primetin. 


By Witson BAKER. 


An unambiguous synthesis of 5: 6-dimethoxyflavone has been achieved via the 
stages (I) to (V). Demethylation of this dimethoxy-derivative gave a dihydroxy- 
flavone, which, because it regenerated 5 : 6-dimethoxyflavone on methylation and for 
other reasons, must be regarded as 5 : 6-dihydroxyflavone (VI) and not the possible 
alternative 5 : 8-dihydroxyflavone (VIII). This substance and its derivatives differ 
from primetin and corresponding derived compounds, and a revision of the structure 
of primetin, hitherto regarded as 5: 6-dihydroxyflavone is therefore necessary, A 
review of the available evidence and the definite exclusion of the 7 : 8-dihydroxy-struc- 
ture leads to the conclusion that primetin is 5 : 8-dihydroxyflavone (VIII). 


PRIMETIN, C,;H,,0,, isolated from the leaves of Primula modesta (Hattori and Nagai, /. 
Chem. Soc. Japan, 1930, 51, 162; Acta Phytochim., 1930, 5, 1) exhibits the properties of a 
dihydroxyflavone. It yields benzoic acid as the only recognisable product by hydrolytic 
fission, and gives a green ferric chloride reaction. One of the hydroxyl groups resists 
methylation by diazomethane or methy] iodide and is therefore assumed to occupy position 
5. Since, moreover, its absorption spectrum closely resembles that of 6-hydroxyflavone, it 
has been assumed to be 5 : 6-dihydroxyflavone (VI), and several attempts have been made 
to prepare this compound (Sugasawa, J., 1933, 1621; J. Pharm. Soc. Japan, 1936, 56, 105; 
Baker, J., 1934, 1953; see also Mahal and Venkataraman, Current Sci., 1938, 6, 450). 
Its synthesis is now recorded, but it differs widely from primetin. In the light of present 
work it is clear that Sugasawa succeeded in preparing two derivatives of 5 : 6-dihydroxy- 
flavone and even a crude specimen of 5 : 6-dihydroxyflavone itself, but he erroneously 
believed that his products were derived from 5 : 8-dihydroxyflavone (VIII). 


O 


O-CH, i. Co CH, M Me O-CH, Me O-CH,°COPh Me 
Me Me Me O 


(I.) (II.) (III.) (IV.) (V.) 


HO O O O Vj, 
—_ 
QP w= BO” 
Me — we 
H O H O H O 


(VIII.) (VII.) (VI.) 


2 : 6-Dihydroxyacetophenone was converted into 2-hydroxy-6-methoxyacetophenone 
(I), and thence by oxidation with potassium persulphate in alkaline solution into 2 : 5- 
dihydroxy-6-methoxyacetophenone (II) (for applications of this method of preparing quinol 
derivatives, see Baker and Savage, J., 1938, 1602). The position of the second hydroxyl 
group in (II) is proved by the fact that, like 2 : 5-dihydroxyacetophenone, it gives no pre- 
cipitate with lead acetate in 50% alcoholic solution, a behaviour which distinguishes it from 
the only alternative, a 2:3-dihydroxyacetophenone; the latter gives an immediate 
precipitate of a bright yellow lead derivative under these conditions. Methylation of (II) 
gave 2:3: 6-trimethoxyacetophenone. Partial methylation of 2 : 5-dihydroxy-6-methoxy- 
acetophenone (II) gave the bright yellow, volatile ketone 2-hydroxy-5 : 6-dimethoxyaceto- 
phenone (III). The colour of this substance, which is retained after conversion into the 
colourless benzoyl derivative and regeneration by hydrolysis, is noteworthy; it recalls the 
yellow colour of m-xylorcylaldehyde (Robertson and Robinson, J., 1937, 2197). The 
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O-benzoyl derivative of (III) underwent a smooth conversion into 2-hydroxy-5 : 6-dime- 
thoxydibenzoylmethane (IV) under the influence of sodamide in toluene, and ring-closure of 
(IV) to 5 : 6-dimethoxyflavone (V), about whose constitution there can be no ambiguity, 
was effected by heating with acetic acid and sodium acetate. 

Demethylation of 5 : 6-dimethoxyflavone (V) by means of either hydrobromic acid in 
acetic acid or aluminium chloride in nitrobenzene gave a dihydroxyflavone which is regarded 
as 5 : 6-dihydroxyflavone (VI). Demethylation of (V) might conceivably give rise to 
5 : 8-dihydroxyflavone (VIII) owing to opening of the pyrone ring and closure in the alter- 
native direction; such an alteration of orientation during demethylation of flavone deriv- 
atives with hydriodic acid has been recorded by Shah, Mehta, and Wheeler (J., 1938, 1555 ; 
see also Ann. Reports, 1931, 28, 149), but the alteration of orientation did not occur with 
aluminium chloride in nitrobenzene. Moreover, complete methylation of the supposed 
5 : 6-dihydroxyflavone regenerates 5 : 6-dimethoxyflavone, and the double ring-change 
that would be involved if the dihydroxyflavone were the 5 : 8-dihydroxy-derivative is most 
improbable, Further reasons for believing that the dihydroxyflavone is correctly repre- 
sented as 5 : 6-dihydroxyflavone (VI) are: (1) it gives a green colour with alcoholic ferric 
chloride which does not fade; (2) it gives an orange precipitate with lead acetate in alcoholic 
solution; (3) it is not oxidised to a quinone by means of either silver oxide or p-benzo- 
quinone in alcoholic solution (cf. gossypetin, 5 : 7 : 8 : 3’ : 4’-pentahydroxyflavonol, which 
yields gossypetone with the latter reagent; Perkin, J., 1913, 108, 657); (4) the sodium salt 
is extremely sparingly soluble in water; the 5-hydroxyl group in flavones does not generally 
yield a sodium salt in aqueous solution, and hence 5 : 6-dihydroxyflavone might be expected 
to behave towards aqueous alkalis like 6-hydroxyflavone, which yields an extremely 
sparingly soluble sodium salt in contrast with both 7- and 8-hydroxyflavone which dissolve 
easily in alkalis; (5) the orientation of the hydroxyl groups is analogous to that occurring 
in the synthesis of the tetrahydroxybenzene derivative quercetagetin (Baker, Nodzu, and 
Robinson, J., 1929, 76), where a similar alternative exists. 

The foregoing facts establish beyond possibility of doubt that the demethylation of 
(V) yields 5 : 6-dihydroxyflavone (VI). The diacetyl derivative, which regenerates the 
same dihydroxyflavone on hydrolysis, must be 5: 6-diacetoxyflavone, and the weakly 
phenolic monomethyl ether, prepared by partial demethylation of (V) with aluminium 
chloride in ether, and which regenerates (V) on methylation, must be 5-hydroxy-6-methoxy- 
flavone (VII), and its acetyl derivative must be 5-acetoxy-6-methoxyflavone. 5: 6-Dihy- 
droxyflavone (VI) was also formed by heating 2 : 5-dihydroxy-6-methoxyacetophenone (II) 
with benzoic anhydride and sodium benzoate, followed by alkaline hydrolysis, demethyl- 
ation having occurred during the process. Other cases are known where demethylation 
occurs during the production of flavones by the ‘‘ fusion method ”’ (see Ann. Reports, 1931, 
28, 149). 

Reference must here be made to the work of Sugasawa (loc. cit.). This author hydrolysed 
the benzyl ether of (III) with hydrochloric acid in acetic acid and benzoylated the crude 
product, obtaining a hydroxymethoxyflavone, which, because it and its acetyl derivative 
differed from primetin monomethyl ether and its acetyl derivative, was assumed to be 
5-hydroxy-8-methoxyflavone (monomethyl ether of VIII). These products are, however, 
identical with compound (VII) and its acetyl derivative described in this paper, and the 
demethylation observed by Sugasawa probably occurred during the benzoylation and not, 
as he suggested, during the debenzylation, Sugasawa further demethylated the hydroxy- 
methoxyflavone to a product (not obtained pure or analysed) which was not identical with 
primetin and was therefore assumed to be 5 : 8-dihydroxyflavone (VIII). This product is, 
however, clearly identical with 5 : 6-dihydroxyflavone. 

The non-identity of the 5 : 6-dihydroxyflavone and primetin necessitates a revision of the 
structure of the latter, unless the extremely unlikely assumption is made that primetin and 
its three derivatives described by Hattori and Nagai are all dimorphous. The close 
similarity in properties between primetin and 5 : 6-dihydroxyflavone (see Table below) 
might seem to render this view just possible, were it not for the fact that they differ in their 
behaviour towards aqueous sodium hydroxide, and their monomethyl ethers show differing 


ferric chloride reactions. 
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It may be assumed with some certainty that primetin is a dihydroxyflavone as distinct 
from a hydroxyflavonol. Both 6- and 7-hydroxyflavonol are known substances and may 
be excluded, and the remaining alternatives, 5- and 8-hydroxyflavonols, would yield 
resorcinol and catechol respectively on alkaline hydrolysis, and both these products should 
have been easily recognisable. The inability to isolate a definite phenol strongly indicates 
that primetin is a derivative of either hydroxyquinol or pyrogallol, and the latter alternative 
is ruled out by other considerations (see below). The following Table gives the chief 
properties of primetin, 5 : 6-, 6 : 7-, and 7 : 8-dihydroxyflavones and of their corresponding 
derivatives (primetin is known to differ from 5 : 7-dihydroxyflavone, chrysin, which is not 
included in the Table). The unknown dihydroxyflavones fulfilling the above condition are 
the 6 : 8- and 5 : 8-dihydroxy-derivatives. 


M. p. Aqueous NaOH. Alcoholic FeCl,. 





Conc. H,SQ,. 





Description. 


PrimMetiN ..cccccccccescoces Ochre-yellow 230— Red. solution Green Yellow solution, 
prisms 231° no fluores- 
cence. 
” diacetate ...... Needles 189 a — — 
» monomethyl Sulphur-yellow 210— Insoluble Brown-violet — 
ether needles 211 
Primetin monomethyl Needles 175— —_ —_ — 
ether acetate 176 
5: 6-Dihydroxyflavone Honey-yellow 189— Crystals Olive-green Yellow solution, 
needles 190 coloured dark no fluores- 
red. Insol- cence. 
uble 
5 : 6-Dihydroxyflavone Thin, flaky 164 —- —_ — 
diacetate risms 
5: 6-Dihydroxyflavone Yellow needles 129 Insoluble Intense bluish- — 
6-monomethy]l ether or thin plates green 
5 : 6-Dihydroxyflavone Flat prisms 149 — — —_ 
6-monomethy] ether 
acetate 
6 : 7-Dihydroxyflavone* Cream-coloured 254 Bright yellow Intense green Colourless_ solu- 
needles solution tion, no fluo- 
rescence. 
6: 7-Dihydroxyflavone Needles 201 _— — -- 
diacetate 
7 : 8-Dihydroxyflavone* Yellow, rhombic 2434 Bright orange- Intense olive- Yellow solution, 
prisms 3 red solution green no fluores- 
cence.® 
7: 8-Dihydroxyflavone Needles 198 & — — = 
diacetate 
7: 8-Dihydroxyflavone Pale, honey- 227 ~+«Bright yellow Pale apple- —_ 
7-monomethyl ether yellow prisms solution green 


7: 8-Dihydroxyflavone Yellow needles 227 — _ 
7-monomethy] ether 
acetate 


1 From methyl alcohol; see experimental section. 
* Reigrodski and Tambor, Ber., 1910, 48, 1966; Hattori, Acta Phytochim., 1932, 6, 131; Chadha 


and Venkataraman, J., 1933, 1073. 
8 Woker, Kostanecki, and Tambor, Ber., 1903, 36, 4242; Venkataraman, J., 1929, 2222; Baker, 


J., 1933, 1387; Seka and Prosche, Monaitsh., 1936, 69, 284. 
* Rapid heating; the m. p. varies according to the rate of heating. 
5 Venkataraman reports a green fluorescence, but this is not apparent in daylight. 


* Baker. Other recorded m. p.’s are 193° and 194°, 


It is clear that primetin can be neither 5 : 6- nor 6 : 7-dihydroxyflavone, but it shows a 
remarkable resemblance to 7 : 8-dihydroxyflayone (IX). It has been found, however, that 
7 : 8-dihydroxyflavone does not yield a monomethyl but a dimethyl ether under the 
conditions of formation of primetin monomethyl ether, and that the most likely mono- 
methylation product of 7 : 8-dihydroxyflavone, namely 8-hydroxy-7-methoxyflavone (XI), 
which was prepared synthetically, differs widely from primetin monomethy]l ether. If the 
formation of the feebly phenolic primetin monomethy] ether is to be interpreted as meaning 
that it possesses a hydroxyl group in position 5, then primetin can only be 5 : 8-dihydroxy- 
fiavone (VIII). Although a green ferric chloride reaction is usually indicative of vicinal 
hydroxyl groups, it is probable that 5 : 8-dihydroxyflavone would give such a reaction, 
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since 2 : 5-dihydroxy-6-methoxyacetophenone (II) gives a fairly stable deep olive-green 
colour with alcoholic ferric chloride. 


MeO O HO O 


HO O OH 
= be a = nO 8 a ms OS a m@ sc 
CO 0 0 


(IX.) (XII) (XI) (X.) 


In the author’s opinion primetin is, therefore, to be regarded as 5 : 8-dihydroxyflavone 
(VIII), and the synthesis of this compound is in progress. It seems probable that another 
5 : 8-dihydroxyflavone occurs in Nature. This was isolated from the leaves of Ginkgo 
biloba, L., by Furukawa (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1932, 19, 27, 39; 1933, 
21, 278) and is believed to be 5: 8-dihydroxy-4’-methoxyflavone. It shows a close 
resemblance to primetin. 

The 8-hydroxy-7-methoxyflavone (XI) was prepared from 2 : 3-dihydroxy-4-methoxy- 
acetophenone (X) by fusion with benzoic anhydride and sodium benzoate, followed by 
alkaline hydrolysis, and purified via its acetyl derivative. Methylation of (XI) by means of 
methyl sulphate and alkali gave 7 : 8-dimethoxyflavone (XII), identical with that prepared 
by the methylation of 7 : 8-dihydroxyflavone with either methyl sulphate or diazomethane. 


EXPERIMENTAL. 


2-Hydroxy-6-methoxyacetophenone (1).—This compound was isolated by Limaye and Gangal 
(Rasayanam, 1936, 1, 65) as a by-product in about 20% yield in the preparation of the dimethyl 
ether of 2: 6-dihydroxyacetophenone. It is conveniently prepared as follows. 2: 6-Dihy- 
droxyacetophenone (Baker, Joc. cit.) (30-4 g.), benzene (300 c.c.), anhydrous potassium carbonate 
(60 g.), and methyl sulphate (26-4 g.; 1-05 mols.) were refluxed for 12 hours, water (500 c.c.) 
added to the hot mixture, and the whole filtered. The benzene layer was shaken with a solution 
of sodium hydroxide (20 g.) in water (200 c.c.); the aqueous solution on acidification deposited 
the desired methyl ether (23-5 g.). After crystallisation from methyl alcohol it formed almost 
colourless, fine prisms, m. p. 60° (Found: C, 65-1; H, 6-1. Calc. for C,H,,O,;: C, 65-1; 
H, 6-0%). 

2 : 5-Dihydroxy-6-methoxyacetophenone (I1).—To a stirred solution of 2-hydroxy-6-methoxy- 
acetophenone (25 g.) in water (300 c.c.) containing sodium hydroxide (30 g.) was added dropwise 
during 4 hours a solution of potassium persulphate (40-5 g.; 1 mol.) in water (800 c.c.), the 
temperature being maintained at 15—20°. After 24 hours the solution was acidified to Congo- 
red by the addition of concentrated hydrochloric acid, and the liquid filtered from the precipitate 
of unchanged 2-hydroxy-6-methoxyacetophenone (4 g.) and heated for 1 hour on the steam-bath 
with the addition of concentrated hydrochloric acid (200 c.c.). The hot liquid was treated with 
charcoal, filtered, and cooled; after several hours the brownish-yellow 2: 5-dihydroxy-6- 
methoxyacetophenone was collected, washed and dried (5 g.), and a further quantity (4 g.) was 
obtained by extracting the mother-liquor twice with ether, distilling and crystallising from water 
(charcoal). For analysis the compound was crystallised from light petroleum (b. p. 60—80°) 
and then from water; it formed long, yellow prisms, m. p. 90° (Found: C, 59-3; H, 5-2. 
C,H,,0, requires C, 59-3; H, 5-5%). Addition of ferric chloride to its alcoholic solution gives 
a deep olive-green coloration, which turns brownish in } hour; the solution in sodium hydroxide 
is at first bright yellow, turning brownish, and that in concentrated sulphuric acid is orange- 
yellow. 

2:3: 6-Trimethoxyacetophenone.—Methylation of the preceding compound (II) with a large 
excess of methyl sulphate and aqueous potassium hydroxide in coal gas gave 2:3: 6-iri- 
methoxyacetophenone, which, after twice crystallising from light petroleum (b. p. 40—60°), 
formed silky needles, m. p. 41-:5° (Found: C, 63-1; H, 6-9. C,,H,,O, requires C, 62-9; 
H, 6-7%). 

2 : 5-Dibenzoyloxy-6-methaxyacetophenone.—Compound (II) (2-0 g.), pyridine (3 c.c.), and 
benzoyl chloride (3-1 g.; 2 mols.) were heated on the steam-bath for } hour and shaken with 
dilute hydrochloric acid, and the resulting solid dibenzoyl derivative (4-3 g.) was crystallised twice 
fromalcohol. It formed prismatic needles, m. p. 151—152° (Found : C, 70-8; H, 4-6. C,3H,,0, 
requires C, 70-8; H, 4-6%). 

5 : 6-Dihydroxyflavone (VI.)—A mixture of 2: 5-dihydroxy-6-methoxyacetophenone (II) 
(2 g.), benzoic anhydride (30 g.), and sodium benzoate (4 g.) was stirred at 190—200° for 4 hours, 
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a further quantity of sodium benzoate (1 g.) added, and heating and stirring continued for 10 
hours. The product was hydrolysed by heating on the water-bath for 20 minutes with alcohol 
(80 c.c.), water (16 c.c.), and a solution of potassium hydroxide (25 g.) in water (25 c.c.), most 
of the alcohol being allowed to distil away, and the solution obtained on dilution with water 
(200 c.c.) was saturated with carbon dioxide. The precipitated phenolic material (1-5 g.) was 
crystallised from 50% acetic acid (charcoal) and then from alcohol, being obtained in honey- 
yellow, prismatic needles (0-4 g.), m. p. 189—190° (Found: C, 70-9; H, 4-1; OMe, 0-0. 
C,5H,,O, requires C, 70-9; H, 3-9%) (Sugasawa described the substance as “grains” from 
alcohol, m. p. 189—190°; it was not characterised). 5 : 6-Dihydroxyflavone becomes converted 
into a dark red sodium salt on the addition of aqueous sodium hydroxide, but does not dissolve 
appreciably even on heating. With alcoholic ferric chloride it develops an intense olive-green 
colour. The solution in concentrated sulphuric acid is yellow and exhibits no fluorescence, 
Addition of a solution of lead acetate to its alcoholic solution gives an orange, gelatinous pre- 
cipitate. The diacetyl derivative, prepared by boiling with acetic anhydride and sodium acetate 
for 2 hours and then shaking with water, separates from alcohol in thin, flaky prisms, frequently 
exhibiting lateral growths, m. p. 164° (Found: C, 67-4; H, 4:2. C,,H,,O, requires C, 67-4; 
H, 41%), 

Sains : 6-dimethoxyacetophenone (III).—Compound (II) (1-8 g.), benzene (20 c.c.), 
anhydrous potassium carbonate (5 g.), and methyl sulphate (1-3 g.) were boiled for 8 hours; 
water and dilute hydrochloric acid were then added, and the mixture steam-distilled. The 
steam-distillate yielded to ether 2-hydroxy-5 : 6-dimethoxyacetophenone (1:3 g.) as a bright 
yellow oil, b. p. 162—163°/22 mm. (Found: C, 61:3; H, 6-2. C,9H,,O, requires C, 61-2; 
H, 6-1%). Its alcoholic or dilute alcoholic solution gives an intense greenish-blue ferric chloride 
reaction; it dissolves in aqueous sodium hydroxide with a yellow colour, and in concentrated 
sulphuric acid with a bright orange colour, Sugasawa obtained this compound in the crude 
state as a brown, viscous oil. 

2-Benzoyloxy-5 : 6-dimethoxyacetophenone.—2-Hydroxy-5 : 6-dimethoxyacetophenone (III) 
(1-18 g.) in pyridine (4 c.c.) was heated on the water-bath for } hour with benzoyl chloride 
(0-85 g.; 1 mol.) and the solid obtained by shaking the product with dilute hydrochloric acid 
was crystallised from alcohol, from which it separated in colourless, thick, rhombic plates or 
prisms (1-3 g.), m. p. 87° (Found: C, 68-3; H, 5-6. C,,H,,O,; requires C, 68-0; H, 5-4%). 

2-Hydroxy-5 : 6-dimethoxydibenzoylmethane (IV).—The preceding benzoyl compound (1 g.) 
was added to sodamide (2 g.) finely powdered under toluene (20 c.c.) and the mixture, which 
rapidly became yellow, was heated on the water-bath for 5 hours with occasional shaking. The 
solid was collected, washed well with benzene, dried, stirred slowly into water and ice (unchanged 
sodamide !), and the resulting solution saturated with carbon dioxide. The orange-yellow 
precipitate was collected, washed, dried (yield 0-75 g.), and crystallised from light petroleum 
(b. p. 60—80°). 2-Hydroxy-5 : 6-dimethoxydibenzoylmethane forms bright orange-yellow, 
flaky crystals, m. p. 87° (Found: C, 67-8; H, 5-6. (C,,H,,0,; requires C, 68-0; H, 5-4%). 
The alcoholic solution gives a reddish-brown colour with ferric chloride, and it dissolves in 
aqueous sodium hydroxide with a pure yellow colour. The crystals are coloured red on the 
addition of concentrated sulphuric acid and rapidly dissolve to a yellow solution with conversion 
into 5 ; 6-dimethoxyflavone. 

5 : 6-Dimethoxyflavone (V).—(a) Compound (IV) (0-75 g.), acetic acid (10 c.c.), and anhydrous 
sodium acetate (1 g.) were heated on the water-bath for 4 hours, water added, and the solid 
(0-64 g.) collected, washed, and crystallised from alcohol. 5: 6-Dimethoxyflavone separated in 
colourless, thin, four-sided plates, m. p. 196° (Found: C, 72-4; H, 5-1. C,,H,,O, requires 
C, 72:3; H, 50%). Itis insoluble in boiling aqueous sodium hydroxide, and gives no coloration 
with ferric chloride in alcoholic solution. Its solution in concentrated sulphuric acid is yellow. 

(b) 5: 6-Dihydroxyflavone, dissolved in acetone, was refluxed for 6 hours with a large excess 
of methyl sulphate and anhydrous potassium carbonate. The solid obtained on dilution with 
much water was collected and crystallised from alcohol; it formed plates, m. p. and mixed 
m. p. 196°. Yield, almost quantitative. 

(c) 5-Hydroxy-6-methoxyflavone (VII) (below), when treated as under (b), gave 5: 6- 
dimethoxyflavone, m. p. and mixed m. p. 196°. ; 

Demethylation of 5 : 6-Dimethoxyflavone (V).—(a) Production of 5 : 6-dihydroxyflavone (VI). 
5 : 6-Dimethoxyflavone (V) (0-5 g.) was refluxed for 8 hours with acetic acid (2-5 c.c.) and 
hydrobromic acid (d 1-5; 2-5 c.c.), water added, and the precipitated solid collected, washed, 
dried (0-38 g.), and crystallised from 50% acetic acid (30 c.c.) (charcoal). Yellow needles 
separated, m. p. 189—190° either alone or in admixture with the specimen of 5 : 6-dihydroxy- 
flavone previously described, The diacetyl derivative had m. p. and mixed m. p. 164°. 
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Demethylation to the same compound was also effected by means of a solution of aluminium 
chloride in nitrobenzene at 100° for 4 hours. 

(b) Production of 5-hydvoxy-6-methoxyflavone (VII). 5: 6-Dimethoxyflavone (2 g.) was 
dissolved in a solution of anhydrous aluminium chloride (20 g.) in dry ether (80 c.c.), and the 
mixture refluxed on the steam-bath for 18 hours. Water was added and the orange precipitate, 
which appeared to be an aluminium complex, was collected and decomposed by boiling for 
several minutes with acetic acid (50 c.c.) containing concentrated hydrochloric acid (20 c.c.). 
The yellow solid (1-7 g.) obtained by dilution with water was crystallised from dilute and then 
absolute alcohol; it appeared to be dimorphous and separated in long, amber-yellow, prismatic 
needles or in centimetre-long, thin, flat prisms, m. p. 128—129° (Found: C, 71-5; H, 4-5. 
Calc. for C,,H,,0,: C, 71-6; H, 45%). It gives an intense bluish-green coloration with 
alcoholic ferric chloride. It is unchanged on addition of cold dilute sodium hydroxide solution, 
but the crystals become covered with an almost insoluble orange sodium salt on boiling. 
The acetyl derivative, prepared by the action of acetic anhydride and anhydrous sodium 
acetate at 100° for 4 hours, separated from alcohol in flat, colourless prisms, m. p. 149°. Suga- 
sawa describes these compounds as “ bright yellow leaflets, or long, hairy needles, m. p. 129— 
130°,”” and “ very pale-yellow prisms, m. p. 146—147°,” respectively. | Compound (VII) was 
also prepared by the partial methylation of 5: 6-dihydroxyflavone by shaking with a hot, 
dilute alcoholic solution of potassium hydroxide and a large excess of methyl sulphate, collecting 
the orange alkali salt of (VII) which separated and decomposing it with hydrochloric acid, 

7 : 8-Dihydroxyflavone (IX).—A specimen was prepared according to the directions of Baker 
(J., 1933, 1387). The substance is dimorphous; from ethyl alcohol it separates in labile, 
faintly greyish-yellow, prismatic needles (cf. descriptions given by Venkataraman, and by 
Woker, Kostanecki, and Tambor, Jocc. cit.), which, on standing in the mother-liquor at room 
temperature, are slowly (4—5 days) converted into the yellow, flattened, rhombic prisms of the 
stable form. The change takes place rapidly (1 minute) when the labile form is covered with 
cold methyl alcohol. Neither form appears to contain solvent of crystallisation. 7 : 8-Dihy- 
droxyflavone dissolves in aqueous sodium carbonate with a yellow colour, and in aqueous sodium 
hydroxide with an orange-red colour. The red solution fades to yellow on considerable dilution, 
Woker, Kostanecki, and Tambor state that it dissolves in alkalis with a yellow colour, 
whilst Venkataraman states that the solution in aqueous sodium hydroxide is orange-yellow. 
Its methyl-alcoholic solution when treated with excess of ethereal diazomethane, or methyl sul- 
phate and alkali, gave directly the dimethyl ether, m. p. 150°; no monomethy] ether was isolated. 

2 : 3-Dihydroxy-4-methoxyacetophenone (X).—Pyrogallol 1-monomethyl ether (10 g.) in 
acetic acid (80 c.c.) and coarsely crushed, anhydrous zinc chloride (100 g.) were boiled for 10 
minutes, some of the acetic acid being allowed to escape, and then poured into water (350 c.c.), 
After some hours the solid was collected, washed, and dried (yield, 8 g.) (cf. Baker, Jukes, and 
Subrahmanyam, J., 1934, 1683). 

8-Hydroxy-7-methoxyflavone (XI)—The preceding compound (5 g.), benzoic anhydride 
(50 g.), and sodium benzoate (5 g.) were stirred and heated in an oil-bath at 180—185° for 2 
hours, a further quantity of sodium benzoate (2-5 g.) added, and heating continued for 6 hours. 
The product was now boiled with alcohol (200 c.c.), a solution of potassium hydroxide (35 g.) 
in water (100 c.c.) added, and the mixture boiled on the water-bath for } hour, diluted with 
much water, and saturated with carbon dioxide. The dark product was collected, washed with 
water and then cold methyl alcohol (yield, 2 g.), and acetylated by boiling for 3 hours with 
acetic anhydride (15 c.c.) containing a few drops of pyridine. The yellow, crystalline acetyl 
derivative which separated on cooling was collected, washed with cold acetic anhydride and then 
alcohol, and crystallised from alcohol, in which it was very sparingly soluble. It separated in 
long, yellow, prismatic needles (0-8 g.), m. p. 227° (Found : C, 69-7; H, 4:4. C,,sH,,O; requires 
C, 69-7; H, 45%). Hydrolysis (of 0-5 g.) was effected by heating on the water-bath for 10 
minutes with alcohol (10 c.c.), potassium hydroxide (1 g.), and water (5 c.c.), diluting and 
acidifying. 8-Hydroxy-7-methoxyflavone separated from slightly diluted alcohol in pale honey- 
yellow prisms, which, owing to twinning, frequently formed bunches resembling sheaves of corn. 
It had m. p. 227° (mixed m. p. with the acetyl derivative, 190—210°) (Found: C, 71-6; 
H, 46. C,¢H,,0O, requires C, 71-6; H, 4-5%).. It dissolves in dilute sodium hydroxide solution 
with a bright yellow colour, and it gives a pale apple-green ferric chloride reaction in alcoholic 
solution. Treatment with methyl sulphate and alkali in dilute alcoholic solution readily gave 
7 : 8-dimethoxyflavone, m. p. and mixed m. p. 150°. 
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205. The Influence of Solvents and of Other Factors on the Rotation of 
Optically Active Compounds. Part XXXVII. Asymmetric Solvent 
Action (continued). i 


By T. S. PATTERSON, ALEXANDER H. LAMBERTON, and (in part) ROBERT M. CUNNINGHAM. 


From the work herein described it appears that (1) /-nicotine and ethyl d-tartrate 
have a considerable mutual solvent influence, (2) the tartrate raises the rotation of 
the nicotine (in an absolute sense), (3) similarly the nicotine raises the rotation of the 
tartrate, (4) ethyl i-tartrate has a slightly greater effect than ethyl racemate, (5) the 
isobutyl tartrates show a generally similar and consistent behaviour, as compared with 
the ethyl derivatives. 


EXPERIMENTS described in Part XXXVI (J., 1937, 1453) dealt with the changes of volume 
which occur when two unsymmetrical compounds:are mixed. In that investigation, the 
rotational changes observed were only briefly referred to, but those for mixtures of 
l-nicotine with ethyl tartrate and with the isobutyl tartrates are now described more fully. 
Previous work would lead one to expect that, on mixing ethyl tartrate and nicotine, the 
rotation of both should be mutually influenced to a considerable extent ; and that the change 
in the rotation of the mixture might be strikingly great in cases where the contributions of 
the two components were of the same sign, or comparatively small if the contributions of 
the components happened to be of opposite sign. Although, unfortunately, it is clear, 
a priori, that no definitive solution to the problem is yet to be expected, the present data 
are of interest in this connexion. 

The ethyl tartrate used was prepared by the hydrogen chloride saturation method 
and had aj, + 9-45°. The nicotine was purified by means of the zinc chloride double 
salt, CygH,,N,,2HC1,ZnCl,,H,O (Patterson and Fulton, J., 1925, 127, 2493; Lowry and 
Lloyd, J., 1929, 1381). Its rotation and density agreed closely with the data given by 
Jephcott (J., 1919, 115, 104), Patterson and Fulton (loc. cit.), Lowry and Singh (Compt. 
vend., 1925, 181, 910), and Lowry and Lloyd (loc. cit.). It was distilled in an atmosphere of 
nitrogen at 10—15 mm. pressure, atmospheric pressure being finally restored by admission 
of nitrogen instead of air; and during later work the distillate was shaken vigorously in the 
nitrogen-filled receiver before removal and use. This was remarkably efficient in preventing 
oxidation. The nicotine used had «3%, —206-2°. With these samples of ethyl tartrate 
and nicotine the rotations and densities of three mixtures were determined for three colours 
of light, at a number of temperatures between 0° and 100°. 

The discussion of the experimental data presents difficulty, inasmuch as it is necessary 
first to adopt some criterion of what may be considered analogous conditions under which 
comparisons may be made. We shall not discuss other possibilities, but describe only 
that one adopted in the sequel, and recorded in the Table. The various solutions were 
made up to certain definite percentages by weight; ¢.g., solution I contained 7-88% of 
nicotine and 92-12% of ethyl tartrate. The specific rotation of such a solution, 
containing two active substances, can have no useful meaning here, so that for comparison 
of the rotations of the constituents with the rotation of the mixed solution, it is necessary 
to use observed rotations.* If 10 g. of the above solution be supposed divided into its two 
constituent parts, the 0-788 g. of nicotine at 0° would occupy 0-7716 c.c. and the 9-212 g. 
of ethyl tartrate would occupy 7:5169 c.c.; the sum of these volumes is 8-2885 c.c. If 
these two quantities were placed one behind the other, so that they could not mix, in a 
tube of 1 cm.* cross-section, the observed rotation, for light of 4 = 5461, due to the 
nicotine (which would occupy a length of 7-716 mm. of the tube) would be —15-98°, 1.¢., 
0-07716 x —207° (length of column, in dcm., x observed rotation of nicotine at 0°), and 
that due to the ethyl tartrate would similarly be +4-135°, 7.e., 0-75169 x 5-5°. The sum 


* In the Experimental Data, when both constituents of a solution are active, observed rotations only 
are recorded. If only one constituent is active, the specific rotation is mostly recorded, as this value is 
often useful and, from it, the observed rotation can easily be calculated. 

t In order to reduce the data to the usual standards of comparison. 
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TABLE. 
(B) (C) (D) (E) (F) (G) (H) 






(A) Ethyl Ethyl Ethyl isoButyl isoButyl isoButyl ee 

Nicotine.* tartrate. racemate. i-tartrate. d-tartrate. /-tartrate. racemate. i-tartrate 

a wes 1-0212 1-2255 1-2252 — — — — — 
BP ccicthecs 0-9453 1-1249 1-1260 1-1387 1-0099 1-0099 1-0099 1-0225 





(now re- (J., 1913, 

determined) 103, 175) 

Ee — 207-1° + 55° a _ me pain a pn 
: — 195-9° + 15-75 — — + 23-56° — 23-56° — — 
(J., 1916, (assumed 

109, 1162) same as 

d-compd.) 

















Y. Z. 


Obs. rotation 
Obs. rotation (A = 5461) of 
(A = 5461) of actual mixture 










No. of bp ges (gi) in he (c.c.) in separate for total vol. A= 
solution. t. d. 10 g. of soln. 10g. ofsoln. components. showninCol.X. Z— Y. 
I 0° = 1-2125 A= 788 0-7716 — 15-98° 






B = 9-212 7-5169 + 413 
8-2885 — 11-85 


0-8336 — 16-33 
8-2080 + 12-93 


9-0416 — 3-40 - 


3-2638 — 67-59 
667 5-4403 + 2-99 


8-7041 — 64-60 


3-5259 — 69-07 
5-9404 + 9-36 


9-4663 — 59-71 


5-8940 — 122-06 j 
3-981 3-2485 + 1-79 


9-1425 — 120-27 


6-3673 — 124-73 
3-5472 + 65-59 


9-9145 — 119-14 


0-7716 — 15-98 
7-5187 0 


































































































15-98 
16-33 
0 


8-2903 


0-8336 
8-1810 


9-0146 








16-33 
67-59 
0 









3-2638 
5-4415 


8-7053 


3-5259 
5-9209 


9-4468 — 69-07 
1925, 127, 2444). 










67-59 


69-07 
0 























* From Patterson and Fulton (J. 
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TABLE (continued). 


WwW. P  # z. 

Obs. rotation 
(A = 5461) of 
actual mixture 


Obs. rotation 
(A = 5461) of 


No. of Weight (g.) in 
solution. . ° 10 g. of soln. 
VI A = 6-02 

C = 3-98 


Vol. (c.c.) in 
10 g. of soln. 


5-8951 
3°2484 


9-1435 


6-3684 
3-5346 


9-9030 


6-3681 
3-4954 





9-8635 


6-3684 
3-9409 


10-3093 


6-3686 


separate 


components. 


— 122-09° 
0 


— 122-09 
— 124-76 
0 


124-76 
124-75 
0 


— 124-75 


— 124-76 
+ 9-29 


— 115-47 
— 124-76 


for total vol. A= 
shown in Col. X. : 


— 113-6° 


3-9408 — 9-28 
10-3094 — 134-04 





6-3684 — 124-76 
0 


3-9409 
10-3093 124-76 


6-3680 124-75 
3-8927 0 


10-2607 — 124-75 — 122-4 





10-0000 + 2-4 
of the separate rotations would therefore be —11-85°. If the two solutions were now mixed, 
the volume would become 8-247 c.c., so that there is a slight contraction, which, meantime 
at least, may be neglected. The change in rotation, however, is considerable; the rotation 
of the mixed solution (—4-84°) is higher than the sum of the two separate rotations 
(—11-85°) by 7-01°. 

Data calculated in this way for three such solutions are given in the Table for 0° and 
99°,* and it will be seen from the last column that there is in all cases a considerable 
difference between the observed and the calculated values. The differences are greater 
at 0° than at 99°. We think it probable that with further increase of temperature these 
differences would fall to zero and then increase again. 

In the Table are also shown the results for three similar solutions of nicotine with 
ethyl racemate. In solution IV at 0° the rotation of 0-788 g. (= 0-771 c.c.) of nicotine 
would be, as before, —15-98°, and, the rotation of the ethyl racemate being presumably 
zero, the total rotation for a length of 82-903 mm. should be —15-98°. The actual 
rotation for 100 mm, was found to be —15-92° and therefore for 82-903 mm., —13-20°, #.e., 
2-78° higher than would be expected if the phenomenon were purely additive. Similar 
differences were found for the other solutions and temperatures. 

If it be assumed for the moment that nicotine exerts the same influence upon the 
rotation of ethyl d-tartrate as it does upon that of ethyl /-tartrate, so that the rotation 
of /-nicotine dissolved in either of them is, from experiment (IV), —13-20°, then the rotation 


* This temperature was chosen as it happened to be that for which the rotation of nicotine was 
directly observed (Patterson and Fulton, J., 1925, 127, 2444). The other data are taken mostly from 


graphs by extrapolation. 
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of the d-ester in a solution of this concentration must be +8-36°, 7.c., —4-84°, the rotation 
of I, minus that of IV. Hence nicotine appears to raise the rotation of ethyl d-tartrate 
from -+4-13° in the homogeneous condition, for the quantity now under consideration 
(1 = 75-17 mm.), to +-8-36°, under the conditions of solution IV at 0°. 

On the other hand since the observed rotation of the undiluted nicotine in IV at 0° 
is —15-98° and in the mixed solution IV it is —13-2°, ethyl racemate raises considerably 
(makes less negative) the rotation of /-nicotine. Thus the rotation of ethyl d-tartrate 
would presumably become more positive, and that of ethyl /-tartrate more negative, by 
solution in d/-nicotine, whereas the rotation of /-nicotine becomes less negative and that of 
d-nicotine would become less positive by solution in ethyl d/-tartrate. 

Since ethyl 1-tartrate is a solid of m. p. 57°, it was only possible to examine this ester in 
a solution of composition corresponding to solutions III and VI, and only to compare these 
at 99°. As is shown in the Table, solution VII, /-nicotine (6-0197 g.) in ethyl 7-tartrate 
(39803 g.) at 99°, changes its observed rotation from —124-75° to —119-7°, which is 1° 
more than the change produced by ethyl d/-tartrate (—120-7°). The influence is in the 
same direction. 

We also examined similar solutions of nicotine in isobutyl d-, /-, dl-, and #-tartrate, and 
again, since these esters are solids at room temperature, comparison of rotation values 
can only be made, directly, at higher temperatures. The data obtained are also shown in 
the Table. 

Dealing with solutions VIII, IX, and X in the same way as with I—VI, but making 
the actual comparisons at 99°, we find that: (1) in all cases there is a distinct and, since 
it is mostly suffered by the much less active constituent of the solutions, considerable 
change of rotation when the two active substances are mixed; (2) from the data for X, 
it appears that the change of rotation of nicotine owing to admixture with isobutyl racemate 
is comparatively slight, 1-8°, but, as with ethyl racemate (VI), it is again in an upward 
direction; (3) from the value for VIII (—109-2°) minus that for X (—123°), the value 
+13-8° is found as the apparent observed rotation at this concentration, for isobutyl 
d-tartrate in /-nicotine (for 103-093 mm. length of column); and similarly from [X.and 
X the value —14° for the apparent observed rotation of isobutyl /-tartrate in /-nicotine 
is found, numbers which agree as closely with each other as could be expected. Thus 
l-nicotine raises the rotation of isobutyl d-tartrate and depresses (makes more negative) 
that of the /-ester; whereas isobutyl tartrate (presumably both d- and /-) raises slightly 
(makes less negative) the rotation of /-nicotine. 

In all cases temperature-rotation curves for these solutions have been plotted and 
analysed, but the only point in regard to them that need be mentioned here is that a 
minimum rotation, which appears distinctly in the isobutyl di-tartrate solution (X) at a 
temperature of about 25°, is not quite reached in the corresponding 7-tartrate (XI) at zero, 
but clearly would appear on further cooling. 

Similar results to those given above—but using specific rotation and the temperature 

°—are obtained by the method adopted in Part XXXVI (loc. cit.). If from the present 
data for VIII the specific rotation at 0° be calculated as if the whole rotation were 
due to the isobutyl d-tartrate (p = 39-8), we find the composite value x —y = 
—104-85/(0-398 x 1-0653) = —247-3°, where x may be supposed to be the part of this 
specific rotation, due to the d-tartrate, and from IX for the /-tartrate—*—y = 
—141-45/(0-395 x 1-0658) = —333-5°. Then, by elimination, x = +43-1°. 

Similarly, from the data for the same two solutions but calculated with reference to the 
nicotine (p = 60-2), or by eliminating y in the above equations and multiplying the result 
by 39-8/60-2, we find the specific rotation of the nicotine in these solutions to be —192-0°. 
__ By extrapolation, the specific rotation of homogeneous isobutyl d-tartrate at 0° should 
be about +-15-3° (J., 1913, 108, 174; 1916, 109, 1147, 1162), so that /-nicotine appears to 
raise considerably the specific rotation of isobutyl d-tartrate, whilst, since the specific 
rotation of homogeneous /-nicotine at 0° is —198° (solution X), ssobutyl d/-tartrate appears 
to raise slightly the rotation of /-nicotine. 

Comparing VI and X at 99°, we find that ethyl racemate raises the rotation of /-nicotine 
more than does isobutyl racemate (4-1° as against 1-8°); and, from VII and XI, that ethyl 
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i-tartrate raises the rotation of /-nicotine more than does isobutyl i-tartrate (5-1° as 
compared with 2-4°). 


EXPERIMENTAL DATA. 
Wave lengths of light used : 
Ys. y. g- b. 
6234 5790 5461 4916 


Ethyl tartrate : observed rotation, a, (100 mm.). 


14-0° 16-0° 20-0° 24-8° 27-5° 
8-18° 8-57° 9-45° 10-26° 10-53° 


Ethyl tartrate and nicotine : observed rotations (100 mm.). 
d‘. 3. 1s. y. g- b. 
Solution I, Ethyl tartrate, p = 92-12; nicotine, g = 7-88. 
1-2125* — 1-18° — 2-30° — 3-97° — 5-84° 11-42° 
1-1989 — 0-12 — 1-00 — 2-35 — 4:07 8-96 
1-1675 + 0-78 + 0-24 — 0-90 — 2-32 6-83 
1-1454 + 1-58 + 1-14 + 0-15 — 1-09 4-90 
1-1215 + 2-16 + 1-82 + 0-99 — 0-06 3-47 


Solution II. Ethyl tartrate, p = 66-67; nicotine, g = 33-33. 
1:1629* — 30-41 — 36-71 — 44-79 — 52-60 — 71-14 
1-1425 — 31-24 — 37°33 — 45-47 — 53-52 — 72-04 
1-1203 — 31-41 — 37-87 — 46-17 — 54-14 — 73-01 
1-0979 — 31-65 — 38-08 — 46-35 — 54-36 — 72-91 
1-0745 — 31-64 — 38-03 — 46-22 — 54-21 _ 

Solution III, Ethyl tartrate, p = 39-81; nicotine, g = 60-19. 
1-:1089* W— 67-56 — 80-8 — 97-37 — 112-8 
1-0900 — 67-94 — 81-15 — 98-22 — 113-56 
1-0670 — 68-63 — 81-73 — 98-53 — 113-78 
1-0472 — 68-28 — 81-65 — 98-23 — 113-60 
1-0253 — 69-36 — 81-98 — 97-47 — 112-56 

Ethyl racemate and nicotine. 

Solution IV. Ethyl racemate, p = 92-12; nicotine, g = 7-88. 

ap. ry. i. y. g. g. 
{a]. a (100 


a mm.) — A 








1-2092 * —102-8° —121-6° —144-1° —167-0° —15-92° -—218-3° —306-8° 
1-1921 105-5 124-7 148-9 172-2 16-18 224-7 314-2 
1-1676 109-6 129-8 155-0 179-3 16-51 233-2 325-2 
1-1443 111-8 133-8 160-0 184-6 16-65 240-1 334-9 
1-1202 115-4 136-8 163-2 188-5 16-64 243-9 338-5 


Solution V. Ethyl racemate, p = 66-67; nicotine, g = 33-33. 
1:1635* —105-9 — 126-7 —151-4 —175-1 — 67°88 — 228-8 — 320-0 
1-145 * 111-1 131-2 156-7 180-9 69-08 236-1 330-2 
1-1346 111-6 133-2 159-4 183-8 69-48 239-4 334-9 
1-1093 116-9 138-6 164-0 189-9 70-18 247°1 344-4 
1-0783 119-9 141-4 168-0 194-3 69-85 253-4 352-6 


Solution VI. Ethyl racemate, p = 39-80; nicotine, gq = 60-20. 
1:1077* —133-4 -—1350 —161-2 -—186-2 -—124-20 —242-3 -—340:8 
1-0869 116-8 138-8 165-5 191-2 125-13 247-9 348-6 
1-0669 119-4 141-3 168-7 194-8 125-13 252-9 355-2 
1-0461 . 121-1 143-3 170-9 197-2 124-28 255-0 358-1 
1-0253 121-9 144-4 172-3 198-9 122-75 254-2 360-7 


* By extrapolation. 


Ethyl i-tartrate was prepared by Frankland and Aston’s continuous method (J., 1901, 79, 
517) from dehydrated mesotartaric acid, m. p. 143°. The ester, crystallised from carbon 
disulphide and subsequently distilled, melted at 57° with slight preliminary softening from 54°. 
Kiihn and Wagner-Jauregg give m. p. 55° (Ber., 1928, 61, 503). 

The isobutyl d-, /-, and dl-esters were prepared by the Fischer—Speier method, purified by 
crystallisation from benzene, and, finally, distillation at 5—8 mm. pressure (Patterson and 
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Lamberton, J., 1937, 1458). isoButyl i-tartrate, prepared and purified in the same manner, 
had m. p. 81—82°, b. p. 176—178°/12 mm. (Found: C, 55-3;-H, 8-5. C,,H,,0, requires 
C, 54-9; H, 85%); solubility, 17 g. of ester in 100 g. of benzene at 20°. 

Densities determined (of molten ethyl and isobutyl i-tartrates). Ethyl i-tartrate: d%?™ 
1-1783, d72*" 1-1674, d%*" 1-1586, d%®" 1-1568, d8*" 1-1499, d%*" 1-1441; whence di” = 1-1384. 
isoButyl i-tartrate : d* 1-0356, di” 1-0348, di 11-0327, di* 1-0296, d®t* 1-0258, ad?" 
1-0261, d%?*" 1-0236; whence di” = 1-0216. 


Ethyl mesotartrate and nicotine. 


Solution VII, Ethyl mesotartrate, p = 39-803; nicotine, g = 60-197. 


de. 1s. 19. y. g- g- b. 
[a]. a (100 [a]. 
A mm.). - A 

— 134-0° —124-00° —240-1° 

124-28 244-1 

124-13 
124-15 
123-43 
121-98 


Temp. 








— 338-8° 
345-0 
350-1 
354-7 
357-4 


— 185-3° 
188-5 
188-7 
192-3 
195-0 
196-8 


— 160-3° 


163-4 
166-8 
168-8 
170-6 


0° 1-1116* —113-6° 
1-0953 * 
1-0928 
1-0723 
1-0516 
1-0297 


115-8 
117-6 
119-4 
120-7 


249-6 
252-0 
253-7 


137-0 
139-5 
141-3 
142-9 


20-5 
43-4 
66-1 


isoButyl d-tartrate and nicotine. 
isoButyl d-tartrate, p = 39-800; nicotine, g = 60-200. a (100 mm.). 


g. b. 
—104-85° —137-43° 
106-18 139-08 
107-05 138-90 
107-13 139-65 
106-38 138-28 


Solution VIII. 


Temp. die. 
0° 1-0653 * 
18-4 1-0484 
42-4 1-0275 
66-5 1-0061 
90-7 0-9842 


uv. 

— 197-33° 
199-15 
199-40 
199-25 
197-33 


v;- Vo. 

— 63-30° — 74-93° 
64-23 75°88 
64-73 76-68 
64-93 76-83 
64-55 76-25 


y- 

— 90-55° 
91-68 
92-40 
92-38 
92-08 


isoButyl |-tartrate and nicotine. 
isoButy]l /-tartrate, p = 39-799; nicotine, g = 60-201. 
— 87-70 — 103-25 — 122-93 — 141-45 
87-23 102-85 122-40 140-85 
86-50 101-85 121-03 139-25 
85-13 100-15 119-20 137-13 
83-48 98-00 116-75 134-35 


a (100 mm.), 


— 181-45 — 251-68 
179-53 250-03 
178-38 247-58 
176-80 243-90 
171-68 239-65 


Solution IX. 
1-0658 * 
1-0473 
1-0258 
1-0061 
0-9862 


isoButyl racemate and nicotine. 


Solution X. 


1-0653 * 
1-0470 
1-0245 
1-0071 
0-9885 


Solution 


11. 


1s. 


y- 


&- 





—117-6° 


120-2 
122-3 
122-8 
124-0 


—139-1° 
141-9 
144-8 
145-9 
146-7 


— 166-1° 


169-2 
172-9 
174-4 
175-4 


‘ 


—191-9° 


196-0 
199-5 
201-4 
202-3 


g. 
a (1 
mm.). 


— 123-03° 


123-50 
123-05 
122-10 
120-50 


isoButyl mesotartrate and nicotine. 


XI. 
—117-6 


— 139-1 


— 166-2 


—191-9 


— 123-50 


isoButyl racemate, p = 39-8; nicotine, g = 60-2. 


[a]. 





t 


— 249-4° 
253-9 
258-4 
260-3 
261-9 


isoButyl mesotartrate, p = 39-804; nicotine, gq = 60-196. 


— 248-8 


— 350-3° 
357-2 
364-1 
366-2 
367-5 


— 351-0 


1-0680 * 
1-0518 
1-0325 
1-0107 
0-9902 


354:8 
359-7 
363-1 
364-5 


252-4 
256-0 
257-9 
259-6 


123-25 
122-75 
121-93 
119-93 


194-6 
197-4 
199-9 
201-2 


168-9 
170-9 
145-1 173-2 
145-9 174-3 


* By extrapolation. 


140-8 
143-1 


119-8 
121-2 
122-5 
123-9 
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206. The Kinetics of the Decomposition of Acetaldehyde-ammonia in 
Aqueous Acid Solution, and Some Notes on the Aldines. 


By Davip T. LEwis. 


A very pure form of acetaldehyde-ammonia can be prepared by the method of 
Aschan and Vaskio (Ber., 1915, 48, 883). It decomposes according to the unimolecular 
law when treated in aqueous solution with hydrochloric acid. The products have a 
negligible influence on the decomposition rate, though the reaction is complicated by 
the slow formation in solution of an unstable form, which is instantaneously neutralised 
by acid. The formation of this form explains the various anomalies observed by 
previous investigators during molecular-weight determinations and corroborates the 
view that acetaldehyde-ammonia in solution is not one pure substance. 

The rate of the unimolecular reaction is directly proportional to the fraction of 
stable form present in solution at the commencement of the run. 

The preparation of certain aldines is described. 


ACETALDEHYDE-AMMONIA decomposes so rapidly in the presence of hydrochloric acid that 
its purity may be determined by direct titration of known weights of the crystals in aqueous 
solution with standard acid, methyl-red being the most suitable indicator. It was observed 
that the neutralisation was not immediate, but that the red colour of the indicator slowly 
reverted to yellow in the later stages of the titration, becoming permanent only at the 
theoretical end-point. 

Hydrofluosilicic acid and its salts behave similarly (Hudleston and Bassett, J., 1921, 
119, 407; Hudleston and Rees, J., 1936, 1334), and though the entire reaction was complete 
in 1—2 minutes, the former authors investigated the kinetics of this unimolecular change 
with considerable accuracy by means of a simple apparatus. A similar apparatus was 
therefore employed to investigate the acetaldehyde-ammonia decomposition. 

Two forms of acetaldehyde-ammonia are known, the m. p.’s differing by about 10°. It 
was therefore necessary to study these two varieties before starting the kinetic work. 


Acetaldehyde-ammonia.—(1) Freshly distilled acetaldehyde (b. p. 208°) was dissolved in 
anhydrous ether and saturated with dry ammonia. The white crystals (m. p. 86—87°) were 
collected, washed with more ether, and kept in a desiccator. Known weights were titrated 
with standard hydrochloric acid, and the equivalent weight varied between 65 and 67 (Calc. : 61). 
This variation was consistently observed in more than a dozen determinations despite all pre- 
cautions to ensure the purity of the initial reagents. It was thought possible that an etherate 
might be formed, but a preparation in carbon tetrachloride as solvent gave the same compound 
(m. p. 86°; equiv., 66-25). The crystals obtained from ether become light brown in the 
course of a few hours and smell distinctly of ammonia. If exposed to the air for a day, they 
become dark brown and finally volatilise, leaving a slight gummy residue. The rather high 
equivalent weight is therefore attributed to the instability of this compound, and it is probable 
that it has a different molecular configuration from the stable form (see below). Estimation 
of the aldehyde in the unstable form also gave a low result (Found: 65-8. Calc.: 72-2%), so 
the possibility of aldehyde of crystallisation is excluded. 

(2) Aschan and Vaskio (Ber., 1915, 48, 883) obtained a form of acetaldehyde-ammonia 
(m. p. 95—97°) by adding acetaldehyde to ammonia solution (d 0-88) cooled in an ice-bath. 
In the present work, more than 30 freshly prepared samples of these crystals were analysed, 
the mean equivalent weight being 61-15, in excellent agreement with that calculated; the 
deviation never exceeded 0-3%. The m. p. was almost consistently 95°, and the crystals were 
fairly stable in air but went slightly brown after 4 or 5 days. It was therefore decided to use 
this form in the kinetic investigation. 

If either form of acetaldehyde-ammonia is left for 24 hours in a vacuum desiccator containing 
sulphuric acid, it loses the elements of water, affording white cubes (m. p. 85°), which may be 
recrystallised from ether and give an equivalent on titration of 43-1 [Calc. for (CH,;-CH:NH), : 
43-0]. Occasionally, during the taking of the m. p. of this form, the entire mass liquefied at 
about 72°, and it was suspected that another form was also being produced. Accordingly, a 
freshly prepared sample of the anhydrous form was left in a vacuum desiccator for a month. 
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The cubes crumbled to a white, neutral powder which, on exposure to air, vanished completely 
in a few seconds. 

The very unstable hydrochloride of acetaldehyde-ammonia was prepared by saturating an 
ethereal solution of the imine with hydrogen chloride; the excess of ether and hydrogen chloride 
were removed in a vacuum, the desiccator filled with dry nitrogen, and a sample removed for 
analysis in a stoppered bottle (Found: Cl, 42-3, 44-7. Calc. for CH;-CHO,NH,CI1: Cl, 44:7%). 
The existence of this compound indicates that the presence of water is essential before the acid 
can break up the acetaldehyde-ammonia molecule, for the decomposition is obviously non- 
existent in dry ether as solvent, even in the presence of excess acid. 


It has been suggested by Delépine (Ann. Reports, 1915, 83; see Abs., 1898, i, 462), and by 
Moerman (Z. Krist., 1938, 98, 447) from X-ray evidence, that acetaldehyde-ammonia is the 
trihydrate of trimethylhexahydrotriazine, the anhydrous form being formed as shown : 


[CH,-CHO,NH,], —> 
NH-CHMe NH-CHMe 


CHMeC NH,3H,0 — = 3H,0 + CHM 
NH-CHM NH-CHM 


This structure has much to commend it. For instance, Delépine obtained a trinitroso- 
derivative, and Wohler (Annalen, 1846, 61, 11), by passing hydrogen sulphide and selenide 
into solutions of acetaldehyde-ammonia, obtained the ether-soluble derivatives, thialdine 
and selenaldine, which have a ring structure corresponding to the Delépine formulation. 
Both these compounds were prepared during the present work, but the analogous tellur- 
aldine could not be prepared: it decomposed immediately, though the onion smell 
characterising the aldines was immediately discernible. Selenaldine (m. p. 108°) also 
decomposes slowly, depositing red selenium. 

The compound from propaldehyde-ammonia was also made; it was a colourless liquid 
with a pungent onion smell, immiscible with water but readily soluble in ether. Attempts 
to purify it by distillation at 20 mm., after drying over sodium sulphate, were unsuccessful, 
as it decomposed at 90° even under reduced pressure. 

All these aldines are readily decomposed by acids, giving free sulphur or its analogue, and 
many metallic salts (e.g., silver nitrate) in aqueous alcohol give precipitates of the sulphides 
or selenides. The ring structure is thus not particularly stable, though it has been verified 
for the analogous paraldehyde by parachor measurements (Sugden, “‘ The Parachor and 
Valency,” p. 45). Aschan and Vaskio (loc. cit.), on the grounds that acetaldehyde-ammonia 
should be a fairly stable substance if it possessed the ring formulation, suggested the 
following alternative scheme, their cryoscopic determinations corroborating the trimeride 
initially proposed by Delépine : 


H 

CH,-CH 

CHyCHC vCHy 

CH,CH. , 2H,0 = 3H,0 + CH,CH 
NH 


CH,°CH CH,°CH 
NH, NH, 
The doubt which thus exists regarding the true nature of this compound renders difficult 


the exact interpretation of the kinetic results, though these show clearly the cause of 
anomalies observed by previous authors who have worked with this substance. 


NH 


Kinetic Experiments.—Aldehyde-ammonia crystals (m. p. 95°) were prepared as previously 
described, washed with ether, and dried on the filter. Fresh samples were prepared for 
practically every run, and 0-1—0-2n-solutions were used for the experiments; 10 c.c. were 
placed in lightly-blown, glass bulbs, and these were placed in stout boiling-tubes containing 
various amounts of standard acid. The burette used to deliver the acid had its jet drawn out 
toacapillary. Owing to the well-known effect of acetaldehyde on rubber, the tubes were sealed 
with good-quality compressed corks, through which passed glass rods which practically touched 
the fragile bulbs. The bulbs were thus instantaneously shattered when the tubes were shaken. 


3s 
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One drop of indicator (methyl]-red, light-filtered with methylene-blue) was placed in each tube, 
all solutions being made up with freshly distilled water as this indicator is very susceptible to 
traces of bicarbonate. The reaction time was taken by means of a stop-watch. With times 
of the order of 60 secs., the intermediate colourless transition stage of the indicator was taken 
as the end-point, but with shorter times the colourless phase passed so rapidly as to escape 
observation, the green colour following almost immediately on the disappearance of the purple 
tinge characterising the acid solution. For work at 0°, the tubes were covered with finely 
crushed ice, equilibrium being reached in 2—3 hours; at higher temperatures, they were clipped 
in a vertical position in a thermostat maintained at the desired temperature. Duplicate tubes 
were used in each case, and the mean times assumed correct. With practice, it was possible 
to obtain timings agreeing to 0-2 sec., though with the longer runs, when the reactants were 
present in almost equivalent proportion, differences of seconds were observed in the duplicate 
tubes. For this reason, it was not deemed advisable to approach nearer than 10% from the 
end-point. 

The temperature rise that occurs on mixing remains practically constant in each run, and 
the temperatures given are the means within the tubes during the run. For instance, runs at 
0° showed rises of 0-7—1-0° according to the concentrations employed. The following tables 
give examples of runs performed at low and at higher temperatures, N being the volume of 
hydrochloric acid, in c.c., required by 10 c.c. of the aldehyde-ammonia solution for complete 
neutralisation, and » the volume of acid actually used in the reaction vessel. 


CH,°CHO,NH, = 0-07838n ; temp. 0-9°; CH,°CHO,NH, = 0-05954n ; temp. 17-8°; 
log N/(N — a) = 0-165. log N/(N — a) = 0-335. 
log Time, log Time, 
N, n. N/(N—n). secs. kX 105, N. n. N/(N—n). _ secs. 
19-33 12:02 00-4224 18-2 1415 21-72 21-00 1-4796. 13-0 
13-03 0-4870 21-7 1484 20-00 1-1014 8-8 
14-04 0-5628 27-6 1442 19-50 0-9905 ° 
15-05 0-6529 33-5 1462 P 19-00 0-9023 
16-06 0-7704 41-2 1470 18-50 0-8290 ° 
17-05 0-9284 51-5 1463 18-02 0-7665 . 
18-05 1-1791 75-0 1352 Mean 8748 
Mean 1441 


An attempt was also made to study the reaction by breaking bulbs of solid acetaldehyde- 
ammonia under acid to see whether a (see below) in this case would be zero. Despite the great 
rapidity of dissolution of the solid, the results obtained were generally anomalous and led to no 
definite conclusions. This wofk, however, gave good reason for believing that even the solid 
form is considerably changed in properties after 4 or 5 days. 

From aqueous solutions of both the aldehyde-ammonia forms, all attempts to isolate the 
dimeride have proved fruitless, the only products obtained by evaporation on a water-bath 
being oxypentaldin and oxytetraldin, which have been described by Wislicenus (J. pr. Chem., 
1858, 347) and von Babo (ibid., 1897, 72). 


DISCUSSION OF RESULTS. 


In the foregoing tables, the velocity constants, k, have been computed as follows. It 
is assumed that in an equivalent of N c.c. of aldehyde-ammonia, a quantity a c.c. is 
instantaneously neutralised, leaving a quantity equivalent to (N — a) c.c. of a slowly de- 
composing entity, the reaction then proceeding according to the equation 


— dx/dt = k(N — a — x) 
ttn. kt = log (N — a)/(N — n) = log N/(N — n) — log N/(N — a) 


The plot of log N/(N — nm) against ¢ is thus linear, and the intercept log N/(N — a) will 
afford a measure of the fraction of total concentration which is neutralised instantaneously, 
1.e., the concentration of the unstable form. The kinetic work thus establishes the existence 
of at least two forms in solution, which explains the low values obtained by Delépine and 
by Aschan and Vaskio for the trimeride molecular weight determined cryoscopically in 
aqueous solution. The latter authors also found that if their solutions were left for a day 
or so, the experimental molecular weight slowly fell, and they suggested a gradual change 
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to dimeride. The accompanying graph shows runs which were performed with the same 
aldehyde-ammonia solution on three successive days. The intercept is seen to increase 
gradually to an equilibrium value showing that at 0° about 50% of the aldehyde-ammonia 
is in the unstable form. The slope k is seen to decrease simultaneously. For this reason, 
it was not possible, except by chance, to duplicate any run; but the relation between the 
intercept and the slope was found to be perfectly general over a varied range of 
concentrations. This is revealed by the collected data (below), where X represents the 
normality of the aldehyde-ammonia solution used. 

It will be seen that the velocity constant rises regularly as the intercept falls. Runs 7 
and 8 were carried out in the presence of N/10-ammonium chloride and 1% acetaldehyde 
respectively, and the results are so consistent with the others that it must be concluded 
that the products of the reaction exert a minor effect on the rate. Runs 14—-18 were at 
higher temperatures, where the difficulties of 
working are much increased. I 

In the final column of the following 
tables, it is shown that the productkN/(N—a) 9. 
is practically constant for all the runs. This 
could be predicted from a kinetic equation of gg} 
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the form 
—dz/dt =AJ(N —a)/NIN-—a-x]= od 
ki f(N — a — x) 
1.€., [(N bie a)|N)kyt — ‘Rost 
log N/(N — n) — log N/(N — a) = 
This equation is similar to that employed os} 
by Henry and Collan (Z. physikal. Chem., S& 


1892, 10, 96) in their study of the acid p4 
hydrolysis of esters, where f represented 
the fraction of acid in the ionic form; 7%.e., os 
— dx/dt = fk(a — x)?. | ° tee. Bay 
The following experimental data show > 3rd Day 
conclusively that the rate of the unimolecular °4 
decomposition is determined by the extent 
to which the slow change in solution has %| 
proceeded, the addition of acid removing one 
of the forms. It is true that, on distillation vA ae 
of aldehyde-ammonia with acid, free aldehyde Time, seconds. 
is obtained, but whether, in dilute solution, 
the addition of acid yields ammonium chloride or a complex acetaldehyde-ammonium ion 
is uncertain, and until the true nature of the ionic or molecular species involved is estab- 
lished, the kinetic interpretation must remain speculative. The only conclusions which 





log N/(N-a) 








50 60 70 


Run. N, cc. pa log N/(N — a). k x 104, Temp. 104*2N/(N — a). 
l 21-50 0-09057 0-470 69 0-9° 203-7 
2 21-82 0-09747 0-380 85 1-0 203-9 
3 19-33 0-07838 0-340 95 0-9 207-8 
4 16-20 - 0-07240 0-265 110 0-7 202-5 
5 15-48 0-03955 0-260 101 0-6 182-0 
6 18-00 0-04950 0-250 103 0-6 183-1 
7 17-90 0-07276 0-240 122 0-9 212-0 
8 17-08 0-07628 0-230 124 0-9 210-6 
9 16-20 0-07236 0-200 152 l-l 225-6 

10 21-82 0-09747 0-192 145 1-0 225-6 
ll 19-33 0-07838 0-165 144 0-9 210-6 
12 18-28 0-07700 0-150 152 1-0 213-8 
13 12-10 0-07240 0-146 160 1-0 223-9 
14 21-72 0-05954 0-335 875 17-8 1891 
15 14-58 0-03996 0-905 245 17°8 1969 
16 22-30 0-09396 0-480 845 17-9 2550 
17 15-22 0-06403 0-430 900 17°8 2422 
18 22-18 0-08887 0-450 910 17-7 2564 
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can now be drawn are that the decomposition follows the unimolecular law, the observed 
rate being a function of f = (N —a)/N, which represents the fraction of stable form 
present at the beginning of any run. Various runs were also taken with the form obtained 
from ether. The decomposition appeared similar, but the kinetic graphs invariably 
exhibited curvature and it was impossible to derive any general relation from work with 


this substance. 
(Received, March 16th, 1939.] 





207. Complex Formation between Polynitro-compounds and Aromatic 
Hydrocarbons and Bases. Part VIII. Interaction and Colour in 
Systems containing Methyl 4:6: 4’: 6’-Tetranitrodiphenate and 
Various Hydrocarbons. 

By D. Li. HAmmick and G. SIXsMITH. 


Methyl 4 : 6: 4’ : 6’-tetranitrodiphenate interacts in the liquid phase with aromatic 
hydrocarbons always with the production of colour. In many cases solid complexes 
(of composition 2 mols. of nitro-ester to 1 mol. of hydrocarbon) can be obtained from 
the coloured liquids. In several cases, however, no solid complexes can be obtained, 
and in two of them it is shown that the liquid components either tend to separate 
(toluene) into coloured liquid layers or actually do separate (mesitylene). 


POLYNITRO-COMPOUNDs interact in the liquid phase with aromatic and unsaturated hydro- 
carbons, generally with the production of colour. This effect has been taken as indicating 
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Q Toluene. 


























ae 0-4 06, 08 70 
Molar fraction of methyl 4:6:4':6-tetranitrodiphenate. 


that the interaction giving rise to it is chemical (involving the breaking and making of co- 
valent linkages) as distinct from physical (dipole association) (Werner, Ber., 1909, 42, 
4334; Pfeiffer, Annalen, 1924, 440, 256; Bennett and Willis, J., 1929, 256; Moore, 


Shepherd, and Goodall, J., 1931, 1447). 
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In the present communication it is shown that the interaction of methyl 4 : 6 : 4’ : 6’- 
tetranitrodiphenate with various aromatic hydrocarbons takes place with the production 
of colour even when it is apparent that the van der Waals forces between like molecules in 
the systems are less than those between unlike (separation into two liquid layers). The 
ester is a very pale yellow solid and its solution in carbon tetrachloride is nearly colourless. 
When, however, any one of numerous aromatic hydrocarbons is added to the solution, a 
coloration ranging from lemon-yellow to orange according to the hydrocarbon is produced. 
Determinations of temperatures of solid—liquid equilibria in the two-component systems 
containing nitro-ester and aromatic hydrocarbon show that, whereas benzene, the xylenes, 
naphthalene, and acenaphthene can form stable solid complexes with the nitro-compound, 
toluene, mesitylene, and dipheny] do not, even though the liquid phases are coloured. It was 
moreover found that the shape of the “‘ melting-point ’’ curve for toluene and the nitro-ester 
is of the type associated with components which in the liquid phase tend to separate into 
two liquid layers (Sidgwick, ‘‘ The Electronic Theory of Valency,”’ p. 144), and actual 
separation was observed in the metastable region below the temperatures of solid—liquid 
equilibrium in systems containing mesitylene (see figure). From these facts we conclude 
that if the coiour in the partially miscible phases is due to chemical interaction as distinct 
from electrical polarisation, the amount of such intefaction must be small. 

On p. 974 will be found a list of the solid complexes, with their m. p.’s, which we have 
obtained either as solid phases in two-component systems or by crystallising methyl 
4:6: 4’: 6’-tetranitrodiphenate from methyl alcohol in the presence of the appropriate 
hydrocarbon. We have recorded those aromatic hydrocarbons which do not give solid 
complexes under the same conditions as the others. In all cases, whether solid complexes 
could be obtained or not, the liquid phases were coloured. It may also be noted (i) that 
the compositions of the solid complexes are all 2 molecules of nitro-ester to 1 of hydro- 
carbon, except in the case of acenaphthene where the ratio is 1:1; (ii) that the solids are 
all very pale yellow except the 1 : 1 acenaphthene complex, which is deep yellow. 


EXPERIMENTAL. 


(1) Solid—liquid Equilibria.—The temperatures at which liquid phases of known composition 
were in equilibrium with solid phases were determined by the “‘ synthetic ’’ method. Weighed 
quantities of methyl 4 : 6: 4’ : 6’-tetranitrodiphenate, m. p. 176-1° (corr.) (Ullmann and Engi, 
Annalen, 1909, 366, 79, give m. p. 175°), were introduced into glass bulb-tubes with weighed 
amounts of purified hydrocarbon, and sealed. The tubes were heated, with shaking, in a paraf- 
fin-bath until a homogeneous liquid was obtained, and then allowed to cool until crystallisation 


Benzene : 
00612 0-192 0-332 0-336 0-455 0-535 0-567 0-685 0-848 1-000 
127° 141-5° 149-5° 150° 154° 155-5° +=156-5° =—s:160-5°—s«172-5° 176° 


0-086 0-160 0-226 0-260 0-329 0-377 0-410 0-450 0-550 0-667 0-720 0-835 1-000 
135° 141° 147° 149° 152° 153° 152-5° 153-5° 155-5° 158° 161° 167° 176° 


0-157 0-236 0-332 0-418 0-485 0-574 0-604 0-670 0-710 0-802 1-000 
150-5° 156° 159° 162-5° 164° 165° 165-5° 170° 172° 174-5° 176° 


0-141 0-301 0-403 0-539 0-570 0-622 0-666 0-720 0-855 1-000 
136° 151° 155:5° 159° 159-5° 160° 160° 162-5° 171-5° 176° 


0-164 0-205 0-250 0-359 0-381 0-500 0-595 0-635 0-705 0-825 1-000 
137-5° 140-5° 144° 153° 154° 159° 162-5° 163-5° 169° 174-5° 176° 


Mesitylene : 
(i) Solid-liquid (top part of figure). 
0-132 0-167 0-253 0-332 0-392 0-402 
152° 155° 157° 157° 157° 
0-455 0-470 0-735 0-902 1-000 
157-5° 164° 170-8° 176° 
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set in. The bath was then slowly heated, and the temperature noted at which the last minute 
crystal disappeared. The preceding data were obtained and plotted in the figure (NV = molar 
fraction of nitro-ester, T° = equilibrium temperature), 

(ii) Liquid—liquid (bottom part of figure). (Temperatures of liquid-liquid equilibria were 
found by allowing homogeneous liquid mixtures of the components in the usual sealed tubes 
to cool below the temperatures of solid—liquid equilibria without agitation. The temperatures 
at which opacity, due to the separation of minute drops of a second liquid phase, appeared on 
cooling and disappeared on heating were averaged and are given below.) 


0-167 0-253 0-281 0-290 0-332 0-392 0402 0-425 0-455 0-470 
44° 46° 47-5° 48° 45-5° 445° 41-5° 38° 36° 


As the plot of these data in the figure shows, the critical solution temperature is ca. 48°, at the 
composition N = 0-33 of nitro-ester. 


Diphenyl : 
0-440 0-521 0-585 0-608 0-730 0-771 0-802 0-907 1-000 
143-5° —-153°—s«2158-5°—s«160-5°—s«168°) =—s_« 168-5°—s«170-5°—s«d174°—s«1:76° 


0-290 0-350 0-495 0-600 0-652 0-701 0-785 0-920 1-000 
156° 159° 165° 168-5° 169° 168-5° 169° 0-175° 176° 


The temperature—composition curves for the systems containing nitro-ester and (i) toluene, 
(ii) mesitylene, are plotted in the figure. The data for the other hydrocarbon systems when 
plotted show either congruent m. p.’s at the composition 2 nitro-ester: 1 hydrocarbon (m- 
xylene, naphthalene), or non-congruent curves clearly tending to maxima at that composition 
(benzene, o- and p-xylenes), or no indication of the existence of stable solid complexes at the 
temperatures of the equilibria (toluene, mesitylene, dipheny)). 

A number of solid complexes were obtained by crystallising mixtures of nitro-ester (1 mol.) 
and hydrocarbon (4 mols.) from pure methyl alcohol. In all cases where solid complexes were 
obtained, they had the above composition, except that the complex with acenaphthene had the 
composition 1:1. The compositions were determined by analysis either by combustion (marked 
C in the table below) or by means of standard titanous chloride solution (marked T in the table). 
Data derived from equilibria data are marked E. 


Composition M. P. Composition M. p. 
(ester : hydro- fe) (ester: hydro- of 
Hydrocarbon. carbon). complex. Hydrocarbon. carbon). complex. 
Benzene 2:1 (E) 156° * pp’-Ditolyl | 
Toluene No complex (E) — Diphenylmethane No complex — 
2:1(E 165 * Triphenylmethane from MeOH 
160 Hexamethylbenzene ... 
: 164 * Indene 
esitylene No complex (E) — Nitrobenzene 
Diphenyl No complex (E) — m-Dinitrobenzene 
Naphthalene 2:1 (E) 167-5 s-Trinitrobenzene 
Anthracene : 164 a-Nitronaphthalene 
Acenaphthene : 163 oo’-Dinitrodiphenyl .,. 
pp’-Dinitrodiphenyl ... No complex 
from MeOH 


* Incongruent m. p. 
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208. Higher Aliphatic Compounds. Part VIII. Purification of Oleic 
and Elaidic Acids. Binary Systems from Oleic, Elaidic, Palmitic, 
and Stearic Acids. The Technique of Low-temperature Crystallisation. 


By J. C. SMITH. 


Oleic and elaidic acids (cis- and trans-CH,*[CH,],°CH:CH-[CH,],-CO,H) have been 
carefully purified and tested; the difficulty of eliminating stearic acid is demonstrated. 
The technique of filtration at low temperatures is described, and the methods are 
applicable to the crystallisation of other low-melting substances. 





[1939] Purification of Oleic and Elaidic Acids. 975 


From an examination of the binary system it is concluded that considerations of 
symmetry reduce the tendency to form mixed compounds of the type elaidic acid- 
palmitic acid. 


DESPITE the importance of oleic acid and the large number of measurements which have 
been made on the acid, it is unlikely that any specimen of above 99% purity has been 
prepared. Anextended study of methods of purification was made by Lapworth, Pearson, 
and Mottram (Biochem. J., 1925, 19, 7) and important contributions have been made by 
Robinson and Robinson (J., 1925, 127, 175), Holde and Gorgas (Z. angew. Chem., 1926, 
39, 1443), Bertram (Rec. Trav. chim., 1927, 46, 397), Raymond (Chim. et Ind., 1929, Special 
Number, p. 523), Skellon (J. Soc. Chem. Ind., 1931, 50, 131T), and Keffler and McLean (zb7d., 
1935, 54, 178T, 362T). The procedure of Brown and Shinowara (J. Amer. Chem. Soc., 
1937, 59, 6) for removing saturated acids is a great advance on the older methods; by 
fractional crystallisation from acetone of crude oleic acid they obtained specimens which, 
judged by the m. p.’s, reached 97—98% of oleic acid. 

In the present investigation methyl oleate was fractionally distilled at low pressure 
through an efficient column. This removed most of the palmitate and some of the stearate 
(the linoleate and linolenate were not separable from the oleate by distillation) and the 
regenerated acid was crystallised by Brown and Shinowara’s method to constant m. p. 
It is possible that mere crystallisation of crude oleic acid from acetone at various tem- 
peratures may yield pure oleic acid in some cases, but a preliminary esterification and 
fractional distillation is generally recommended. In view of the claims so frequently 
made for the purity of oleic acid specimens, it was thought desirable to apply stringent 
tests. The iodine value when determined with suitable precautions was easily reproducible 
and indicated less than 0-5% of saturated acids. (The ease with which the polyethenoid 
acids were removed in the crystallisation from acetone left no doubt of their absence from 
the final product.) That the oleic acid contained less than 0-2% of palmitic acid was 
clearly shown by catalytic reduction to stearic acid of high m. p. 

There is yet no really satisfactory way of detecting stearic acid when only 1% is present ; 
oxidation of the oleic acid to dihydroxystearic acid while the stearic acid remains unchanged 
(Robinson and Robinson, loc. cit.; Lapworth and Mottram, J., 1925, 127, 1628) is the best 
available method. In this case oxidation failed to show definitely the presence of stearic 
acid and indicated that not more than 1% could have been present. 

From the data available for comparison, this oleic acid of («) f. p. 13-34°, m. p. 13-36° 
+ 0-04°, (8) m. p. 16-25° appears to be the best so far obtained; Bertram’s product had 
f. p. 13-2°, and Brown and Shinowara’s f. p. 13-0°. Unfortunately, many authors have 
recorded m. p.’s correct only to + 1°; when it is realised that 1% of stearic acid lowers 
the m. p. of oleic acid by only 0-13°, the necessity for taking the f. p. or m. p. with the 
thermometer in the liquid and correct to + 0-05° is obvious. 

Elaidic Acid.—Isomerisation of oleic acid with nitrous acid gave a mixture containing 
approximately 65% of elaidic acid (the ¢rans-isomeride), in agreement with Griffiths and 
Hilditch (J., 1932, 2315). Elaidic acid, because of its high m. p., is easily separated from 
linoleic and linolenic acids, but stearic acid is a very persistent impurity; 1% of stearic 
acid, moreover, lowers the m. p. by only 0-1°. 

Dr. S. H. Piper, who kindly examined the purest specimen of elaidic acid, reported that 
it had an X-ray spacing at room temperature of 48-95 A., which corresponds to a double 
molecule with a ‘‘ vertical chain.”” The longest spacing observed for stearic acid is 46-2 A. 
(Piper, private communication), and is that of a metastable form. 

Binary Systems.—The binary systems of mixtures of saturated and unsaturated acids 
have been examined because of their usefulness for analysis and in the hope of obtaining 
information on compound formation. 

The systems are all of the eutectic type, and in the oleic-stearic system the eutectic 
is reached at 2—3% of stearic acid. None of the systems (nor the oleic-elaidic system, 
Griffiths and Hilditch, loc. cit.) gives in the liquidus curve any indication of compound 
formation such as is almost always found in mixtures of long-chain saturated acids (see 
Part VI, J., 1936, 625). It was not expected that oleic acid would readily yield com- 
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pounds, but elaidic acid because of its higher m. p. and because of the shape of the ¢rans- 
chain (see Marsden and Rideal, J., 1938, 1165) might more easily combine with palmitic 
or stearic acid. For this reason the thaw point method of Rheinboldt and Kirscheisen 
(J. pr. Chem., 1926, 118, 348), which is useful in detecting compound formation in aromatic 
systems, was applied to various mixtures of elaidic and palmitic acids; the results indicated 
a very small proportion of an equimolecular compound. 

The behaviour of oleic acid in solution shows that it is less completely associated than 
stearic acid (Robertson, J., 1903, 88, 1425; Brocklesby, Canadian J. Res., 1936, 14, B, 
222); on the other hand, the X-ray measurements of elaidic acid crystals certainly show 
that the units are double molecules, as are those of palmitic and stearic acids. The reason 
why very few mixed double molecules crystallise as a compound is probably to be found 
in the lack of symmetry of a mixed molecule containing one “ bent ’”’ methylene chain. 


EXPERIMENTAL. . 

Distillation of Oleic Acid.—The oleic acid (“ reinst ”) of Messrs. Fraenkel and Landau had 
iodine value (I.V.) 90-4 (Hanus; theory, 90-0) and m. p. 9-2° (thermometer in the liquid). 
The methyl ester from this acid was distilled from a Claisen flask at 0-6 mm., and an almost 
colourless distillate obtained. This methyl ester (680 c.c.) was then distilled through a 60-cm. 
column of Raschig rings (Part I, J., 1931, 804): the fractionation is summarised in Table I. 


TABLE I. 
Me Oleate (680 c.c.) 





| 
A,, 540 c.c. 
Acid, m. p. 10-5°, 
L.V. 93-5 


510 ae of A, 





| | 
Y B,, 280 c.c. B,, 70 c.c. B,, 4 C.c. 


B, B CL. 
/0-6 mm. B. p. 158—162°/0-6 mm. B. p. 162°/0-6mm. Residue 


, 80 c.c. 2 
B. p. 140—160°/0-6 Bz. p. 162 
mm. Acid, m. p. 10—15°, Acid, m. p. 11-3°, Acid. m. p. 11—22°, 
1.V. 90-0 LV. 95-6 LV. 94-1 


246 “ of B, 


| 
; 





| | | 
C,, 65 c.c. C,, 106 c.c. C,, 70 c.c. 
B, p. 150—153°/0-1 mm. B. p. 152—154°/0-1 mm. B. p. 153—155°/0-2 mm. 
Acid, m. p. 11-6°, 1.V. 93-8 


| Cryst. from acetone 
M. p. 13-0°, I.V. 88-2 
| Cryst. from acetone 





at | — 45° 
M. p. 13-30°, I.V. 89-6 


Cryst. from acetone 





at | —25° at | — 50° 
M. p. 13-36° M. p. 13-36°, I.V. 89-9 


Portions of the fractions were hydrolysed, and the resulting specimens of oleic acid were tested 
(m. p. and iodine value). 

Fraction A, obviously contained much palmitic acid, and A, much stearic acid. Most of 
the main fraction (A,) was redistilled in the same apparatus, and fractions B, to B, were col- 
lected. B, yielded an acid melting indefinitely from 10° to 15° and appeared to contain some 
palmitic acid; similarly B, contained stearic acid. The presence of saturated acids is not 
indicated by the m. p. in the acid obtained from B, or A, or in the original oleic acid because 
a mixture of saturated acids has much less effect in raising the m. p. of oleic acid than has either 
of the pure saturated acids. 
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B, appeared to be a mixture of methyl oleate with more highly unsaturated esters and with 
small amounts of palmitic and stearic acids. (The presence of the saturated acid was shown 
by acetone crystallisation of a portion of hydrolysed B;.) When B, was redistilled with re- 
jection of large head and tail fractions, the main fraction (C,) yielded an acid still of low m. p. 
and high I.V. (93-8). It was obvious that even with an efficient column the separation of 
oleates from linoleates and linolenates was almost impossible. Subsequent crystallisation 
from acetone showed also the presence of saturated acid in C,, so distillation alone is not a 
satisfactory method of purification of oleic acid. 

Low-temperature Crystallisation.—Bertram (loc. cit.) crystallised partly purified oleic acid 
from acetone at — 15°, and Raymond (loc. cit.) similarly used alcohol and described a piston- 
filter. Brown and Shinowara (ioc. cit.) made a study of the crystallisation of crude oleic acid 
from acetone at various temperatures. The technique of low-temperature crystallisation 
developed by the author during the last 15 years seems 
worth describing, especially as methods of filtration seem 
to have given trouble in some laboratories. 

f For very small quantities (up to 50 c.c. of 
solution and 2 g. of precipitate), a conical filter with a 


sintered-glass plate may be used. A cold jacket is 

made by cutting the whole stem off a plain glass funnel a 
which is then fixed with a short rubber stopper or ring | Receiver 
to the stem of the filter. The jacket is partly filled with ry 

the liquid used for cooling the solution, and the filter Si 


(covered with a watch glass to exclude moisture) is 
connected to a filter flask. 


(ii) For filtration at — 75° of quantities up to 8 g. 
of precipitate and 100 c.c. of solution, a Jena-glass 
filter (Biichner type, 40 mm. plate, 60 c.c. capacity, No. 


11 G. 1) is kept in a wide-top Dewar vessel (Thermos 
1-pint fruit jar) with carbon dioxide-alcohol (see Fig. 1). 
The filter has the stem bent through 180°, and a piece of 
Jena glass tube bent at right angles is sealed on (or 
attached with rubber) in order to lead horizontally to the 
receiver andthe pump. A glass stopper fitting the funnel 
closely is useful for pressing out the solvent and for 
keeping moist air away from the filter plate. This filter 
and stopper are left for at least 15 mins. in the cooling 
mixture while the solution in a 100-c.c. conical flask is being cooled to — 75° in a second Dewar 
vessel (15—30 mins. with occasional shaking). Gloves and cloths must of course be used in 
handling the cold vessels. When the crystals cease forming in the solution and the temperature 
is steady at — 75° (toluene thermometer), the receiver is connected to the cold filter, the pump 
is turned on, and the well-shaken mixture poured into the filter, the crystals being pressed 
with the cold stopper. The solid is then transferred with the aid of a cold spatula to a thin- 
walled glass funnel and allowed to melt into a 100-c.c. conical flask; warm solvent is poured 
into the Jena filter to remove any solid and then allowed to run over the melting crystals so 
that a solution is made up for a second crystallisation. Finally, the residual solvent is removed 
from the crystals by melting and heating in a vacuum, or by distillation. 

(iii) For larger quantities than 10 g. of solid, and when temperatures not so low as — 60° 
to — 80° are desired (impurities are often too sparingly soluble at — 80°), a low-temperature 
bath is convenient; it has another advantage in that the temperature can be lowered slowly 
when large crystals are desired. A 5-litre jar containing about 1 litre of methylated spirit is 
placed on cardboard resting on a block of solid carbon dioxide, the whole being surrounded by 
an insulated container. By adjusting the thickness of the materials under and around the jar, 
temperatures from — 20° to — 60° can readily be maintained to within 5—10°. The solution 
and the sintered-glass Biichner funnel can be simultaneously cooled in this alcohol-bath; if 
necessary, the alcohol is washed off the filter with some of the same solvent (cold) as is used for 
the crystallisation. The filter is then attached to the filter flask (which need not be cooled) 
and the filtration carried out quickly, the crystals being pressed with a cold stopper. Acetone 
has proved the best solvent in nearly every case. 

Crystallisation of Oleic Acid.—A solution of the acid (30 g., m. p. 11-6°, I.V. 93-8) in acetone 
(360 c.c.) was left for 12 hours at — 30° in the cooling bath. The copious precipitate was readily 
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separated from the liquid and had m. p. 13-0°, I.V. 88-2 (theory 90-0); the whole precipitate 
was then dissolved in acetone (200 c.c.), and the solution cooled to — 20° with frequent stirring. 
After having stood for 20 mins., the fine precipitate (4 g., m. p. 29°) was removed. The filtrate 
on cooling to — 45° for 8 hours deposited oleic acid of m. p. 13-30°, changing to B-form, m. p. 
16-18°, I.V. 89-6. A solution of this product in acetone (200 c.c.), cooled to — 25° with stirring, 
deposited 6 g. of crystals, m. p. 13-36°, and the filtrate after 3 hours at — 40° to — 50° gave 
9 g., m. p. 13-36°, I.V. 89-9, 89-8; M, 282. Further crystallisation from ether, ethyl acetate, 
or hexane failed to change the m. p. of this oleic acid, the final values being f. p. 13-34°, m. p. 
13-36° (a) and m. p. 16-25° (8); I.V. 89-8 and 90-0 + 0-4; nj” 1-4597, ni 1-4616. 

Other experiments showed that oleic acid, m. p. 11-0—11-6° after 3 crystallisations from 
acetone and 1 elimination of saturated acids, gave 50—60% yields of pure oleic acid; thus an 
acid corresponding to that from Fraction A, (Table I) readily gave oleic acid of f. p. 13°34°. 
But the crude oleic acid, m. p. 9-2°, if not esterified and distilled, gave only a 40% yield of acid, 
m. p. 130°. Brown and Shinowara’s specimens also melted at 13-0°. 

Even the purest oleic acid oxidises on standing in corked vessels, and the m. p. falls about 
0-1° per month. Also, water is absorbed, and on distillation of old specimens there is a partial 
recovery inm. p. If the acid is kept solid in a refrigerator there is little change of m. p., Wut it 
is preferable to seal it in evacuated tubes. 

Estimation of Saturated Acids.—Iodine numbers. Estimation of the residual fatty acids in 
oleic acid is difficult when these amount to less than 1%. In determinations of the iodine 
value there is usually an error of + 0-5%, partly due to the physical properties of iodine chloride 
or bromide solutions (compare Keffler and Maiden, J. Soc. Chem: Ind., 1933, 52, 2421). By 
working at 16° and checking the volume of the added iodine bromide solution (Hanus) by 
weighing, values consistent to + 0:2% were obtained. 

Catalytic reduction. An experiment with hydrogen at 1 atm. in presence of palladium— 
barium sulphate showed that approximately 97% of the calculated quantity of hydrogen was 
absorbed by oleic acid in hexane solution in 4 hours, and 99% in 8 hours, but that the volume 
of hydrogen could not be accurately measured, Reduction in hexane solution was slow, but 
the product was more likely to be free from by-products than if other solvents were used. 

Oleic acid (3-0 g., m. p. 13-36°) in hexane (60 c.c.) was shaken for 30 hours with hydrogen 
(4 atm.) in presence of the catalyst (from 0-25 g. of palladium chloride and 3 g. of barium 
sulphate). The main product had m. p. 69°58° : pure stearic acid has m. p. 69-62° +0-05° 
(Part VII, this vol., p. 615) and the m. p. is lowered by 0-24° by 1% of palmitic acid. On 
complete evaporation of the filtrate, a slightly yellow residue (0-11 g.) was obtained. This 
melted at 67-2—67-6° and was unsaturated to warm permanganate solution; on further re- 
duction this gave 0-08 g., m. p. 68-3°. Even if the impurity causing the depression of 1-3° 
in the m. p. was all palmitic acid, only 6% could have been present, corresponding to 0-2% in 
the 3 g. of oleic acid reduced. 

Oxidation of Oleic Acid.—The conditions used by Lapworth and Mottram (loc. cit.; compare 
Robinson and Robinson, Joc. cit.) for conversion of oleic into dihydroxystearic acid were slightly 
modified. Oleic acid (4-00 g., m. p. 13-36°), dissolved in a solution of sodium hydroxide (4-0 g.) 
in water (350 c.c.), gave a clear solution on dilution with water (21.). Potassium permanganate 
solution (400 c.c. of 1%) was stirred in, and oxidation proceeded at 9° for 16 minutes, After 
sulphur dioxide had been passed in and concentrated hydrochloric acid (30 c.c.) added, the 
precipitate floated on a clear liquid which was siphoned away. The precipitate, collected on 
a tared filter, washed well with water, and dried in high vacuum over calcium chloride for 
5 days (weight constant after 2 days), weighed 4-48 g., m. p. 126—128° (theory for dihydroxy- 
stearic acid, 4:48 g., m. p. 132°), but was not homogeneous. 

In order to remove the impurity, the solid was boiled for 4 hour with two lots of light 
petroleum (50 c.c., b. p. 100—120°) and then melted at 130—131-5°. The extracts were cooled 
to 30°, filtered, and the filtrate worked up as described by Lapworth and Mottram. The residue 
(0-202 g., m. p. 30—46°, unsaturated to permanganate) was dissolved in sodium hydroxide 
solution (30 c.c.). This solution was diluted to 200 c.c. and oxidised at 10° with permanganate 
(25 c.c. of 1% solution). The product (m. p, 110—123° after drying in a vacuum) on extraction 
with hot light petroleum yielded 0-05 g. of an intractable mixture, m. p. 40—75°. Some keto- 
hydroxy-acid may have been present (compare King, J., 1936, 1788). Even if the mixture 
contained 50% of stearic acid, only 0-6% of stearic acid would have been present in the oleic 
acid. 

Polymorphism.—Oleic acid crystallises first in the form with f. p. 13-36°, and this on keeping 
may change into the slowly crystallising, stable form, m. p. 16-25° (17° in a capillary tube). 
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Kirschner (Z. physikal. Chem., 1912, 70, 759) gives m. p. 16°, These forms are quite definite 
and have been recorded by most observers. Lapworth, Pearson, and Mottram (loc. cit.) state 
that a specimen of original m. p. 12-04°, after some months in winter, had m. p. 17-45°, and that 
one of f. p. 12-8° changed to m. p. 17° after some days. An acid of original m. p. 12-04° is near 
the eutectic of the palmitic—oleic system, and the 17-45° observed may represent the m. p. 
(on the palmitic branch of the system) of a mixture containing 4—6% of saturated acid. The 
other specimen of f. p. 12-8° probably changed into the stable form, m. p. 17° (in a capillary 
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tube). In the present research some inconclusive evidence has been obtained of the existence 


of a form of m. p. 18—19°. 

Elaidic Acid.—Isomerisation of oleic acid by nitric acid and sodium nitrite (Rankoff, Ber., 
1931, 64, 619) gave a solid product which on purification, finally by crystallisation from alcohol 
at — 5°, had m. p. 43-68° + 0-05° (in a capillary tube, 43-5—44-5°), unchanged by crystallisation 
from hexane. Marsden and Rideal (Joc. cit.) give m. p. 43-6° + 0-2°. If impure oleic acid is 
used it is difficult, especially in small-scale preparations, to free the product from stearic acid. 
The best product obtainable from oleic acid, m. p. 13-17°, melted at 43-56°. 

Elaidic acid changes very little on standing : a specimen after 6 months in a loosely-corked 
tube showed a fall in m. p. of only 0-05°. 

Binary Systems (see Fig. 2).—Although pure oleic and pure palmitic acids crystallise readily, 
and the f. p.’s are within 0-03° of the m. p.’s, mixtures of the two acids crystallise slowly and 
the f. p. varies with the conditions. Satisfactory m. p.’s (clearing points) can usually be obtained 
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in the Beckmann apparatus with the bath 1—2° above the temperature of the melt. On the 
oleic side of the system, the higher-melting form can be obtained either by seeding or by keeping 
the mixture just above the first m. p. for some time. Between 96% and 90% of oleic acid even 
the clearing points are indefinite; from 50% up to 100% of palmitic acid the crystals change 
gradually from a fine powder to large plates. 

In the oleic—stearic system there is an indefinite portion between 98% and 93% of oleic acid, 
and in the elaidic—palmitic system between 74% and 66% of elaidic acid; mixtures of elaidic 
and stearic acid give the sharpest m. p.’s. 

For the thaw-point determinations on mixtures of elaidic and palmitic acids, 0-1—0-2 g. 
of mixture was made for each composition. The acids were carefully melted together, the liquid 
stirred while cooling, and the resultant solid powdered. This powder was immediately intro- 
duced into a 1-5-mm. tube, tapped down with a rod, and the thaw-point taken as described by 


Rheinboldt and Kirscheisen (loc. cit.). 


Oleic Acid—Palmitic. Acid. 


M. p. 
Oleic acid, A Oleic acid, Oleic acid, 


_— 


mols. %. a. mols. %. 
100 13-36° 91-4° 
99-0 13-08 88-3 
98-0 12-83 84-3 
96-7 12-60 78-3 
96-0 12-37 67-4 
95-0 12-15—12-3—16* — 59-3 
94-0 12-1, 16—19* — 53-1 50-25 
93-2 18* — 
Eutectic, 94—95% oleic acid, 12-1°. 
* Indefinite. 





Oleic Acid—Stearic Acid. 


Oleic acid, Oleic acid, Oleic acid, 
mols. %. M. p. mols. %. M. p. mols. %. 
100 13-36° 95-2 30-2° 82-3 
98-9 13-20 92-8 34-5 72-9 
97-7 13-10 and 23-8 87-1 41-6 62-5 

96-45 13-10 and 27-4 


Elaidic Acid—Palmitic Acid. 


Elaidic Elaidic Elaidic Elaidic 
acid, acid, acid, i acid, 
mols. %. M.p. mols.%. M.p. mols. %. M. p. mols. %. M.p. mols. %. M. p. 
100 43-68° 80-0 40-15° 70-8 40-2—42-0°* 49-6 51-0° 20-15 58-75° 
98-0 43-37 78-0 39°85 66-2 44-4* 46-35 52-1 10-95 60-6 
94-6 42-7 75°85 39°55 57-7 48-2 39-4 54-05 2-6 62-2 
89-3 42-0 74-0 39-0—40-7* 52-5 49-8 30:05 56-4 0-0 62-76 
84-3 41-15 
e ~* Indefinite. 


Elaidic Acid—Palmitic Acid. 


Elaidic Elaidic Elaidic Elaidic 
acid, Thaw acid, Thaw acid, Thaw acid, 
mols. %. point. mols. %. point. mols. %. point. mols. %. 
14-3 48-0° 45-0 34-2° 50-5 35-1° 54-2 
25-0 35-4 48-0 34-6 51-0 34-9 57-7 
29-8 34-2 49-5 35-3 52-5 34-4 73 

37-7 34-4 49-6 35-1 


Elaidic Acid—Stearic Acid. 


Elaidic Elaidic Elaidic Elaidic Elaidic 
acid, acid, acid, acid, acid, 
mols. %. M. p. mols. %. M. p. mols. %. M. p. mols. %. M. p. mols. %. 
100 43-68° 88-8 45-35° 63-8 56-0° 46-4 61-0° 13-7 
98-0 43-45 84-5 47-95 56-9 58-3 41-4 62-4 0-0 

93°75 43-05 76-0 52-0 50-1 60-2 29-3 64-8 
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209. An Investigation of Steric Influences on the Phenomenon 
of Resonance.* Part II. 


By C. E. IncHAM and G. C, HAmpson. 


The discrepancy between the dipole moments, calculated by vector addition, and 
the observed moments of compounds such as #-nitroaniline and p-nitrophenol has 
been ascribed to resonance in which one of the contributing structures has a quinonoid 
form. The moments of durene compounds containing substituents such as NO,, NRg, 
or OR are lower than those of their benzene analogues, and as calculation shows that 
this cannot be due to induction effects in the methyl groups of the durene radical, the 
conclusion is drawn that the lowering of moment is due to a damping of.the resonance, 
arising from steric factors. The o-methyl groups prevent the assumption of the planar 
configuration necessary for the quinonoid form. The substituted mesitylenes show 
the same behaviour, the differences between their moments and those of their benzene 
analogues being in the direction of the corresponding aliphatic compounds. Sub- 
stitution of a more bulky alkyl group for the hydrogen in an amino- or a hydroxyl 
group results in a much greater suppression of the resonance. A comparison of the 
moment of 2-nitro-m-5-xylidine, in which only the nitro-group is blocked by methyl 
groups, with those of ~-nitroaniline and nitroaminodurene shows that the steric effect 
of the o-methyl groups on the large oxygen atoms of the nitro-group is more important 
than that on the hydrogen atoms of the amino-group. 

An explanation is offered of the anomalous nitration of m-2-xylidine. 

The moments of mesidine, dimethylmesidine, durenol, nitrodimethylaminodurene, 
nitrodurenol, nitroethoxydurene, and 2-nitro-m-5-xylidine have been measured in 
benzene solution at 25°; they are 1-40, 1-03, 1-68, 4-11, 4-08, 3-69, and 5-04 respectively. 


IN a previous paper (Birtles and Hampson, J., 1937, 10) were given the results of the dipole- 
moment measurements of some substituted durene compounds. It was pointed out 
that, if the permanent “ electromeric’”’ or ‘‘ mesomeric’’ effect in a conjugated system 
is to be ascribed to resonance between the normal classical structure and one or more 
“excited ’’ structures in which an electronic rearrangement has taken place, then in the 
case of a substituted benzene compound, such as nitrobenzene, the molecule should have 
some of the properties of a quinonoid structure and the bond linking the nitro-group to 
the benzene ring should be a hybrid of single- and double-bonded forms. Owing to the 
stabilising influence of the resonance, the properties of this linking bond, such as its length 
and its force constant, are closer to those of the more stable double bond (Pauling, Proc. 
Nat. Acad. Sci., 1932, 18, 293, 498; Brockway, ibid., 1933, 19, 868; Brockway and Pauling, 
ibid., p. 860; Pauling and Huggins, Z. Krist., 1934, 87, 205; Badger, J. Chem. Physics, 
1935, 3, 710). 

In a resonating molecule there is no tautomeric movement of the atomic nuclei, the 
position taken up by the atoms being that which is most nearly common to the various 
contributing structures. In the case of nitrobenzene, the stable configuration will be 
when the oxygen atoms of the nitro-group are in the plane of the benzene ring, for although 
the excited structures (I) and (II) contribute only slightly to the resonance (the mesomeric 


JP __+« P =. A J+ A 
“\c- =i , oF iG Oe ‘Xo 
* a) (II.) (III.) 


moment is only of the order of one-tenth of the difference between the moments of the 
normal structure and of the more polar excited structures), the double bond linking the 
nitro-group to the benzene ring in (I) and (II) will impose a planar configuration on the 
‘ molecule. Rotation of the nitro-group will involve an activation process, only those 


* In accordance with common practice, the word “resonance” has been substituted for 
‘* mesomerism.” 





982 Ingham and Hampson: An Investigation of Steric Influences on 


molecules which have acquired sufficient energy of activation to overcome the resonance 
energy being capable of rotation. 

When two groups of opposite type, an of-directing group and a m-directing group, 
are substituted para to one another in the benzene nucleus, each reinforces the type of 
resonance characteristic of the other, there being a mutual stabilisation of the excited 
form, the combination of these secondary effects causing an abnormally large variation 
in the moment (Marsden and Sutton, J., 1936, 599). 

If the presence of a mesomeric or resonance effect in a substituted benzene molecule 
tends to impose a coplanar arrangement of the atoms in a substituent group such as a 
nitro- or a dimethylamino-group, then conversely we might expect that anything which 
tends to prevent such coplanarity, as, e.g., the steric effect of an o-alkyl group, would reduce 
the resonance. This was tested (Birtles and Hampson, Joc. cit.) by measuring the dipole 
moments of a number of substituted durene compounds, and it was shown that in all cases 
where there was a “‘ branched”’ substituent the steric effect of the methyl groups reduced 
the mesomeric moment, the measured moment of the compound being found to lie between 
the moments of the corresponding benzene and alkyl derivatives. Rough calculations 
showed that the change in moment could not be due to induced effects in the methyl 
groups, and this was further confirmed by the fact that, when the substituent was a single 
atom, such as a bromine atom, where no steric influences would be involved, the moment 
of the durene compound was the same as that of the corresponding benzene compound. 
The work has now been extended to a number of other derivatives of durene and mesitylene, 
and the results are all found to agree with this hypothesis. 

It was shown in the previous communication that the moment of nitroaminodurene, 
although lower than that of f-nitroaniline, was still greater than the sum of the moments 
of mononitrodurene and monoaminodurene, indicating that the resonance between (IV) 


(IV.) v8 rex nC OK (V.) 


H,C CH, H,C CH, 


and (V) had not been completely suppressed. If now the amino-group be methylated, 
the increased steric effect, due to the replacement of the amino-hydrogen atoms by the 
more bulky methyl groups, should result in a still greater decrease in the mesomeric 
moment, as compared with #-nitrodimethylaniline. One object of this research, there- 
fore, was the investigation of the dimethylamino-derivatives. In addition, it was required 
to determine whether the same damping of resonance occurs in nitrodurenol and whether 
the effect is increased by alkylation of the hydroxyl group. Finally, the importance of 
induction effects in the methyl groups attached to the nucleus was investigated by 
comparing the moments of some mesitylene and durene derivatives. 
These new results are given in the following table, together with the moments of the 
corresponding derivatives of benzene. 
Substance. p, D. Diff. 
153 —0-13 
Dimethylaniline . — 0-55 
. Phenol S + 0-07 
Nitrodimethylaminodurene ° p-Nitrodimethylaniline , — 2-76 
Nitrodurenol ° p-Nitrophenol : — 0-96 
Nitroethoxydurene ; , p-Nitroanisole , — 1-07 
2-Nitro-m-5-xylidine , p-Nitroaniline . 


It will be observed that the moments of mesidine and aminodurene (1-39; Birtles and 
Hampson, Joc. cit.) are identical within experimental error. In both these compounds 
the amino-group is adjacent to two o-methyl groups, and the identity of moment indicates 
that it is the steric effect rather than the induction effect which is important, in agreement 
with the conclusion drawn from the result for bromodurene. The moments lie between 
that of aniline (1-53) and that of a primary alkylamine (yp for methylamine = 1-23; 
Steiger, Physikal. Z., 1931, 32, 425), as would be expected if the effect of the o-methy] 
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groups was to suppress the resonance. Methylation of the amino-group produces a very 
much greater effect, the moment of dimethylmesidine being lower than that of mesidine 
and very much lower than that of dimethylaniline (1-58; Fogelberg and Williams, 2bid., 
p. 27; Marsden and Sutton, Joc. cit.). The steric effect of the o-methyl groups on the bulky 
dimethylamino-group must almost completely suppress the resonance. The most striking 
case of all, however, is when a dimethylamino-group is para to a nitro-group. In #-nitro- 
dimethylaniline, the moment 6-87 (Marsden and Sutton, loc. cit.) is very much larger than 
the sum of the moments of nitrobenzene (3-95) and dimethylaniline (1-58), indicating a 
pronounced stabilisation of the quinonoid form. When the same two groups are introduced 
into durene, the moment of the nitrodimethylaminodurene is only 4:11. The difference 
of 2:76 between this and the moment of #-nitrodimethylaniline is certainly much too large 
to be ascribed to any induction effects, and must represent a large inhibition of the resonance. 
A similar effect was observed in nitroaminodurene (Birtles and Hampson, Joc. cit.), but here 
the difference in moment between the durene compound (4-98) and #-nitroaniline (6-10) 
was only 1-12. These results clearly show the greatly enhanced steric effect of the 
o-methyl groups on the large dimethylamino-group in preventing conjugation of the group 
with the benzene ring. The effect, in fact, is so great that it actually reverses the direction 
of the change in moment due to dimethylation of the amino-group. The moment of 
p-nitrodimethylaniline is greater than that of p-nitroaniline, whereas in the durene com- 
pounds the methylated compound has the lower moment. The much smaller interaction 
between the two groups in the durene compound is shown by the fact that the value of 4-11 
is now less than the sum of the moments of the two monosubstituted derivatives,* as would 
be expected if little or no interaction occurs, since the moments of the two groups are 
not coaxial. In 2-nitro-m-5-xylidine only the nitro-group is subject to the steric effect of 
the o-methyl groups, the amino-group being unrestricted. For comparison with #-nitro- 
aniline and nitroaminodurene the moment of 5-04 must of course be corrected for the 
moment of the methyl groups; we then see that the main moment of the molecule, due 
to the nitro- and the amino-group and any interaction between them, is of the order of 
5-4. This value lies between 4-98 for nitroaminodurene, where both the amino- and the 
nitro-group are restricted, and 6-10 for -nitroaniline, where both the groups are free from 
any steric effect. The fact that it lies closer to the value for the durene compound in- 
dicates, as would be expected, that the blocking of the nitro-group is the main cause of 
the reduction of the mesomeric moment, as the steric effect on the large oxygen atoms of 
the nitro-group must be larger than the effect on the smaller hydrogen atoms of the amino- 
group. It would be interesting to determine the moment of 5-nitro-m-2-xylidine, in which 
the amino-group is blocked and the nitro-group is free, but so far this compound has not 
been prepared. Preparation by nitration of the acetyl derivative of m-2-xylidine is not 
possible, for Noelting and his collaborators (Noelting and Stécklin, Ber., 1891, 24, 568; 
Noelting, Braun, and Thesmar, Ber., 1901, 34, 2259; Noelting and Thesmar, Ber., 1902, 
35, 629) showed that the 5-position is not attacked and that nitration occurs in the 4- 
and the 6-position. This result is at first sight surprising, but it affords interesting chemical 
support for the hypothesis which this research was designed to test. The steric effect 
of the o-methyl groups reduces the resonance, and hence the directing power of the amino- 
group, to such an extent that the methyl groups becomé the main directive influences. 
Of the hydroxy-compounds, it will be observed that the moment of durenol is higher 
than that of phenol and is nearer to that of an alcohol (u for ethyl alcohol is 1-70, for cyclo- 
hexanol 1-69, for benzyl alcohol 1-70; Sidgwick e¢ al., ‘‘ Table of Dipole Moments,” Trans, 
Faraday Soc., 1934, 30, Appendix), again indicating that in the durene compound the meso- 
meric moment into the ring has been reduced by the steric effect. The moment of 


* There is some uncertainty in the value of 3-39 previously reported for the moment of mononitro- 
durene, owing to the difficulty of preparing the compound in a pure state and the very small quantity 
of material which was available for the measurement. The value of 3-64 given by Brown, de Bruyne, 
and Gross (J. Amer. Chem. Soc., 1934, 56, 1291) for nitromesitylene agrees well with 3-67 found by 
Hammick, New, and Williams (J., 1934, 29) for the same compound, and would indicate that the above 
value for mononitrodurene is too low. Further attempts to prepare a purer sample of this compound 
have so far failed. 
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p-nitrophenetole has not been determined, and hence the value for p-nitroanisole, which 
should be close to it, has been used for comparison with that of nitroethoxydurene. As with 
the nitroamino- and nitrodimethylamino-compounds, both nitrodurenol and nitroethoxy- 
durene have lower moments than the corresponding benzene compounds, the difference 
being greater in the case of the ethoxy- than in that of the hydroxy-derivatives. Owing 
to the weaker directive power of the hydroxy- and ethoxy-groups, such large differences 
as are found in the amino- and dimethylamino-derivatives are not to be expected. 

No attempt has been made to make a more quantitative calculation of the mesomeric 
moment in any of these compounds, as has been done by Sutton and his collaborators 
(Sutton, Proc. Roy. Soc., 1931, A, 183, 668; Sutton and Hampson, Trans. Faraday Soc., 
1935, 31, 945; Marsden and Sutton, J., 1936, 599), owing to the fact that dipole-moment 
data are not available for the p-methyl derivatives, and because of the uncertainty of the 
allowance to be made for induction effects. An attempt to overcome the latter difficulty 
has recently been made by Groves and Sugden (J., 1937, 1992), but the results cannot be 
regarded as more than qualitative. There can be no doubt, however, that the dipole- 
moment measurements herein described clearly indicate the steric effect of o-methyl 
groups in preventing the adoption of the stereochemical configuration necessary for the 
resonance; a more quantitative discussion is hardly justified at this stage. 


EXPERIMENTAL. 


Preparation and Purification of Materials —Mesidine. 15 G. of recrystallised nitromesitylene 
(prepared according to ‘‘ Organic Syntheses,’”’ Vol. 14, p. 68) were added to 60 g. of stannous 
chloride and 100 c.c. of concentrated hydrochloric acid, sufficient alcohol being added to bring 
all into solution at the boiling point. A little granulated tin assisted the ebullition, and the 
mixture was boiled under reflux for about 3 days, fresh tin and acid being added from time to 
time. Alcohol and unchanged nitro-compound were removed by steam-distillation, and the 
residue, after being made alkaline with a large excess of sodium hydroxide, was again steam- 
distilled. The distillate was extracted with ether, the ethereal solution dried (sodium sulphate), 
the ether removed, and the residue distilled and collected between 225° and 230°. Redistillation 
gave a product, b. p. 227° (Ladenburg, Amnalen, 1875, 179, 172, gave 229—230°, and Bieder- 
mann and Ledoux, Ber., 1875, 8, 58, b. p. 227°). 

Dimethylmesidine. 60 G. of methyl sulphate were heated to 150° on an oil-bath and 25 g. 
of mesidine added at such a rate (8—10 mins.) that this temperature was maintained without 
further external heating; after being kept at this temperature for a further 20 mins., the 
mixture was cooled in ice, made alkaline with sodium hydroxide, and extracted with ether. 
The red-brown oil remaining after removal of ether was heated with 35 g. of acetic anhydride 
for 2 hours, excess anhydride decomposed by water and excess sodium hydroxide, and the mix- 
ture extracted with ether. The dimethyl derivative was separated from the extract by shaking 
with dilute hydrochloric acid, and precipitated from the acid layer with ammonia. Further 
extraction with ether and drying with anhydrous sodium sulphate gave a product of b. p. 
213° (Hofmann, Ber., 1872, 5, 718, gives b. p. 213—214°). 

Nitroaminodurene. The following procedure gave a much better yield (80%) than that of 
Birtles and Hampson (Joc. cit.). 20 G. of dinitrodurene and 500 c.c. of alcohol were boiled under 
reflux, and a solution of sodium disulphide (prepared by warming a solution of 70 g. of Na,S,9H,O 
in about 200 c.c. of water with 9 g: of flowers of sulphur) was added slowly with stirring, the 
mixture being stirred at its b. p. for 6—7 hours. The separation and purification were then 
carried out as before. 

Nitrodimethylaminodurene. Two methods were tried, the second being the better. 
(i) 25 G. of methyl sulphate were heated to 150° on an oil-bath and 10 g. of nitroaminodurene 
slowly added, the same procedure then being employed as in the preparation of dimethyl- 
mesidine. On addition of sodium hydroxide to the acetic anhydride solution, however, a red 
oil was formed which was very difficult to purify. Extraction with ether was not very efficient, 
but on shaking the ethereal extract with dilute hydrochloric acid and adding ammonia to 
the acid solution, a light red oil separated which eventually solidified. Crystallisation from 
alcohol gave yellow crystals contaminated with red tar, but repeated recrystallisation from 
alcohol and ligroin eventually gave a pure product (ca. 1 g.), m. p. 90°. (ii) 4-7 G. of nitro- 
aminodurene, 17 g. of methyl iodide, 4 g. of sodium hydroxide, and about 20 c.c. of methyl 
alcohol were heated in a sealed tube to 150° for 8 hours. On cooling, a mass of yellow crystals 
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was obtained. The mixture was boiled for 3 hours under reflux with 20 g. of acetic anhydride, 
excess anhydride then being decomposed with water, and the solution made alkaline with 
dilute sodium hydroxide solution. Extraction with ether and treatment with dilute hydro- 
chloric acid and ammonia as before gave 2 g. of crude product, which was purified by crystallis- 
ation from alcohol and ligroin; yellow needles, m. p. 90° (Found: C, 64-6; H, 8-0; N, 12-8. 
Calc. for C,,H,,0,N,: C, 64-9; H, 8-1; N, 12-6%). 

Nitroethoxydurene and nitrodurenol. 18 G. of nitroaminodurene were dissolved in about 
700 c.c. of alcohol, 18 g. of concentrated sulphuric acid added with stirring and cooling, and the 
mixture diazotised with 12 g. of sodium nitrite. The mixture was then warmed on a water- 
bath to expel nitrogen, most of the alcohol evaporated off, and the residue steam-distilled. 
A yellow oil, consisting of a mixture of mononitrodurene (cf. Birtles and Hampson, Joc. cit.) 
and nitroethoxydurene, first came over. After 2—3 g. had collected, a white oil distilled which 
was collected separately. This was fairly pure nitroethoxydurene (yield 6 g.). Recrystallis- 
ation from alcohol gave a white solid, m. p. 75-5° (Found: C, 64-7; H, 7-4; N, 6-4. Calc. for 
C,,.H,,0,N : C, 64-6; H, 7-6; N, 6-3%). 

The residue in the flask after the steam-distillation showed phenolic properties and proved 
to be nitrodurenol. The yellow solid was filtered off, dissolved in sodium hydroxide (forming 
a deep red-brown solution), reprecipitated by hydrochloric acid, and the pale yellow solid 
recrystallised from alcohol; the m. p. could not be raised above 123—124° (Jacobsen and 
Schnapauff, Ber., 1885, 18, 2844, give m. p. 130°) (Found: N, 7-2. Calc. for C,9H,,0;N : 
N, 7:2%). 

Durenol. <A solution of 5 g. of aminodurene in 7 g. of concentrated sulphuric acid and 100 
c.c. of water was cooled, and diazotised with 2-5 g. of sodium nitrite. The mixture was then 
warmed on a water-bath until evolution of nitrogen ceased, and the resulting pale yellow solid 
was purified as for the above nitrodurenol, being finally recrystallised twice from ligroin; yield 
2 g., m. p. 117° (Jacobsen and Schnapauff, loc. cit., give 117°). 

2-Nitro-m-5-xylidine. 28 G. of nitromesitylene, 70 g. of sodium dichromate, and 150 c.c. 
of water were mixed and stirred mechanically while 92 c.c. of concentrated sulphuric acid were 

& a. e. n?, . j | * dy. e. n?, x SF 

Mesidine. Dimethylmesidine. 
0-01976 0-8766 2-3306 —_ , 0-03256 0-8758 2-3204 —_ 76-2 — 
0-01963 0-8766 2-3304 2-2615 ; : 0-02976 0-8757 2-3158 2-2579 75:9 5 


4-2 
0-01120 0-8755 2-3060 2-2597 . ' 0-01701 0-8751 2-2979 22576 76:2 64-2 
0-00820 0-8752 2-2966 2-2589 , , 0-01100 0-8749 2-2886 2-2576 75:4 654-2 


a+oP, = 85-3 — 44:8 = 40-5 c.c.; -40D. aioP, = 76:0 — 54:2 = 21-8 c.c.; wp = 1-03D. 


Nitrodimethylaminodurene. Nitrodurenol. 


0-01351 0-8803 2-5875 2-2598 385-2 63-7 0-01378 0-8820 2-5905 2-2608 367-7 52-6 
0-01064 0-8789 2-5234 2-2594 392-7 64-1 0-00854 0-8791 2-4716 2-2599 378-0 53-4 
0-00764 0-8776 2-4521 2-2588 395-2 63-9 0-00640 0-8778 2-4228 2-2596 383-6 49-8 
0-00443 0-8762 2°3786 2-2582 404-9 63-5 0-00370 0-8763 2-3605 2-2581 391-1 52-6 


a+oP, = 414-4 — 63°8 = 350-6 c.c.; wp = 4-11D. a+:oP, = 399-0 — 52-9 = 346-1 c.c.; wp = 4-08D. 
Durenol. Nitroethoxydurene. 


0-01215 0-8768 2-3268 — 104-7 — 0-01805 0-8815 2-6223 2-2590 331-2 63-1 
0-00927 0-8761 2-3140 2-2590 105-2 47-4 0-01339 0-8796 2-5315 2-2585 334-5 63-3 
0-00835 0-8760 2-3100 2-2587 105-0 46-7 0-00865 0-8776 2-4397 2-2582 3383 63-6 
0-00501 0-8753 2-2955 2-2580 106-3 46-4 0-00683 0-8769 2-4049 2-2578 340-2 63-2 


a+oP, = 105-5 — 46-8 = 58-7 c.c.; wp = 1-63D. a+oP, = 346-0 — 63-3 = 282-7 c.c.; wp = 3-69D. 
2-Nitro-m-5-xylidine. 
0-00447 0-8767 2-4406 2-2589 570-5 43-8 0-00328 0-8761 2-3938 2-2587 565-4 44-0 
a+oP, = 570-5 — 43-9 = 526-6 c.c.; wp = 5-04D. 


slowly added, the temperature being kept below the b. p. The mixture was then boiled under 
a reflux for an hour, cooled, and 200 c.c. of water added. A sticky green solid separated, which 
was filtered off, washed, and digested with 5% sulphuric acid for some time to remove chromic 
salts. After cooling, the solid was filtered off, dissolved in warm 5% sodium hydroxide solu- 
tion, and the cooled solution filtered from unchanged nitromesitylene and chromic hydroxide. 
Excess of dilute sulphuric acid reprecipitated the nitromesitylenic acid which was filtered off, 
washed, dried, and recrystallised from alcohol. This is the symmetrical acid (see Emerson, 
Amer. Chem. J., 1886, 8, 269). 25 G. of it were converted into the acid chloride with 20 g. 
3T 
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of thionyl chloride. The resulting red liquid was added drop by drop, with stirring, to a mixture 
of equal vols. of aqueous ammonia (d 0-88) and water, cooled in ice, whereupon the acid amide 
separated as a light brown solid. A paste of 19-5 g. of this amide in water was added with 
stirring to a solution of sodium hypobromite (NaOH, 20 g.; H,O, 100 c.c.; Br,, 16 g.) cooled 
in ice-salt, and the mixture then removed from the freezing mixture and allowed to warm to 
room temperature; a further 12 g. of sodium hydroxide were then stirred in, and the mixture 
warmed to 80° on a water-bath for some time. A yellow solid separated, which was filtered 
off, washed, and dried. The crude product (10 g.) was dissolved in dilute hydrochloric acid, 
the solution filtered, and the base reprecipitated by ammonia; orange needles, m. p. 131-6°, 
were obtained by recrystallisation from alcohol (Found: C, 57-9; H, 6-0; N, 17-0. Calc. for 
C,H,,0,N,: C, 57-8; H, 6-0; N, 16-9%). 

Dipole-moment Measurements.—The requisite data are on p. 985, where the symbols 
have their usual significance. All the measurements were carried out in benzene solution 
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210. The Alkaloids of Mitragyne speciosa. Part I. Mitragynine. 
By H. Raymonp ING and CLiFForD G. RaAIsoN. 


This paper describes preliminary work on the structure of mitragynine, the chief 
alkaloid of the leaves of M. speciosa. A second alkaloid has been detected, but not 
characterised because of the amorphous nature of its salts. 

Mitragynine has been given the formula C,,H;,0,N, (or possibly C,,H5,0,N,) ; 
it is the methy] ester of a monocarboxylic acid, which contains in addition two methoxyl 
groups but no methylimido-group. It behaves as a monoacidic base. On hydrolysis 
in alcoholic (ROH) alkali, it appears to form a relatively stable intermediate sub- 
stance, C,,H,,0,N,,ROH, which by the further action of alkali yields the acid 
Cy, Hy.0,Nz. 

Zinc dust distillation produces a base, C,,H,,ON,, which may be an N-methyl- 
methoxyharman, together with unidentified substances which give indole colour 
reactions. 


THE genus Mitragyne belongs to the important natural order of Rubiacee, but has attracted 
little serious attention from either chemists or pharmacologists. Several alkaloids have 
been isolated from various members of the species, viz., mitraversine (Field, J., 1921, 119, 
887; Raymond-Hamet and Millat, J. Pharm. Chim., 1937, 25, 391), mitragynine (Field, 
loc. cit.), mitraspecine (Denis, Bull. Acad. roy. Belg., 1938, 24, 653), mitraphylline (Michiels, 
J. Pharm. Belg., 1931, 18, 159, 719), and mitrinermine (Raymond-Hamet and Millat, 
Compt. rend., 1934, 199, 587; J. Pharm. Chim., 1934, 126, 577), but only the amorphous 
mitragynine (from M. speciosa) has been examined in detail (Field, Joc. cit.). This alkaloid 
was given the formula.C,,H,,0;N and was said to contain two carbomethoxy-groups, and 
various colour reactiofis indicated the presence of an indole nucleus. 

For the present work the dried leaves of M. speciosa (‘‘ Kratom’’ of the natives) were 
obtained from Siam through the courtesy of the Director General of the Government 
Laboratory, Bangkok. A 70% aqueous-alcoholic extract of the leaves on evaporation 
left an aqueous layer and a resinous solid, from both of which two picrates were obtained ; 
one was mitragynine picrate (m. p. ca. 220°), and the other melted at 123—127°. Choline 
was the only substance isolated from the mother-liquor of the former. 

Mitragynine has been found to have the formula C.3H3,0,N, (or possibly CygH3,0,N,). 
No crystalline derivative has been obtained from the amorphous picrate of m. p. 123— 
127°, but preliminary examination shows that it may contain one or more alkaloids isomeric 
with mitragynine. The four oxygen atoms of the latter are accounted for as two methoxyl 
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and one carbomethoxy-group. It is a monoacidic base, yields a monomethtodide, and 
cannot be acetylated, and hence we regard the second nitrogen atom as a non-basic indole 
nitrogen. The base does not absorb hydrogen in presence of palladium or platinum, and 
the only recognisable permanganate oxidation products were oxalic and acetic acids. 

In view of Field’s work the alkaline hydrolysis was studied. Heating with methyl- 
alcoholic potassium hydroxide gave two products (cf. Field). The ether-insoluble product 
appears to be a monocarboxylic acid, C,,H,,0,N,, containing two methoxyl groups, 
characterised as the picrate, and the ether-soluble basic product a tetramethoxy-compound, 
Cy3H3,0;N. (also characterised as the ficrate). The latter substance corresponds to the 
addition of a molecule of methyl alcohol to mitragynine, and further heating with alcoholic 
potassium hydroxide converts it into the ether-insoluble compound. This does not 
regenerate mitragynine on methylation. 

Ethyl-alcoholic potassium hydroxide gives the same amphoteric product, but the 
ether-soluble basic substance simultaneously formed is not identical with that obtained 
in the methyl alcohol hydrolyses. 

Selenium dehydrogenation gave no crystalline product; demethylation was indicated 
by the evolution of dimethyl diselenide (cf. Sharp, J., 1938, 1353). Zinc dust distillation 
according to Winterstein and Walter (Helv. Chim. Acta, 1927, 10, 577) gave a non-basic 
fraction, probably containing indole derivatives, and a basic fraction, which gave no 
indole reactions. It contained a base, C;,H,,ON,, with one methoxyl and one methyl- 
imido-group, and a reactive methylene group as shown by the formation of a p-nitro- 
benzylidene derivative. The marked fluorescence of this base in dilute acid solution suggests 
the possibility of its having a carboline structure; it is, however, not identical with either 
pyr- or ind-N-methylharmine, specimens of which were kindly supplied by Sir Robert 
Robinson, although the superficial similarity is marked. 


EXPERIMENTAL. 


Extraction of the Alkaloids of M. speciosa.—The following method is an improvement on that 
of Field (loc. cit.). Messrs. T. and H. Smith of Edinburgh kindly prepared a concentrated 70% 
aqueous-alcoholic extract of the leaves of M. speciosa in the form of a dark-coloured aqueous 
fraction (A) and a black resinous solid (B). 

(A) The aqueous fraction (250 g.) was diluted with water (500 c.c.) and acidified to Congo- 
red with acetic acid, and the precipitated material extracted with ether. The filtered aqueous 
layer was basified (10% sodium carbonate solution) and again extracted with ether, the aqueous 
liquid being preserved (X). The washed and dried (sodium sulphate) extract left on evaporation 
a voluminous amorphous residue (ca. 1-4 g.), which was dissolved in methyl alcohol (10—165 c.c.) 
and added to a saturated solution of picric acid in methyl alcohol (15 c.c.). The precipitated 
mitragynine picrate (0-7 g.) was almost pure (m. p. 215—220°). The mother-liquor was 
concentrated, diluted with water after removal of any further mitragynine picrate, basified, and 
extracted with ether. The extract, in 10% acetic acid, gave on addition of picric acid a yellow 
amorphous picrate (0-3 g.), m. p. 123—127°, which required the addition of sodium chloride 
for its complete coagulation. 5-3 Kg. of (A) yielded 15 g. of mitragynine picrate and 8 g. of the 
amorphous picrate. 

The liquid (X), after basic lead acetate treatment, gave a phosphotungstate from which 
only choline, identified as its mercurichloride and chloroaurate, was isolated. 

(B) The resinous fraction (500 g.) was dissolved in hot 96% alcohol (400 c.c.), glacial acetic 
acid (250 c.c.) added, and the liquid gradually added to cold water (4-5 1.) with vigorous stirring. 
After 12 hours, this was filtered, and the chlorophyll washed with a little water. The filtrate 
was basified with concentrated aqueous ammonia and shaken with ether. Evaporation of the 
dried (sodium sulphate) extract left a dark-coloured amorphous mass (ca. 40 g.), which was 
dissolved in the minimum quantity of methyl alcohol and added to saturated methyl-alcoholic 
picric acid (300 c.c.). The separated orange crystals of mitragynine picrate (ca. 40 g.) had 
m. p. ca. 215°. The mother-liquor was concentrated to 125 c.c. and added to aqueous ammonia 
(15 c.c. of concentrated aqueous ammonia, 750 c.c. of water), and the separated solid 
dissolved in ether and washed with dilute aqueous ammonia and with water. The 
residue (7°5 g.) left on evaporation was extracted with 2}% acetic acid (100 c.c.), and the filtered 
solution added to saturated aqueous picric acid (500 c.c.) together with sodium chloride; the 
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yellow amorphous picrate obtained (9 g.) had m. p. 123—127°. From 9-5 kg. of (B) were 
obtained 716 g. of mitragynine picrate and 180 g. of the amorphous picrate. 

Mitragynine picrate. The crude picrate (40 g.) was dissolved in boiling absolute methyl 
alcohol (3600 c.c.), solvent distilled off until crystallisation began in the boiling liquid (ca. 
1500 c.c.), and this left to cool. Highly pure mitragynine picrate, m. p. 217—223° (decomp.) 
(depending on the rate of heating), was obtained in 82% yield, calculated on the crude picrate, 
and concentration of the filtrate gave another fraction (6%) only slightly less pure [Found for 
a specimen crystallised several times from acetic acid and twice from absolute methyl alcohol 
and dried at 80° ina vacuum: C, 54-4, 54-2, 54-0; H, 5-3, 5-3, 5-5; N, 11-3, 10-8, 11-3; OMe, 
13-7, 14:1*; C,H,O,N;, (by nitron), 35-6. Calc. for C,,H,;,O,N,,C,H,O,N,: C, 54-6; H, 5-4; 
N, 11-4; 30Me, 15-1; C,H,O,N;, 37-2%. Calc. for C,,H,;,0,N,,C,H,O,N,: C, 54:5; H, 
5-7; N, 11:3; 30Me, 15:1; C,H,O,N;, 37-1%. Calc. for C,,H;,0O;N,C,H,;O,N, (Field’s 
formula): C, 54:3; H, 5-5; N, 9-1; 30Me, 15-0; C,H,O,N,, 37-2%]. No methylimido-group 
is present [Found : OMe + NMe (expressed as OMe), 14-0%]. ™ 

Mitragynine. This was prepared by adding a hot saturated acetone solution of the picrate 
to an excess of dilute aqueous ammonia and extracting the liberated base with ether. The 
washed and dried extract was strongly fluorescent and left on evaporation a pale brown, 
amorphous mass, very soluble in most organic solvents, except petrol, to give fluorescent sol- 
utions. It was insoluble in water and melted between 105° and 115°. An electrometric titration 
revealed the presence of only one point of inflexion (Found : equiv., 399. Calc. for C,3H;,0,N, : 
equiv., 386-5). 

Mitivragynine acetate. A mixture of the base (2 g.) and acetic anhydride (20 c.c.) was 
warmed gently for } hour and left over-night. The silky needles formed, after being washed 
with a little acetic anhydride and with much petrol, were practically colourless and had m. p. 
(rapid heating) 175—176° (decomp.). They soon darkened in light and were fairly readily 
soluble in ether (Found: C, 64-8, 64-8; H, 7:35, 7-2; N, 6:25; OMe, 17-5. Calc. for 
CyeH390,N,,C,H,O, : C, 64:6; H, 7-7; N, 6:3; 30Me, 20-8%). The acetate can be recrystal- 
lised from acetic anhydride at ca. 80°, but heating beyond this point gives a less pure product. 
The same salt, prepared from its components in dry ether (Field), separated from ether—acetic 
acid in woolly needles, m. p. 175—180° (depending on the rate of heating). Field gave m. p. 
142°. The two specimens were shown by mixed m. p. to be identical. 

Mitragynine cinnamate, prepared from the base and cinnamic acid in ether, was very soluble 
in alcohol. It separated from hot acetone or methyl ethyl ketone in felted needles, white when 
freshly precipitated, but rapidly darkening on exposure to light. Crystallised twice from the 
latter solvent, the pure salt had m. p. 155° (decomp.; darkening from 135°) (Found: C, 68-4; 
H, 7:2; N, 5-0, 5-1; OMe, 15-8. C,,H,,0,N,,C,H,O, requires C, 69-7; H, 7-2; N, 5-2; 30Me, 
17-4%. Field’s formula, C,,H;,0;N,C,H,O,, requires N, 2-6%). 

Mitragynine hydrogen fumarate. A solution of mitragynine in dry ether was treated with 
fumaric acid (1 mol.) dissolved in the minimum quantity of absolute alcohol; the salt settled 
rapidly as a buff-coloured sandy powder. Twice crystallised from boiling methyl ethy] ketone, 
it formed a cream-coloured felted mass of needles, decomp. between 190° and 200° [Found : 
N, 5-6, 58. C,,H390,N,,C,H,O, requires N, 5-6%. C,,H;,0;N,C,H,O, (Field) requires 
N, 2-8%]. 

The corresponding salt with maleic acid was very soluble in alcohol and methyl ethyl ketone, 
and could not be obtained crystalline. 

Mitragynine trinitrobenzene compound. Precipitated from hot methyl-alcoholic solutions of 
equimolecular weights of the constituents, this formed dark red, stout needles, m. p. 146° (rapid 
decomp.), unchanged after two further crystallisations (Found: C, 57-6; H, 5-5; N, 12-2. 
CygH590,Nz,CgH,O,N, requires C, 56-1; H, 5-55; N, 11-7%). 

Mitragynine monomethiodide. The base (from 2 g. of the picrate) in acetone (50 c.c.) was 
refluxed with methyl iodide (4 c.c.) for 6 hours. After removal of most of the solvent, the sali 
was precipitated by dry ether as a buff-coloured powder (0-8 g.), very soluble in alcohol and 
fairly readily soluble in water. For analysis, it was heated on the water-bath with water 
(charcoal) and obtained as a cream-coloured amorphous powder, m. p. 211-5° (slight darkening 
from 180°), by addition of potassium iodide to the filtered solution (Found: C, 52-2; H, 6-5; 
N, 5-1; I, 23-95. C,3H,,0,N,I requires C, 52-3; H, 6:3; N, 5-3; I, 24-0%). 


* It is characteristic of mitragyniae and its near derivatives that slightly low values for methoxyl 
determinations are always found. This was sometimes partly corrected by heating with hydriodic 
acid for longer periods, 
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The methopicrate is gelatinous and only precipitated by the addition of an electrolyte. 

Alkaline Hydrolysis of Mitragynine.—(1) Methyl-alcoholic potassium hydroxide. After 
treatment of mitragynine with 4n-methyl-alcoholic potassium hydroxide for 24 hours at room 
temperature, there was little evidence of the formation of any acidic product. Refluxing on the 
water-bath for 4 hour, followed by 24 hours at room temperature, gave two products. After 
reaction, the alkaline liquid was exactly neutralised with the predetermined quantity of 
alcoholic hydrogen chloride, filtered from potassium chloride, and evaporated to dryness. The 
residue was partitioned between ether and dilute aqueous ammonia, the major product being 
soluble in ether and basic and giving a scarlet picrate on treatment of its acid solution with 
picric acid. This separated from absolute methyl alcohol as an amorphous orange-red powder, 
m. p. 135—136°, slightly soluble in hot water. It contained four methoxyl groups, gave the 
same colour reactions as mitragynine, and regenerated the base after refluxing with alcoholic 
hydrogen chloride [Found: C, 53-7; H, 5-7; N, 10-75, 10-9; OMe, 16-9 (micro), 17-1, 17-2 
(semi-micro), 18-0 (semi-micro; heated for twice the standard time *). C,,;H,,0;N,,C,H,;O,N, 
requires C, 53-8; H, 5-8; N, 10-8; 40Me, 19-1%. Another independent preparation contained : 
C, 53-9; H, 5-7; N, 10-4, 10-3; OMe, 17-1%]. 

The second product was only very slightly soluble in ether and was amphoteric. Evapor- 
ation of its ammoniacal solution gave, beside dark-coloured impurities, a glassy residue, which 
formed a picrate soluble in methyl alcohol, but separating from hot water as an amorphous 
orange-brown powder, m. p. 155° (Found : OMe, 7-5%). ; 

In another experiment, mitragynine was treated with 2n-potassium hydroxide in methyl 
alcohol for 3 hours on the water-bath. After neutralisation and evaporation of most of the 
solvent, the amphoteric substance was precipitated by dry ether, and treated in ethereal sus- 
pension with diazomethane. This gave an ether-soluble base which was not mitragynine, 
since it formed an amorphous orange-yellow picrate, soluble in methyl alcohol but separating 
from hot water with m. p. 122—123°. The ethereal filtrate from the precipitated amphoteric 
substance, presumably containing the compound C,,H,,0,N,, was evaporated, and the residue 
treated with 4n-potassium hydroxide in methyl alcohol on the water-bath for a further 3 hours. 
On working up by partition between ether and dilute aqueous ammonia, a small basic portion 
(orange-red picrate from methyl alcohol, m. p. 132—134°) was found, but the majority of the 
product was amphoteric. The ammoniacal solution was saturated with carbon dioxide, filtered, 
just acidified with dilute acetic acid, and again filtered, each operation removing coloured 
impurities. The ultimate filtrate gave a picrate which was soluble in methyl alcohol, but 
separated from hot water as a hygroscopic amorphous orange-brown powder, m. p. 157°, 
apparently identical with the picrate of the amphoteric compound previously isolated (Found : 
C, 54-4; H, 5-5; N, 11-3, 11-5; OMe, 7-7. C,,;H,,0,N,,C,H,O,N; requires C, 53-9; H, 5-4; 
N, 11-65; 20Me, 10-3%). 

(2) Ethyl-alcoholic potassium hydroxide. After being refluxed for 2 hours and then left for 
12 hours at room temperature with 2n-potassium hydroxide, mitragynine again yielded two 
products. The amphoteric portion formed a picrate, m. p. 155°, apparently identical with that 
obtained in the previous hydrolyses (Found: OMe, 8-6%); the acid obtained by evaporation 
of its ammoniacal solution, on treatment with diazomethane, yielded a basic product which 
formed an amorphous, pale yellow picrate, soluble in methyl alcohol but separating from hot 
water with m. p. 124—125° (Found: OMe, 12-0%). The ether-soluble product formed a pale 
yellow picrate, very soluble in cold absolute methyl alcohol, and quite unlike its analogue 
obtained in the hydrolyses in methyl alcohol. It separated from hot water with m. p. 133— 
134°, and formed a methiodide, an amorphous cream-coloured powder, m. p. 145—146° (Found : 
OMe, 18-8. C,H3,0,N,,CH;I,C,H,O requires 40Me, 21-6%). 

Permanganate Oxidation of Mitragynine.—Complete oxidation of the alkaloid in aqueous 
acetone yielded only acetic and oxalic acids, and partial oxidation of the acid C,,H,,0,N, in 
alkaline solution gave, beside acetic acid, only an amorphous intractable powder. 

Zinc Dust Distillation of Mitragynine (cf. Winterstein and Walter, Joc. cit.).—The alkaloid 
(5-0 g.) was heated in amounts of 0-2 g. at a time with ten times its weight of zinc.dust in small 
glass tubes so constructed as to allow any high-boiling products to pass immediately into an 
air-cooled U-tube whilst difficultly condensable vapours were trapped in a tube packed with 
glass wool. The tubes were heated to dull red heat during 3—4 minutes. The distillates were 
dissolved in ether and basic substances were removed with dilute hydrochloric acid, liberated 
with ammonia, and again dissolved in ether. The residue obtained from the ethereal solution 


* For the semi-micro methoxyl determinations we are indebted to Dr. R. S. Cahn. 
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after the acid extraction gave a red pinewood reaction and yielded 0-8 g. of a red-brown oil 
with an indole-like smell. The basic products (0-5 g.) gave no indole colour reactions, and were 
distilled at 0-6—0-4 mm.; at a bath temperature of 230° a bright red oil distilled. This yielded 
a dirty yellow picrate (160 mg.) from ether, which, twice crystallised from methyl ethyl ketone, 
formed bright yellow clusters of needles (20 mg.), m. p. 255—265° (decomp.) (Found: C, 53-3; 
H, 3-7; N, 15-4; OMe, 6-6; NMe, 4:9. C,,H,,ON,,C,H,O,N, requires C, 52-8; H, 3-8; N, 
15-4; 10Me, 6-8; INMe, 64%). The base gave a bluish fluorescence in dilute acid solution. 

The procedure was repeated with 30 g. of mitragynine, and the basic fraction of the distillate 
converted directly into a picrate (3-0 g.). Crystallised from the minimum quantity of boiling 
methyl ethyl ketone (125 c.c.), this yielded yellow crystals (264 mg.), which after two further 
crystallisations from the same solvent formed yellow felted masses of needles (162 mg.), m. p. 
263—264° (decomp.) (Found: C, 53-4; H, 3-7; N, 15-8; OMe, 7:2; NMe, 45%. Again the 
formula C,,H,,ON, provides the best interpretation of the analytical figures). This picrate 
had mixed m. p. with pyr-N-methylharmine picrate (harmine methopicrate; m. p. 263°), 
240—245°; and with ind-N-methylharmine picrate (m. p. 250°), 225°. 

A boiling concentrated acetone solution of the picrate (104 mg.) was added to dilute aqueous 
ammonia, and the mixture exhaustively extracted with ether. The washed and dried extract 
on evaporation gave a solid residue, which yielded, after two sublimations at 110—115°/0-02 
mm., practically colourless bushy needles (40 mg.), m. p. 115—120° (softening at 109°), mixed 
m. p. with ind-N-methylharmine (m. p. 120—122°), 80—95° (Found: C, 74:2; H, 6-5; N, 
12-25. C,,H,ON, requires C, 74:3; H, 6-2; N, 124%). The base gave a pale blue fluorescence 
in dilute acid solution, distinct from the blue-violet of the two authentic harmine bases; on the 
other hand, in benzene solution, the unknown base and ind-N-methylharmine gave, when 
viewed in ultra-violet light, the same brilliant blue-violet fluorescence. 

The base (10 mg.) was heated with five times its weight of p-nitrobenzaldehyde at 250—255° 
for a few minutes; the cooled mass was boiled with benzene, shaken with 3 drops of dilute 
hydrochloric acid (1:1), and the orange-brown hydrochloride washed with benzene. The 
liberated base crystallised from aqueous alcohol in stout golden-yellow needles (8 mg.), m. p. 
255° (Found: C, 70-4; H, 5-5. C,,H,,O,N, requires C, 70-2; H, 4.8%). The p-nitrobenzyl- 
idene derivative prepared from ind-N-methylharmine in the same way had m. p. 238°, mixed 
m. p. with the above specimen, 215° (Found: C, 69-3; H, 48%). It formed stout brick-red 
needles. ° 

The Amorphous Picrate of m. p. 123—127° (p. 987).—This would not crystallise from any 
solvent, but some purification was achieved by extraction with hot water. The picrate (1 g.) 
was dissolved in a little methyl alcohol and precipitated by water. The well-washed precipitate, 
while still wet, was digested with cold water (250 c.c.) and heated on the water-bath with constant 
stirring; the solution was filtered, and left to cool after addition of a little sodium chloride. 
Twice repeated, this procedure yielded an amorphous powder, m. p. 134—136°, but the analysis 
was not capable of simple interpretation. The portion insoluble in water was crystallised 
three times from methyl alcohol and identified as mitragynine picrate. The base obtained 
from the above picrate gave the same colour reactions as mitragynine, and was converted into 
its perchlorate, acetate, picrolonate, and flavianate, but none could be obtained crystalline. 
Many other salts were precipitated from aqueous or ethereal solution in a gelatinous condition. 

The base was extracted (Soxhlet) with low-boiling petrol to yield a buff-coloured amorphous 
powder. This was converted into its fumarate, which was extracted several times with hot 
ethyl acetate ; the extracts were concentrated and cooled. The base obtained from the separated 
salt was converted into a methiodide, which was obtained as a white amorphous powder, sensitive 
to light, by solution in hot aqueous alcohol (charcoal) and addition of potassium iodide. The 
yield, based on the original crude picrate, was low. The methiodide had no definite m. p., 
shrinking from 160° and decomposing at ca. 200° (Found: C, 52-0; H, 6-2; N, 6-0; I, 23-1; 
OMe, 16-2. C,H 3,0,N,,CH,I requires C, 52-3; H, 6-3; N, 5-3; I, 24-0; 30Me, 17-6%). 
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211. The Alkaloids of Artabotrys suaveolens, 
By (the late) GEoRGE BARGER and LEwis J. SARGENT. 


The three alkaloids obtained from this member of N.O. Anonacee are found to 
belong to the aporphine group and are thus similar in structure to those of related 
botanical orders. Artabotrine, C,,H,,0,N, is probably 10-hydroxy-4: 5: 6-tri- 
methoxyaporphine, and suaveoline 4: 10-dihydroxy-5 : 6-dimethoxyaporphine. The 
aliphatic 10-hydroxy-group is a novel feature in this group of alkaloids. It is not 
contained in artabotrinine, C,,H,,0,N, a secondary base, probably 2-methoxy-5 : 6- 
methylenedioxynoraporphine and possibly identical with the methyl ether of anolobine 
from Asimina triloba (N.O. Anonacee). 


THE numerous isoquinoline alkaloids are practically confined to four cohorts,* placed 
together in Eichler’s system as nos. 6—9 of Choripetale. In two of them, represented in 
alkaloidal chemistry respectively by Salsola and Cactacea, alkaloids are scarce and have 
a simple constitution, without a benzene nucleus other than that present as isoquinoline. 
The other two cohorts are rich in alkaloids, mainly derived from benzyltetrahydrosso- 
quinoline, i.e., from two phenylalanine or tyrosine molecules, instead of from a single 
molecule of an aromatic amino-acid. In the cohort Ranales considerable insight has been 
obtained into the structure of the alkaloids of Ranunculacea, Menispermacea, Lauraceae, 
Monimiacea, and Berberidacee, whereas Nympheacea, Magnoliacee and Anonacee have 
been but little investigated in this respect. The present paper is concerned with a member 
of the last-named order, Artabotrys suaveolens Bl., a woody climber occurring in India, 
the Malayan and Philippine Islands. An alkaloid was detected in it by de Rochebrune 
(“‘ Toxicologie africaine,’’ 1897, I, 431) and by Greshoff (Meded. ’s Lands Plantent., 1898, 
25, 10); the latter reported about 0-1% of an alkaloid in the bark, not present in the leaves, 
and causing tetanic convulsions in frogs (this is also a property of related alkaloids, ¢.g., 
laurotetanine). Artabotrine was named and cursorily examined by Marafion (Philippine 
J. Sct., 1929, 38, 259) and further investigated by Santos and Reyes (Univ. Philippines 
Nat. Appl. Sct. Bull., 1932, 2, 409), who assigned to it the formula C,,H,,O,N = 
C,7H,,30(OMe),NMe. They could not ascertain the nature of the fourth oxygen atom and 
obtained in the second stage of the Hofmann degradation trimethylamine and a nitrogen- 
free product, which they did not investigate further on account of its “ unpromising 
appearance.” 

We find that artabotrine is in reality C,;g,H,,O(OMe),;NMe, which formula is in agreement 
with the number of carbon and hydrogen atoms of an aporphine skeleton. The novel 
feature is the nature of the fourth oxygen atom. Since artabotrine contains one reactive 
hydrogen atom, as shown by the Zerewitinoff method and by the formation of a basic 
monoacetyl derivative, the fourth oxygen atom must be present as a hydroxyl group; 
preformed diazomethane does not act on this group, but nascent diazomethane converts 
it into a (fourth) methoxy-group. Since artabotrine is insoluble in sodium hydroxide 
solution, the hydroxyl group must be aliphatic, in the middle ring C, either at position 9 or 
10; we supply evidence in favour of position 10. Of the three methoxy-groups of the 
alkaloid, two are almost certainly in positions 5 and 6, the third is probably in position 
4; the methoxy-groups are not indicated in the formule on page 992. 

The nearest analogy to the secondary alcohol group in position 10 is supplied by alkaloids 
of the hydrastine-narcotine type,f where this group is, however, not free, but present in a 
lactone ring. It modifies the degradation of the alkaloid by oxidation, and in the second 


* Such curare alkaloids as are derived from isoquinoline do not occur in the genus Strychnos (cf. 
King, J., 1937, 1476). Emetine and its allies seem to be the only isoquinoline alkaloids obtained from 
a plant not belonging to the four cohorts, and their structure, not thoroughly established, is of a peculiar 
type. If data concerning alkaloids can be used at all in taxonomy, they would favour placing Cactiflore 
between Curvembry@ and Polycarpice (= Ranales), as Eichler and Warming have done, rather than 
Engler’s system, in which Opuntiales (= Cactiflore) are widely separated from the other three cohorts. 

+ A probably even closer analogy is to be found in hydroxycodeine (Knorr, Ber., 1906, 39, 1414, 
3130; 1907, 40, 2042). 
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stage of the Hofmann method. It seems to have quite feeble acidic properties ; for instance, 
it can be methylated, not only by nascent diazomethane, but also by the action of methyl 
sulphate on finely divided artabotrine, suspended in sodium hydroxide solution: the 
resulting methosulphate is transformed by potassium iodide into the methiodide of artabotrine 
methyl ether. A few drops of ethereal ferric chloride, added to a solution of artabotrine in a 
non-hydroxylic solvent (chloroform, acetone, benzene), produce a yellow or brownish 


CH, CH, H:CH, H:CH, 
) CH, CH, 
NMe NMe:CO,Et NMe, 


CH )CH CH 
CH-OH C-OH CH-OH C-OH 


p Di 
2 


(I.) (II.) (IIL) (IV.) 


precipitate, reminiscent of a similar reaction for aliphatic hydroxyl adjoining a double 
bond (H. Meyer, “‘ Analyse und Konstitutionsermittlung,’”’ 1931, 324). We are unfortun- 
ately unable to remove the hydroxy] at position 10, by first replacing it by chlorine; the 
action of thionyl chloride led to polyhalogenated substances, which could not be reduced to 
an aporphine derivative. 

That artabotrine is a tetrahydrotsoquinoline follows from the opening of the hetero- 
cyclic ring by ethyl chloroformate, and since the product (II) * is optically inactive, arta- 
botrine belongs to the aporphine and not to the benzyltetrahydroisoquinoline (laudanosine) 
type (Gadamer and Knoch, Arch. Pharm., 1921, 259, 146). Artabotrine cannot be reduced 
catalytically by ordinary means, so no aliphatic double bond is present, and hence the 
number of hydrogen atoms in the molecule requires the existence of four rings; additional 
evidence for the aporphine structure is supplied by X-ray analysis (see appendix). The 
Hofmann degradation proceeded quite satisfactorily when the methiodide was boiled with 
alcoholic, instead of the aqueous potassium hydroxide used by Santos and Reyes. We 
obtained the optically active, crystalline methine (III) in a yield of 80% and showed the 
presence of a vinyl group by reduction to the dihydromethine. The alcoholic hydroxyl 
group is not affected by the first stage of the Hofmann degradation, and is not attached to 
either carbon atom of the vinyl group; in position 9 it would be tertiary and would have 
been eliminated as water by boiling potassium hydroxide; we therefore think it is in 
position 10. In the second stage of the degradation the methine methiodide yields tri- 
methylamine and a crystalline substance (IV) which shows a blue fluorescence in solution 
and has the composition and properties of a trimethoxyvinylphenanthrol (yield, 70%). The 
Hofmann degradation was also carried out with artabotrine methyl ether; the vinyl 
derivative rapidly polymerised and yielded on oxidation only a small quantity of a crystal- 
line acid, which could not be fully investigated. 

The difficulties of synthesising trimethoxyphenanthrols made us attempt to determine 
the position of the methoxy-groups by oxidation, and here again the free hydroxy-group 
had considerable influence. The production by nitric acid of benzene-1 : 2 : 3 : 4-tetra- 
carboxylic acid, of great evidential value for the aporphine structure, failed in the present 
case owing to the instability of the central ring. With sulphuric acid and potassium 
dichromate a deep red basic o-quinone-like compound was produced, giving the Lauben- 
heimer reaction and decolorised by sulphurous acid. It was only obtained in small 
quantity, but is not produced at all from related alkaloids devoid of the aliphatic hydroxyl. 
With potassium permanganate a small quantity of a novel oxidation product was obtained, 
a monocarboxylic lactone acid, C,,H)Q,, containing two methoxy-groups. This must 
therefore be a phthalidecarboxylic acid, with the free carboxyl attached either to the 
benzene ring, as in (VI), or to the phthalide group, as in (VII) [in (VI) and (VII) the positions 
of the methoxy-groups are illustrative and arbitrary]. The oxidation product could be 


* This formula is supported by the facts that the product is soluble in alkali solution and couples 
readily with diazotised aniline. 
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sublimed unchanged in a vacuum and melted without evolution of a gas; it gave the 
fluorescein reaction. Hence the free carboxyl group must be attached to the benzene ring, 
as in (VI). Various «-phthalidecarboxylic acids of type (VII) melted with effervescence 
and none gave the fluorescein reaction. Now an acid of type (VI) is only obtainable 
from ring A, so this ring contains two methoxy-groups; whether these are in artabotrine 
in positions 6 and 6 [as implied by (VI)] or in 5 and 7, or in 6 and 7, can only be determined 


H 
ro A CEs>0 (VI.) 


O,H 
coO—O 
—* MeO H-Co,H_ ‘V!-) 


(v.) 3MeO ; 








by a synthesis of the oxidation product; the 5 : 6 arrangement is, however, very probable, 
and the others would be without analogy. Although the type (VII) seems to be excluded 
for the reasons given, we nevertheless attempted a comparison of the oxidation product 
with the six possible isomerides of type (VII). Three were already known and could be 
eliminated by their recorded m. p.’s, or by their m. p. when mixed with the oxidation 
product. We synthesised 2 : 4- and 2 : 5-dimethoxyphthalide-«-carboxylic acids with the 
same result, but could not prepare the sixth isomeride (4 : 5), so this particular process of 
elimination remains incomplete. The sixth isomeride would imply methoxy-groups in 
artabotrine in positions 1 and 2, unknown in this numerous group of alkaloids. Our 
repeated attempts to obtain an oxidation product with a single methoxy-group were un- 
successful, and hence we are unable to assign its position in ring D with certainty. It 
seems, however, to be in position 4, since artabotrine is the methyl ether of suaveoline, 
in which a hydroxy-group appears to be in that unusual position (see below). A direct 
spectrographic comparison showed a close similarity between artabotrine and pukateine 
(OH in position 4; the aliphatic hydroxyl in the former has little affect on the spectrum) ; 
there is, however, also a close agreement with data for laureline (OMe in position 3), as 
recorded by Girardet (J., 1931, 2630). 








Frequencies. Frequencies. 
"Maxima. Minima. Maxima. Minima. | 
Artabotrine 3210 3490 3745 3990 Laureline 3220 3500 3710 3940 
Pukateine 3240 3520 3745 3970 Dicentrine 3200 3380 3540 3900 


The absorption spectra of dicentrine and laurotetanine, with substituents in positions 2 
and 3, were obviously quite different, but the spectrographic evidence does not appear to 
exclude the possibility of two substituents in positions 3 and 4, or to differentiate between 
a single substituent in these two positions (pukateine and laureline). The evidence from 
X-ray analysis makes the presence of a substituent in position 2 unlikely (see appendix). 
Suaveoline is the name given by Santos and Reyes to a base, Cy9H,,0,N, m. p. 182°, 
[a]>” +202 — 206°, obtained from the “‘ phenolic ’’ fraction of the alkaloids of Artabotrys 
suaveolens. Following their procedure and shaking the ethereal solution of the total 
alkaloids with N-sodium hydroxide, we obtained about 4 g. of an alkaloidal mixture which 
consisted almost entirely of artabotrine, for which Santos and Reyes had given the formula 
C,,H,;0,N, m. p. 186°, and [a«]3” +198-7°. This illustrates the acidic properties of 
artabotrine, referred to above, but they are very feeble; the solid so extracted from ethereal 
solution did not dissolve appreciably in sodium hydroxide solution. From the mother- 
liquors of the crude artabotrine, however, there separated, on concentration and keeping, 
320 mg. (0-0013% of the bark) of a truly phenolic alkaloid, C,,H,,0O,N, m. p. 232°, [a]>° 
+ 164°, for which we retain the name suaveoline. It has two active hydrogen atoms 
(one in the alcoholic, one in the phenolic hydroxyl) and two methoxy-groups: it gives a 
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deep purple colour with alcoholic ferric chloride (in contradistinction to artabotrine) and 
is readily soluble in sodium hydroxide solution. It gives the Pellagri reaction, indicating 
that the p-position of a phenolic hydroxyl is unsubstituted (Gadamer, Arch. Pharm., 1911, 
249, 509). Pukateine also gives this reaction and has been synthesised (Barger and Girardet, 
Helv. Chim. Acta, 1931, 14, 481; Barger and Schlittler, ibid., 1932, 15, 381). It is 
4-hydroxy-5 : 6-methylenedioxyaporphine and was at that time the only alkaloid with a 
lone substituent in position 4. Substitution in position 3, corresponding to the phenolic 
group of a tyrosine residue, is biochemically more intelligible, and occurs in laureline among 
aporphine alkaloids, also in coclaurine and in the bisbenzyltetrahydroisoquinolines of the 
oxyacanthine group. When position 3 is already substituted, the entry of a second hydroxyl 
in position 4 or 2 creates no surprise, and is indeed very common. Suaveoline seems, 
however, to be the second example, after pukateine, of an alkaloid containing a lone 
phenolic hydroxy] in position 4 (or in the less likely position 1, which would also make the 
Pellagri reaction positive). Since we were able to convert suaveoline into artabotrine, 
it follows that the latter alkaloid must have a methoxy-group in position 4. 

Artabotrinine. After the extraction of the crude ethereal 
solution of total alkaloids with hydrochloric acid, a small 
quantity of crystals separated from the acid solution on 
keeping. They proved to be the very sparingly soluble 
hydrochloride of a third alkaloid, for which the name artabo- 
trinine is suggested. The free base could not be crystallised, 
but readily yielded crystalline salts and a mitroso-derivative. 
It is C,,.H,,(OMe)(O,CH,)NH and lacks the alcoholic hydroxyl 
of the other two alkaloids. If, as seems likely, the methylene- 
dioxy-group is in positions 5 : 6, the methoxy-group must be 
‘| in position 2, for N-methylartabotrinine is not identical with 

either pukateine methyl ether or with laureline (although 
isomeric with these alkaloids). The small amount available did not permit of further 
investigation; probably artabotrinine is the methyl ether of anolobine (2-hydroxy- 
5 : 6-methylenedioxynoraporphine), recently isolated from the bark of Asimina triloba 
(another member of N.O. Anonacee) by Manske (Canadian J. Res., 1938, 16, B, 76). 

Appendix. Crystallography of Artabotrine. By C. J. Brown and E. G. Cox.—We are 
greatly indebted to these gentlemen for the following account : 

Artabotrine crystallises in large tabular orthorhombic crystals (see figure) exhibiting 
the forms a[100], m[210] and 7[201]. (m: a = 49° 46’, r: a = 56° 27’). Measurements 
of X-ray rotation photographs gave for the cell dimensions [a] = 23-13, [b] = 9-89 and 
[c] = 7-51 A. and the density was found by flotation to be 1-29 g./c.c., so there are four 
molecules of Cy9H,,0,N in the unit cell (M, by X-rays, 332. Calc., 341). From the 
analysis of a series of X-ray oscillation photographs the space-group was found to be P2,2,2,, 
so the possibility of the cell containing two molecules of C,4y7H,,0,N, is excluded. 

The refractive indices (for sodium light) are « = 1-50 (approx.), 8 = 1-67 and y = 1-75. 
[a] is the acute bisectrix, and c (001) the plane of the optic axes. The optic axial angle 
2V is 70° approx. 

From the above results it appears probable that the longest direction of the molecules 
is approximately parallel to [b] and that the planes of the molecules are more nearly 
parallel to a (100) than to c (001). On account of the relatively short length of the [b] axis 
it seems unlikely that the third methoxy-group is in position 2. 





























EXPERIMENTAL. 


Separation of the Alkaloids —The ground bark (25 kg.) was percolated with cold 95% alcohol, 
and the extract evaporated under reduced pressure. We are indebted to the Forestry Service 
of the Philippine Islands for the collection, and to Dr. J. J. Blackie, of Messrs. Duncan, Flockhart 
& Co., for the extraction of the bark. The thick tarry extract (4-25 kg.) was ground with sand 
and saturated aqueous sodium carbonate, and the fine suspension so obtained was extracted 
with ether. The latter was shaken with n-hydrochloric acid, which overnight deposited 3 g. 
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(0-012% of the bark) of artabotrinine hydrochloride. The filtrate from this was basified with 
ammonia and extracted with ether. . After another passage through acid, the second ethereal 
solution was shaken with n-sodium hydroxide and then with n-hydrochloric acid. The latter, 
on addition of ammonia, yielded 44 g. of crude crystalline artabotrine. From the former 
solution the supposed phenolic alkaloid was precipitated by carbon dioxide. After filtration 
and solution in hydrochloric acid, ether removed some colouring matter. After a second passage 
through acid the ethereal extract was dried and greatly concentrated; 3—4 g. of crystalline 
artabotrine then separated, making with the main quantity a total of 0-19%. The green ethereal 
mother-liquor on further concentration deposited after a week 320 mg. (0-0013%) of crystalline 
suaveoline. Artabotrine forms flat rhombs with bevelled edges from acetone (see appendix 
above); also stout prisms. After three crystallisations they had m. p. 185—186°. The base 
is readily soluble in methanol, ethyl alcohol, acetone and benzene, sparingly in ether and ethyl 
acetate, and very sparingly in ligroin. The reaction with ethereal ferric chloride is mentioned on 
p. 992 ; there was no coloration with an alcoholic solution [Found: C, 70-6, 70-8; H, 7-0, 7-0; N, 4-1; 
OMe, 26-9; NMe, 3-6; active H, 0-308, 0-284; equiv. with hydrochloric acid and methyl- 
red, 331. Calc. for C,,H,.(OH)(OMe),NMe: C, 70-4; H, 6-8; N, 4-1; OMe, 27-3; NMe, 4-4; 
active H, 0-:293% ; equiv., 341]. [a]}*° + 194-8° (c 1-86, chloroform). The hydrochloride obtained 
in the determination of the equivalent, after two crystallisations from methanol, formed colourless 
needles, m. p. 226—227°. Gaebel’s test for methylenedioxy-groups was negative; after treat- 
ment with hydroxylamine the alkaloid was recovered unchanged; bromine in chloroform, and 
permanganate in pure acetone, were not decolorised, and no hydrogen was absorbed on shaking 
with platinum oxide for 6 hours. Artabotrine yielded with an equal weight of phenyl isocyanate 
in chloroform a colourless, neutral, viscous oil; 45% of the alkaloid was recovered unchanged. 

Acetylartabotrine. After heating with acetic anhydride and sodium acetate, and addition of 
water, an oil separated which in a few hours crystallised to a mass of fine needles. After 
recrystallisation from 90% alcohol the hydrated substance melted at 97—99° [Found: C, 63-0; 
H, 6-7; N, 3-0; CH,-CO, 12-1; H,O, 7-5. C. 9H,,.0,N(CH,°CO),2H,O requires C, 63-0; H, 6-9; 
N, 3-3; CH,-CO, 10:3; H,O, 8-6%]; the anhydrous substance had m. p. 118—119°. The 
acetyl compound was soluble in warm dilute hydrochloric acid, but did not readily form a 
methiodide. 

O-Methylartabotrine. (a) By nascent diazomethane. Artabotrine (0-1 g.) in methyl alcohol 
(20 c.c.) was mixed at 0° with nitcoso-N-methylurethane (3 c.c.), 10 drops of 25% methyl- 
alcoholic potassium hydroxide added, and the solution left overnight in a refrigerator. After 
a further addition of the reagents and again keeping overnight, the solution was diluted with 
20 c.c. of acidified water, and the alcohol removed under reduced pressure. On basification and 
extraction with ether, a colourless syrup (90 mg.) was obtained, which, unlike artabotrine, was 
readily soluble in ether. O-Methylartabotrine had [«]}** +182-2° in chloroform (c, 2-9). Since 
the syrup could not be crystallised, it was refluxed in methanol with methyl iodide. O-Methylarta- 
botrine methiodide formed fine needles from methanol, m. p. 254—255° [Found: OMe, 26-1. 
C,,H,,.N(OMe),I requires OMe, 25-0%]. (b) By methyl sulphate. Finely powdered artabotrine 
(0-6 g.), suspended in 2n-sodium hydroxide (15 c.c.), was shaken with methyl sulphate (1 c.c.) 
for 30 minutes, and again after addition of another c.c. After being heated with 4n-sodium 
hydroxide on the water-bath, the solution was extracted with chloroform. The extract was 
dried with sodium sulphate and concentrated; 0-6 g. of a crystalline powder separated, which, 
recrystallised from methyl alcohol-ether, formed minute needles, m. p. 255—256°, soluble in 
water [Found : C, 57-4; H, 6-2; N, 2-9; S, 6-8; OMe, 32-2. C,,H,,0,;NS(OMe), requires C, 
57-4; H, 6-4; N, 2:9; S, 6-6; OMe, 32-2%]. On addition of potassium iodide to an aqueous 
solution of the above O-methylartabotrine methosulphate, the methiodide crystallised, identical 
with that prepared by means of diazomethane (Found: I, 24-0. Calc. for C,,H,,O,NI: I, 
25-5%). 

Action of ethyl chloroformate. Artabotrine (0-5 g.) in chloroform (15 c.c.), to which a little 
ice had been added, was shaken with ethyl chloroformate (0-32 g.) and solid potassium hydroxide 
(0-28 g.) for l hour. After addition of more ice and the same amounts of the last two reagents 
and further shaking, the chloroform layer was separated, washed with acid and dried; the acid 
washings gave no Mayer reaction. The chloroform yielded a syrup, which became solid on 
rubbing with ether and crystallised from this solvent in faintly orange, rhomb-shaped plates, 
m. p. 109—110° [Found: C, 66-9; H, 6-6. C,,.H,,0,N(CO,Et) requires C, 66-8; H, 6-5%]). 
The substance was optically inactive (in chloroform, c 2-9). 

Hofmann degradation. Artabotrine methiodide, prepared in quantitative yield by refluxing 
the alkaloid in methanol with methyl iodide, crystallised from methanol in needles, m. p. 224— 
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225° (Found: C, 52-2; H, 5-5; N, 2-7; I, 27-6. C,9H,,;0,N,CH,I requires C, 52-2; H, 5-4; 
N, 2-9; I, 26-3%). The methiodide (2-4 g.) was refluxed for 6 hours with 20% alcoholic 
potassium hydroxide (120 c.c.). After extraction with ether, the dried solution, which had a 
bluish-violet fluorescence, left 1-45 g. (80%) of crystalline ariabotrine methine; this formed 
lustrous rhomb-shaped plates, m. p. 122—123°, from 90% alcohol (Found: C, 70-7; H, 6-9; 
N, 4:1. C,,H,,0,N requires C, 71:0; H, 7-0; N, 40%). [a] —183° in absolute alcohol 
(c, 1-65). The methine decolorised bromine in chloroform and permanganate in acetone; it was 
completely destroyed when ozonised according to Bruchhausen and Gericke (Arch. Pharm., 
1931, 269, 115) and when oxidised with nitric acid according to Warnat (Ber., 1925, 58, 2768). 
Dihydroartabotrine methine was obtained by catalytic reduction in absolute alcohol with platinum 
oxide; 1 mol. of hydrogen was absorbed in 5 minutes; 140 mg. of the methine yielded 107 mg. 
of a syrup, which crystallised, on addition of water to its solution in 2-5 c.c. of methanol and 
keeping overnight, in minute truncated prisms, m. p. 80—81° (Found: C, 70-5; H, 7-5. 
C,,H,,0,N requires C, 70-6; H, 7-6%). It was stable to bromine in chloroform. 

The methine methochloride (from the methine methiodide and silver chloride) gave no 
definite product other than trimethylamine when it was treated in aqueous solution according to 
Hofmann or Emde. Better results were obtained as follows : The methine (1-45 g.) in methanol 
(20 c.c.) was refluxed with methyl iodide (2-5 c.c.) for 14 hours and left overnight. The 
excess of methyl iodide was then boiled off, methyl alcohol (90 c.c.) and solid potassium hydroxide 
(15 g.) added, and the solution refluxed for 6 hours. Trimethylamine was identified as the 
picrate. Water (350 c.c.) containing a slight excess of sulphuric acid was added, and the 
suspension of precipitated potassium sulphate and the vinyl compound extracted with ether ; 
the extract had a deep orange colour and a strong blue-violet fluorescence and after washing 
and drying left 0-85 g. (75%) of the brick-red vinyl compound, m. p. 108—109°. Recrystallised 
from ligroin (b. p. 100—120°), this formed clusters of stout, yellow-orange prisms, m. p. 115— 
116° [Found: C, 72-9; H, 6-0; OMe, 29-7. C,,H,O(OMe), requires C, 73-5; H, 5-8; OMe, 
30-0%], very soluble in chloroform, moderately in acetone and ether, slightly in ethyl alcohol 
and ligroin. It dissolved very slowly in 25% aqueous potassium hydroxide to a yellow-green 
solution, from which it was reprecipitated by acid. Its solution in concentrated sulphuric acid 
was blue-green, changing to deep blue on warming; in cold concentrated nitric acid it dissolved 
with a deep orange-red colour. The deep red solution in glacial acetic acid rapidly absorbed 
1 mol. of hydrogen when shaken with platinum oxide in hydrogen and became practically 
colourless, but at once turned deep red in contact with air. After this treatment the product 
could no longer be crystallised. The oxidation of the vinyl compound by permanganate in 
acetone also failed to yield a crystalline product. 

Oxidation with Beckmann’s mixture. To artabotrine (1 g.) in 25% sulphuric acid (4 c.c.) 
at 30—35°, a solution of potassium dichromate (0-32 g.; 1-1 atoms of O) in 25% sulphuric acid 
(2-5 c.c.) was added during 1 hour. After basification, ether extracted a deep orange-red sub- 
stance, the colour of which was rapidly discharged by sulphur dioxide. The dried ethereal 
solution yielded a small quantity of ruby-red prisms, m. p. 172—174°; a mixture with an equal 
quantity of artabotrine (m. p. 185—186°) had m. p. 176—177°. Ina high vacuum, colourless 
crystals of artabotrine sublimed and the red mixture decomposed. The original red crystals 
gave the Laubenheimer reaction for phenanthraquinone, but the dye was basic and had to be 
liberated with sodium hydroxide before extraction with ether or chloroform. Control experi- 
ments with pukateine and laurotetanine gave no trace of a coloured oxidation product. 

Oxidation with potassium permanganate. Artabotrine (2 g.) was dissolved in very dilute 
hydrochloric acid, and sodium carbonate added until a slight turbidity occurred. A 3% aqueous 
permanganate solution was added, 10c.c. (0-550) atatime. After 14 atoms of oxygen had been 
taken up at room temperature, the oxidation was completed on the water-bath; 23 atoms were 
taken up inall. The filtered and concentrated solution was acidified and extracted with ether 
in a continuous apparatus for 48 hours. The residue from the ether was dissolved in 100 c.c. of 
boiling water, freed from oxalic acid by calcium acetate, and again acidified and continuously 
extracted. The ether left 43 mg. of a crystalline residue, which formed slightly pink, blade-like 
needles from absolute alcohol, m. p. 203—204°. The colour.could not be completely removed 
by recrystallisation, but the acid sublimed without decomposition at 200—225°/15 mm. in pale 
yellow needles [Found : C, 55-1; H, 3-6; OMe, 24:3; equiv., 239; equiv. after boiling for 10 
minutes with excess of alkali and back-titration, 119-5. C,H,O,(OMe),-CO,H requires C, 55-4; 
H, 4:2; OMe, 25-2%; equiv., 238 and 119]. The substance gave a strong yellow-green 
fluorescence when heated with resorcinol and sulphuric acid. 

2:4- and 2: 5-Dimethoxyphthalide-a-carboxylic Acids.—2:4- and 2: 5-Dimethoxybenzoic 
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acids were condensed with chloral and concentrated sulphuric acid in the manner described 
for the 3: 4-dimethoxy-acid by Meldrum and Parikh (Proc. Indian Acad. Sci., 1935, 1, A, 
437; compare Fritsche, Annalen, 1897, 296, 344; 1898, 301, 352) and the products were 
hydrolysed. Both acids were obtained in poor yield. The 2: 4-acid melted at 149—150°, 
the 2: 5-acid at 186—187°, both with decomposition. The m. p.’s of both acids and of 3: 4- 
dimethoxyphthalide-«-carboxylic acid (m. p. 206—207°) were all greatly depressed by the 
oxidation product from artabotrine; none of the three synthetic acids gave the fluorescein 
reaction. 

Suaveoline.—This, after two recrystallisations from methanol, formed bundles of needles 
and prisms, m. p. 232° [Found: C, 69-8, 69-8; H, 6-5, 6-5; N, 4:3, 4:3; OMe, 17-3; NMe, 
3-9; active H, 0-59. Calc. for C,,H,)(OH),(OMe),NMe: C, 69-7; H, 6-4; N, 4-3; OMe, 18-9; 
NMe, 4:6; active H, 061%]. [a]}®** + 164° in chloroform (c, 1-22). Suaveoline is very soluble 
in chloroform, moderately in methanol, and sparingly in acetone, ether and benzene; it dissolves 
readily in 2N-sodium hydroxide and gives in alcoholic solution a purple coloration with ferric 
chloride; it gives the Pellagri test. 

Suaveoline (30 mg.), dissolved in methanol (25 c.c.), was methylated with nascent diazo- 
methane, as described for artabotrine, and yielded a syrup (27 mg.), which was converted into a 
methiodide, m. p. 245—246° [Found : OMe, 25-7. Calc. for C,,H,,N(OMe),I: OMe, 25-0%]. 
A mixture in equal proportions with O-methylartabotrine methiodide (m. p. 253°) melted at 
248—249°. 

Artabotrinine.—The free base liberated from the hydrochloride (see p. 994, separation of 
alkaloids) could not be crystallised. Its hydrochloride dissolved in 200 parts of water at 50— 
60°, from which it crystallised on addition of a soluble chloride; artabotrinine hydrochloride 
formed slender needles, m. p. 273—274° [Found : C, 65-2, 65-1; H, 5-4, 5-5; N, 4:3; Cl, 10-7; 
OMe, 9-6; active H, 0-597. C,.H,,(OMe)(CH,O,)NH,HCI requires C, 65-2; H, 5-4; N, 4-2; 
Cl, 10-7; OMe, 9-4; active H, 0-603%]. The free base had [«]}** —18-9° in chloroform (c, 
2-69), the hydrochloride [«]}% —41-8° + 4-2° in alcohol (c, 0-24). The method of Herzig and 
Meyer revealed no N-methyl group, but the Gaebel test for a methylenedioxy-group was positive. 
Nitrosoartabotrinine formed tan-coloured, hexagonal plates, m. p. 203—204°, from alcohol 
(Found: N, 8-2. C,,H,,O,N, requires N, 8-6%). N-Methylartabotrinine was formed by 
refluxing the free base (0-6 g.; 1-0 mol.) for 2 hours with formic acid (0-48 g. of a 25% solution ; 
1-2 mols.) and formaldehyde (0-38 g. of a 40% solution; 2-4 mols.) in 10 c.c. of water. An 
ethereal extract of the product left, on evaporation, a semicrystalline mixture of the secondary 
and the tertiary base, which was dissolved in acetic anhydride; next day, when the excess of 
acetic anhydride was decomposed with n-hydrochloric acid, 30 mg. of an oily N-acetyl derivative 
and 0-28 g. of a base were obtained; the latter formed needles, m. p. 132—133°, from alcohol 
(Found: C, 74:1; H, 6-0; N, 4-7. Cy, 9H,,0,N requires C, 73-8; H, 6-2; N,4-5%). [a]}® —53-8° 
in absolute alcohol (c, 0-424). 

A mixture of N-methylartabotrinine and the isomeride O-methyipukateine (m. p. 137°) 
melted at 98—99°. N-Methylartabotrinine yielded a methiodide, m. p. 223—224°. 

Replacement of the methylenedioxy-group by two methoxy-groups. A solution of artabotrinine 
hydrochloride (0-5 g.) and phloroglucinol (0-7 g.) in 40% sulphuric acid (11 c.c.) was boiled for 
5 minutes and then kept at 100° for 16 hours. After dilution with boiling water (2 vols.) the 
bulky phloroglucinol condensation product was filtered off and washed with hot water. The 
orange-coloured filtrate was extracted with ether continuously for 16 hours, basified with 
concentrated aqueous ammonia, and rapidly extracted with ether. The dried ethereal solution 
was evaporated over paraffin wax in an atmosphere of carbon dioxide. The pale tan-coloured 
dihydroxy-compound (50 mg.) was amorphous; it gave a deep blue-green coloration with ferric 
chloride, and only a slight precipitate with Mayer’s reagent; it readily reduced Fehling’s 
solution. It reacted violently with nascent diazomethane at 0°; half the material was lost 
when the mixture exploded. The methylated base gave a heavy precipitate with Mayer’s 
reagent, but the small amount could not be purified [Found: OMe, 22-5. C,g.H,gN(OMe),; 
requires OMe, 29-9%]. 


The cost of this investigation was partly met by a grant from the Carnegie Fund of the 
Scottish Universities, hereby gratefully acknowledged. 
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212. Steroids and Related Compounds. Part III. The Constitution 
of Westphalen’s Diol. 


By VLADIMIR A. PETROW. 


A retropinacolinic change, involving a hitherto unrecorded structural rearrange- 
ment of the steroid molecule, has been held responsible for the formation of West- 
phalen’s diol during the dehydration of cholestane-3 : 5: 6-triol (I; R = R, = H), 
leading to 5-methyl-A*‘*-norcholestene-3 : 6-diol (II; R = H) (cf. Part II). Further 
evidence in support of this formulation has now been obtained by a study of the inter- 
relationship of a series of oxidation products of the diol. 


THE constitution of a 5-methy]l-A®*®-norcholestene-3 : 6-diol (II; R = H) has been assigned 
by Petrow, Rosenheim, and Starling (J., 1938, 677) to the diol obtained as a diacetate by 
Westphalen (Ber., 1915, 48, 1064) when he dehydrated 5-hydroxy-3 : 6-diacetoxycholestane 
(I; R =R, = Ac) with concentrated sulphuric acid in acetic anhydride solution. The 
method of preparation has now been improved, and the yield of Westphalen’s diacetate 
increased, by the use of potassium hydrogen sulphate as the dehydrating agent. Further, 
under these conditions the same diacetate is obtained when 5-hydroxy-3 : 6-diacetoxy- 
cholestane (I; R = R, = Ac) is dehydrated in propionic anhydride solution. Evidence is 
thus supplied for the position at C, and C, of the two secondary hydroxyl groups in West- 
phalen’s diol. This fact, together with the analogous result of the dehydration of 5- 
hydroxy-6-acetoxy-3-methoxycholestane (I; R = Me, R, = Ac) (Petrow, J., 1937, 1077), 
proves conclusively that the elimination of the tertiary group from C; (or Cy) is the deter- 
mining factor of the reaction and the final outcome of the retropinacolinic rearrangement 
(cf. Lettré and Miiller, Ber., 1937, 70, 1947). The possibility of a spiran formation (IIa) 
during this rearrangement is excluded by the result of the dehydrogenation with selenium of 
the diacetate of Westphalen’s diol, which furnished the hydrocarbon “‘ C,;H,,’’, a typical 
dehydrogenation product of cholesterol containing the cyclopentenophenanthrene ring 
system. 

The experimental results obtained by oxidation of Westphalen’s diacetate find a ready 
interpretation if the position Cg., for the ethylenic linkage of the diol, assigned to it for 
other reasons in Part II (Petrow, Rosenheim, and Starling, Joc. cit.), is assumed. This 
conclusion is confirmed, although not definitely proved, by a study of the inter-relationship 
of the whole series of oxidation products with perbenzoic acid, hydrogen peroxide, selenium 
dioxide, and chromic acid, which will be conveniently discussed on the basis of a Cg. 
ethylenic linkage in Westphalen’s diol. 

On oxidation with chromic acid, Westphalen’s diol (II; R =H) furnishes 5-methyl- 
A®*®-norcholestene-3 : 6-dione (III) (Part II, loc. cit.). When this unsaturated diketone 
in acetic acid solution is treated with hydrogen peroxide at room temperature, a saturated 
dione-oxide, C,,H,,0;, m. p. 133°, is obtained which is characterised by a mono-o-tolyl- 
semicarbazone, m. p. 225°. The structure of this compound follows from the observation 
that the identical dione-oxide results as the end-product of the following series of reactions : 
The diacetate (II; R = Ac) yields with perbenzoic acid or with hydrogen peroxide a satur- 
ated diacetate, Cs,H,90,;, m. p. 133-5°, from which 5-methylnorcholestane-3 : 6-diol-8 : 9- 
oxide (V; R =H) is obtained on hydrolysis. The diacetate (V; R = Ac) is recovered 
unchanged on acetylation of the diol, and also after treatment with dinitrophenylhydrazine, 
proving the absence of alcoholic or ketonic functions of the newly introduced oxygen atom. 
On oxidation of the diol(V ; R =H) with chromic acid the dione-oxide, m. p. 133° (see above), 
is obtained, which may therefore be formulated as 5-methylnorcholestane-3 : 6-dione-8 : 9- 
oxide (IV). The oxide ring of both (IV) and (V) is thus unaffected by the oxidising agent in 
agreement with the view that the two tertiary carbon atoms C, and C, are bridged by oxygen 
(cf. Ruzicka and Bosshard, Helv. Chim. Acta, 1937, 20, 224). 

Westphalen’s diol reacts readily with selenium dioxide in alcoholic solution (Part II, 
loc. cit.), a reaction which has now been found to give rise to the introduction of a hydroxyl 
group, in analogy to the reaction of selenium dioxide on cholesterol (cf. Rosenheim and 
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Starling, J., 1937, 377). Owing to its relatively sparing solubility in the usual solvents the 
main reaction product, an unsaturated ériol, C,,H,,O03, m. p. 223°, is easily isolated. The 
position at C,, has been assigned to the newly introduced hydroxyl group, the alternative 
position at C, being excluded since the triol does not function as an «-glycol and does not 
react with lead tetra-acetate (Criegee, Ber., 1931, 64, 260). On acetylation the triol yields 
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only a diacetate, C3,H,,90,, m. p. 184-5°, which is formulated as 3 : 6-diacetoxy-5-methyl- 
A®*®_norcholesten-11-ol (VI; R = Ac). The inert character of the hydroxyl group at C,, 
in the diacetate is also shown by its resistance to benzoylation and to the Oppenauer oxida- 
tion with aluminium #ert.-butoxide in acetone—benzene solution (Rec. Trav. chim., 1937, 
56, 137). Its function as a secondary alcohol, however, is demonstrated by the ready 
formation in high yield of 3 : 6-dtacetoxy-5-methylnorcholestane-11-one-8 : 9-oxide (VII; 
R = Ac), m. p. 160-5°, when the diacetate (VI; R = Ac) is oxidised with chromic acid. 
The simultaneous formation of an oxide ring on the ethylenic linkage of an «f-unsaturated 
steroid alcohol with chromic acid has previously been observed (Rosenheim and King, 
Nature, 1937, 139, 1015). 

The constitution assigned to (VII) is confirmed by the observation that the same com- 
pound, m. p. 160-5°, is obtained by direct oxidation of Westphalen’s diacetate (II; R = 
Ac) with chromic acid at 55—60°, presumably by way of (VI) as an intermediate. In 
analogy with the corresponding corticosterone derivative (Reichstein, Helv. Chim. Acta, 
1937, 19, 29)» the carbonyl group at C,, does not react with ketonic reagents. Its inert 
character may be ascribed to steric hindrance of the oxide ring at Cg., in the present case. 

On hydrolysis with alcoholic potassium hydroxide, (VII) yields 5-methylnorcholestane-3 : 6- 
diol-11-one-8 : 9-oxide (VIIa), m. p. 220°, which is readily oxidised to 5-methylnorcholestane- 
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3:6: 1l-trione-8 : 9-oxide (VIII), m. p. 166-5°. The trione does not react with lead tetra- 
acetate and its failure to yield a quinoxaline derivative with o-phenylenediamine and to give 
a coloration with ferric chloride proves the 
absence of an o-ketonic grouping. These observ- 
ations supplement the evidence (see above) 
against the assignation to C, of the newly intro- 
duced hydroxyl or carbonyl group. 

An interesting relationship has been found to 
exist between the oxidation products of West- 
phalen’s diol obtained with selenium dioxide and 
with perbenzoic acid, which is unambiguously 
interpreted on the basis of the formulz assigned 
to them (V and VI respectively). Both compounds 
easily undergo partial dehydration, (V) by treat- 
ment with alcoholic hydrochloric acid and (VI) by 
dehydration with sodium acetate-acetic anhydride. 
The main product in both cases is a doubly 
unsaturated diol, C,,H,,0., m. p. 102° («-com- 
pound), accompanied by an isomeride, m. p. 182° 
(8-compound). The isomerides differ charac- 
teristically in their ultra-violet absorption spectra. 
The a-compound, to which the formula of 5- 
methyl-A® *91D_norcholestadiene-3 : 6-diol (IX) is 
assigned, shows a typical three-banded spectrum 
of high intensity (Figure), resembling that of 
, + ——— ergosterol (Pohl, Nachr. Ges. Wiss. Gottingen, 1926, 
., . by gth, ~ 185) and indicating a system of conjugated link- 

ages situated in one ring. The absorption, 
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The ultra-violet absorption of the $-compound, 
on the other hand, shows a single band of low intensity, concordant with a system of 
conjugated ethylenic linkages spread over three rings as in (X). 
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In agreement with this assumption the B-compound forms easily and in good yield an adduct 
with maleic anhydride at 80°, whereas the «-compound behaves like ergosterol (Windaus 
and Luttringhaus, Ber., 1931, 64, 850) and is recovered unchanged under these conditions, 
forming an adduct only at 135°. Both compounds give an intense green Tortelli—Jaffé 
reaction and a blue colour with arsenic and antimony trichloride, and regenerate, in poor 
yield, Westphalen’s diol on catalytic hydrogenation. 





EXPERIMENTAL. ° 


The analyses are microanalyses by Dr. G. Weiler, Oxford. Optical rotations were measured 
in chloroform solution in a 2-dm. tube. All melting points are corrected. 
Dehydration of 5-Hydroxy-3 : 6-diacetoxycholestane.—(a) The sulphuric acid method of dehy- 
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dration employed by Westphalen (Joc. cit.) is suitable only for quantities of material up to 2 g. 
(cf. J., 1934, 1580). For the preparation of larger quantities the following improved method was 
adopted: 50 G. of 5-hydroxy-3 : 6-diacetoxycholestane and 12 g. of potassium hydrogen 
sulphate were heated with 250 ml. of acetic anhydride for 15 mins. on the water-bath. The 
solution was poured into saturated brine and kept overnight. The crystalline precipitate was 
collected and recrystallised once (norit) from aqueous acetone. Yield 45—50%, m. p. 128°. 

(b) 2 G. of 5-hydroxy-3 : 6-diacetoxycholestane, 0-5 g. of potassium hydrogen sulphate, and 
8 ml. of propionic anhydride were heated for 15 minutes on the water-bath. The product, worked 
up as in (a), yielded prisms of the Westphalen diacetate, m. p. 127—128° alone or in admixture 
with an authentic specimen. Yield, 35%. 

Dehydrogenation.—Westphalen’s diacetate (40 g.) and selenium (40 g.) were heated for 1 
hour at 300—310° and for a further 40 hours at 340—360°. The product was extracted (benzene), 
and the solution filtered through a column of active alumina. The fluorescent oil left on removal 
of the solvent (20 g.) was distilled in a vacuum. The fraction, b. p. 285—305°/15 mm., was 
dissolved in light petroleum; the yellow solid (150 mg.) deposited after 24 hours crystallised 
from acetic acid and acetic anhydride in faintly yellow plates of the ‘‘ C,,H,,” hydrocarbon, 
m. p. 224—225° (Found: C, 92-9; H, 7-0. Calc.: C, 92-5; H, 7-5%), identified by its mixed 
melting point with an authentic specimen kindly supplied by Prof. J. W. Cook, no depression 
being obtained, and by its ultra-violet absorption spectrum (cf. Diels and Klare, Ber., 1934, 
67, 113). 

3: 6-Diacetoxy-5-methylnorcholestane-8 : 9-oxide (V; R= Ac).—(a) 1 G. of Westphalen’s 
diacetate in 25 ml. of acetic acid was treated for 2 days at room temperature with 1 ml. of per- 
hydrol. The product was poured into saturated brine, and the precipitated solids crystallised 
from aqueous methyl alcohol-acetone. 3 : 6-Diacetoxy-5-methylnorcholestane-8 : 9-oxide formed 
flat needles, m. p. 132-5—133-5°, [«]}®° + 8-7° (c, 2-865) (Found: C, 74-2; H, 9-9. C,,H,,0, 
requires C, 74:1; H, 10-0%), readily soluble in the usual solvents. The compound gave no 
colour with tetranitromethane, and was unaffected by sodium acetate—acetic anhydride, 2: 4- 
dinitrophenylhydrazine, and thionyl chloride in pyridine. It gave a positive Tortelli—Jaffé 
reaction and blue colours with arsenic trichloride and Rosenheim’s mercury reagent (Rosenheim 
and Callow, Biochem. J., 1931, 25, 74). Yield, 30%. 

(b) 1 G. of Westphalen’s diacetate was treated with 4 ml. of a chloroform solution of per- 
benzoic acid containing 0-032 g. of active oxygen (equiv. to 1-1 atoms of oxygen) for 3 days at 
room temperature. The solution was washed with potassium hydroxide, the solvent removed, 
and the residue crystallised from aqueous acetone-methyl alcohol. 3: 6-Diacetoxy-5-methyl- 
norcholestane-8 : 9-oxide, obtained in a yield of 20%, was identified by m. p., mixed m. p., and 
optical rotation with the compound obtained by the action of perhydrol (above). 

5-Methylnorcholestane-3 : 6-diol-8 : 9-oxide (V; R =H), obtained from the diacetate by 
hydrolysis with alcoholic potassium hydroxide, separated from aqueous acetone or from benzene 
as a jelly which became granular on standing, m. p. 174-5—175-5°, [a]}® + 35-3° (c, 2-125). 

5-Methylnorcholestane-3 : 6-dione-8 : 9-oxide (IV).—(a) 1 G. of Westphalen’s diketone (Part 
II, loc. cit.) in 25 ml. of acetic acid was treated with 1 ml. of perhydrol for 3 days at room 
temperature. The product was poured into saturated brine and next day the precipitated solids 
were collected and crystallised from aqueous acetone. 5-Methylnorcholestane-3 : 6-dione-8 : 9- 
oxide formed long needles, m. p. 182—133° (softens at 120°), [a]}?” — 35° (c, 2-0) (Found: C, 
78-1; H, 9-8. C,,H,,O, requires C, 78-2; H, 10-1%), readily soluble in most organic solvents. 
Yield, 55%. The mono-o-tolylsemicarbazone was obtained by warming a solution of the diketone 
(50 mg.) in alcohol (1 ml.) with a solution of o-tolylsemicarbazide in alcohol (5 ml., containing 
2 drops of acetic acid) on the steam-bath; recrystallised from chloroform-alcohol, it formed 
rectangular plates, m. p. 224—225° (decomp.) (Found: N, 7-0. C,,;H,;,0,N, requires N, 
7:7%). 

(b) 1 G. of 5-methylnorcholestane-3 ; 6-diol-8 : 9-oxide in 15 ml. of benzene was shaken with 
0-7 g. of chromic acid in 2 ml. of water and 20 ml. of acetic acid for 5 hours at room temperature. 
The neutral fraction of the oxidation product, on crystallisation from aqueous acetone-methyl 
alcohol, gave long needles of 5-methylnorcholestane-3 : 6-dione-8 : 9-oxide, m. p. 132—133°, 
[a]}?” — 35° (c, 2-0) (Found: C, 78-1; H, 9-9%). Yield, 65%. 

5-Methyl-A***-norcholestene-3 : 6: 11-iriol (VI; R= H).—9 G. of Westphalen’s diol in 
300 ml. of spirit were treated with 9 g. of selenium dioxide in 30 ml. of water. Precipitation of 
selenium began almost immediately. After 5 hours at room temperature the precipitated 
selenium (1-28 g., equiv. to 0-87 atom of selenium) was filtered off, and the solution poured into 
water and extracted with ether, The extract was washed with potassium cyanide solution 
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until free from selenium, and the ether removed. The residual oil was refluxed with 150 ml. of 
light petroleum and kept overnight. The precipitated microcrystalline deposit was purified 
from boiling alcohol and boiling benzene. 5-Methyl-A®* *-norcholestene-3 : 6 : 11-triol formed 
needles, m. p. 223° (decomp.) (Found : C, 77-2; H, 10-8. C,,H4,O; requires C, 77-5; H, 11-0%), 
sparingly soluble in the usual solvents. Yield, 25%. The compound gave a blue-green Tortelli— 
Jaffé reaction and a transient pink colour, followed by a peacock-blue, with arsenic trichloride. 

3 : 6-Diacetoxy-5-methyl-A® * *-norcholesten-11-ol was prepared by treating the triol (1 g.) in 
pyridine (16 ml.) with 8 ml. of redistilled acetic anhydride for 3 days at room temperature. The 
liquid was poured into water, and the precipitated solids purified from aqueous acetone—methyl 
alcohol. The compound formed flat needles, m. p. 183-5—184-5°, [a]}” — 21-0° (c, 2-49) 
(Found: C, 73-7; H, 9-9. C3,H,9O, requires C, 74-1; H, 10-0%), moderately readily soluble 
in the usual solvents. Yield, almost quantitative. 

Attempts to acetylate the free hydroxyl group at C,, were not successful, dehydration occur- 
ring. Benzoyl chloride in pyridine was without effect. The compound was recovered un- 
changed after refluxing for 10 hours with the Oppenauer reagent in benzene—acetone solution. 

3 : 6-Diacetoxy-5-methylnorcholestan-11-one-8 : 9-oxide (VII; R = Ac).—(a) 400 Mg. of 
3 : 6-diacetoxy-5-methyl-A®‘*-norcholesten-11-ol in 6 ml. of benzene were shaken with 250 mg. 
of chromic acid in 2 ml. of water and 8 ml. of acetic acid for 6 hours at room temperature. The 
neutral fraction of the oxidation product, purified from aqueous acetone-methyl alcohol, 
yielded needles of 3 : 6-diacetoxy-5-methylnorcholestan-11-one-8 : 9-oxide, m. p. 159-5—160-5°, 
(a}}?" + 121° (c, 1-9) (Found: C, 71-4; H, 9-2. C,,H,,O, requires C, 72-1; H, 93%). 
Yield, 40%. 

(b) To 400 mg. of 3: 6-diacetoxy-5-methyl-A®**-norcholesten-1l-ol in 8 ml. of benzene 
were added dropwise with vigorous stirring during 4 hours at 0° 1-2 ml. of Kiliani’s chromic 
acid mixture in 2 ml. of acetic acid. The neutral fraction of the oxidation product yielded 
3 : 6-diacetoxy-5-methylnorcholestan-11l-one-8 : 9-oxide in a yield of 60%. 

(c) 2 G. of Westphalen’s diacetate in 25 ml. of acetic acid were treated at 55—60°, with 
stirring, with a solution of 1-5 g. of chromic acid in 2 ml. of water and 3 ml. of acetic acid, added 
dropwise during 2 hours. After being kept for a further hour at this temperature, the liquid 
was diluted with water and extracted with ether. The neutral portion of the oxidation product 
was crystallised from aqueous methyl alcohol. 3 : 6-Diacetoxy-5-methylnorcholestan-11-one- 
8 : 9-oxide formed flat needles, m. p. 159-5—160-5°, [a]}® + 120° (c, 2-035) (Found: C, 72-1; 
H, 9-2%). Yield, 30%. The compound did not show the steroid colour reactions and did not 
contain a hydroxyl group (negative Zerewitinoff test). It was recovered unchanged after treat- 
ment with acetic anhydride, hydroxylamine, and 2: 4-dinitrophenylhydrazine. Bromine was 
absorbed after a short period of induction. The compound did not show selective absorption 
in the ultra-violet. 

Attempts to reduce the keto-group were not successful. Aluminium isopropoxide was 
without effect; sodium in alcohol yielded a gum. Attempts to hydrolyse the oxide ring with 
alcoholic hydrochloric acid failed owing to resinification. 

Hydrolysis of the diacetate with excess of 5% methy]-alcoholic potassium hydroxide, followed 
by crystallisation from aqueous methyl alcohol, gave 5-methylnorcholestane-3 : 6-diol-11-one- 
8 : 9-oxide (VIIa) in fine silky needles, m. p. 219—220° (sintering at 203°), [a]]?° + 123° (c, 1-5) 
(Found: C, 74-6; H, 10-3. C,,H,,O, requires C, 75-0; H, 10-2%), readily soluble in acetone 
and alcohol, and sparingly soluble in light petroleum. Yield, almost quantitative. On 
acetylation the original diacetate, m. p. 160-5°, was obtained. The compound was unaffected 
by lead tetra-acetate. 

5-Methylnorcholestane-3 : 6 : 11-trione-8 : 9-oxide (VIII).—A suspension of 1 g. of 5-methy]l- 
norcholestane-3 : 6-diol-11-one-8 : 9-oxide in 15 ml. of benzene was shaken for 6 hours with a 
solution of 0-66 g. of chromic acid in 7 ml. of water and 15 ml. of acetic acid. The neutral 
fraction of the oxidation product was purified from aqueous acetone—methy]l alcohol and yielded 
flat needles (0-58 g.) of 5-methylnorcholestane-3 : 6 : 11-trione-8 : 9-oxide, m. p. 165-5—166-5°, 
[a]P" + 134° (c, 2-0) (Found: C, 75-4; H, 9-2. C,,H,,O, requires C, 75-7; H, 9-3%), readily 
soluble in the usual solvents. The compound was recovered unchanged after (a) refluxing with 
acetic anhydride-sodium acetate, (b) treatment with hydrogen chloride in chloroform, and (c) 
refluxing for 1 hour with 5% alcoholic sulphuric acid. It did not give a coloration with ferric 
chloride or yield a quinoxaline derivative on heating with o-phenylenediamine at 140—150° for 
35 minutes. Lead tetra-acetate at room temperature was without effect. 

a- and §-5-Methylnorcholestadiene-3 : 6-diols—(a) 1 G. of 3: 6-diacetoxy-5-methylnor- 
cholestane-8 : 9-oxide in 20 ml. of spirit was refluxed for 30 minutes with 1 ml. of concentrated 
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hydrochloric acid, the solution turning pink. The oily product, isolated with ether, was refluxed 
for 1 hour with 8 ml. of acetic anhydride and 1 g. of anhydrous sodium acetate, and the excess 
of acetic anhydride decomposed with water. The product was fractionated from aqueous methyl 
alcohol—acetone (norit), 8-3 : 6-diacetoxy-5-methylnorcholestadiene separating first in large needles, 
m. p. 167-5°, [a]}? — 36-6° (c, 2-05) (Found: C, 76-8; H, 9-8. C3,H,,O, requires C, 76-8; H, 
9:9%). Yield, 15%. The mother-liquors yielded fine needles of the a-3 : 6-diacetoxy-5- 
methyl-A®1 :92D_noycholestadiene, m. p. 126—127°, [a]}", — 45-8° (c, 2-075) (Found: C, 76-7; 
H, 9-8. C,,H,,0O, requires C, 76-8; H, 9-9%). Yield, 30%. 

(b) 350 Mg. of 3: 6-diacetoxy-5-methyl-A*‘*-norcholesten-11l-ol were refluxed for 3 hours 
with 10 ml. of acetic anhydride and 1 g. of anhydrous sodium acetate. The product was poured 
into water, and the precipitated material collected and fractionally crystallised from aqueous 
acetone-methyl alcohol (norit). 8-3 : 6-Diacetoxy-5-methylnorcholestadiene, m. p. 167-5°, 
was obtained from the least soluble fraction, and a-3 : 6-diacetoxy-5-methylnorcholestadiene, 
m. p. 126—127°, from the more soluble fraction, identified in each case by mixed m. p. 

The absorption spectrum of the a-isomeride showed a main maximum at 2500 a. (Ej%, = 
610) and two subsidiary maxima at 2420a. (E}% = 535) and 25804. (Ej%, = 420). The 
8-compound, on the other hand, showed a broad maximum at 2540 a. (Ej%,, = 190). 

Hydrolysis of the diacetates with alcoholic potassium hydroxide gave the corresponding 
diols. The a-isomeride, 5-methyl-A8™” ‘®1)_noycholestadiene-3 : 6-diol (IX), formed large irre- 
gular plates from aqueous methyl alcohol, m. p. 95—102°, [a]}?° — 46-7° (c, 2-035) (Found : 
C, 77-7; H, 10-7. C,,H,,O,,H,O requires C, 77-5; H, 11-0%), readily soluble in alcohol and 
acetone, and sparingly soluble in light petroleum, The compound slowly turned yellow on 
exposure to light. The §-isomeride (X) formed needles from aqueous methyl alcohol, m. p. 
182°, [a]i'y — 47° (c, 2-04) (Found: C, 80-8; H, 10-8. C,,H,,O, requires C, 81-0; H, 11-0%), 
readily soluble in most organic solvents except benzene and light petroleum. 

Addition of Maleic Anhydride.—(a) 200 Mg. of «-3 : 6-diacetoxy-5-methylnorcholestadiene, 
200 mg. of maleic anhydride, and 2 ml. of xylene were heated for 14 hours in an evacuated tube 
at 135°. , The xylene was removed in a vacuum, and the residue hydrolysed by refluxing for 
1 hour with 0-5 g. of potassium hydroxide and 5 ml. of methyl alcohol. The solution was con- 
siderably diluted with water, and the unchanged material (0-08 g.) removed by three extractions 
with light petroleum (25 ml. per portion). The endo-succinic acid, obtained by acidification of 
the aqueous alkaline fraction with dilute hydrochloric acid and extraction with ether, formed 
silky needles from alcohol-light petroleum, m. p. 213° (Found: C, 71-7; H, 9:3. C3,H,,O, 
requires C, 72-1; H, 9-3%). 

(b) 200 Mg. of §-3 : 6-diacetoxy-5-methylnorcholestadiene, 200 mg. of maleic anhydride, 
and 2 ml. of benzene were heated in an evacuated tube at 80° for 14 hours. The product was 
worked up as in (a) (unchanged material, 0-005 g.). The endo-succinic acid, on crystallising from 
from alcohol-light petroleum, formed short hard needles, m. p. 190° (decomp.) (Found : C, 71-5; 
H, 9-0. C,,H,,O, requires C, 72-1; H, 9-3%). 

The a-isomeride was recovered unchanged after similar treatment. 

Reduction.—(a) With sodium in ethyl alcohol. 200 Mg. of 8-3 : 6-diacetoxy-5-methylnor- 
cholestadiene in 12 ml. of alcohol were treated under reflux during 1 hour with 1 g. of sodium. 
The product, after acetylation, was fractionated from aqueous methyl alcohol. The least 
soluble fraction (110 mg.) was unchanged material; the mother-liquors yielded 30 mg. of West- 
phalen’s diacetate, identified by m. p. and mixed m. p. 

The a-isomeride was recovered unchanged after similar treatment. 

(b) Catalytic. 300 Mg. of the diacetoxy-diene, 200 mg. of palladium-—charcoal, and ether- 
acetic acid solvent were employed. Several experiments were carried out with each isomeride, 
the hydrogen absorbed varying from 1-3—1-7 molecular equivalents. Various quantities of 
Westphalen’s diacetate, m. p. 125°, were isolated in each case, together with oily material which 
gave a blue arsenic trichloride reaction. 


The author is indebed to Miss B. E. Stern, B.Sc. (Glaxo Laboratories Ltd.), for the ultra- 
violet absorption data. Acknowledgment is made for grants from the Chemical Society and from 
the Dixon Fund of London University. 
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213. Chalkones: Reactivity of Phenyl p-Benzyloxystyryl Ketones. 
By S. N. Rao and T. S. WHEELER. 


Phenyl p-benzyloxystyryl ketones react in the same manner as the corresponding 
p-alkoxystyryl derivatives; in particular one of the halogen atoms in the benzyloxy- 
chalkone dihalides reacts readily with alcohols. The keto-ethylene group in benzyl- 
idenecoumaranones reacts with ethyl acetoacetate similarly to the same group in 
chalkones. 


PHENYL p-benzyloxystyryl ketones react in the same manner as the p-alkoxystyryl anal- 
ogues; in particular the halogen atom in the dihalides adjacent to the nucleus containing 
the #-benzyloxy-group is rendered labile towards alcohols (cf. Nadkarni e¢ al., J., 1937, 
1798) and towards aqueous acetone (cf. Werner, Ber., 1906, 39, 36). 0o-Hydroxyphenyl «a- 
bromo-B-methoxy-8-p-benzyloxyphenylethyl ketone, obtained by the action of methyl alcohol 
on the corresponding dibromide, gives 4’-benzyloxyflavone with alcoholic potassium cyanide 
(cf. Hutchins and Wheeler, this vol., p. 91) and rivatirentn~ntpegt amen pi (I) 


© cH: ‘C,H,"O-CH,Ph 


0 
;CHEO-CH,Ph CHCO,Et tes 
CO 


with alcoholic alkali (Nadkarni et al., loc. cit.). The eee group in (I) reacts with 
ethyl acetoacetate like the same group in a chalkone to give a substance which has probably 
formula (II) (cf. Panse and Wheeler, Current Science, 1938, 7,181). This formula is based 
on the course of the well-known Knoevenagel condensation of chalkones with ethyl aceto- 
acetate (Annalen, 1894, 281, 58). 


EXPERIMENTAL. 


Chalkones.—p-Tolyl p-benzyloxystyryl ketone, m. p. (alcohol) 111° (Found: C, 84-1; H, 6-1. 
Cy3H,,O, requires C, 84-1; H, 6-1%), and o-hydroxyphenyl p-benzyloxystyryl ketone (1), m. p. 
(acetone-alcohol) 115° (Found: C, 80-3; H, 5-7. C,,F,,0, requires C, 80-0; H, 5-5%), were 
prepared by condensation of p-benzyloxybenzaldehyde with the corresponding acetophenones 
in presence of aqueous-alcoholic alkali (Sorge, Ber., 1902, 35, 1069). 0-Acetoxyphenyl p-benzyl- 
oxystyryl ketone, m. p. (alcohol) 105—107° (Found: C, 77-3; H, 5-7, CH, 9O, requires C, 77-4; 
H, 5-4%), was prepared from (1) by means of acetic anhydride and sodium acetate. These 
chalkones are yellow. 

Halogenation of the Chalkones.—The following dihalides were obtained by treating the cor- 
responding chalkones with the halides (1 mol.) in acetic acid or chloroform : p-tolyl «6-dichloro- 
8-p-benzyloxyphenylethyl ketone (2), m. p. (benzene) 174° (Found: Cl, 17-6. C,sH ,0,Cl, requires 
Cl, 17-°8%); p-tolyl af-dibromo-B-p-benzyloxyphenylethyl ketone (3), m. p. (benzene) 160° (Found : 
C, 57-0; H, 44; Br, 33-5. C,,H,,O,Br, requires C, 56-6; H, 4:1; Br, 32-8%); 0o-hydroxy- 
phenyl a8-dibromo-B-p-benzyloxyphenylethyl ketone (4), m. p. (chloroform) 153° (Found: Br, 
32-6. C,,H,,0,Br, requires Br, 32-7%); and 0o-acetoxyphenyl aB-dibromo-B-p-benzyloxyphenyl- 
ethyl ketone (5), m. p. (benzene-light petroleum) 114° (Found: Br, 30-5. C,,H,,O,Br, requires 
Br, 30-1%). 

Action of Alcohol on the Halides.—p-Tolyl a-chloro-B-ethoxy- -B-p-benzyloxyphenylethyl ketone, 
m. p. (acetic acid) 140° (Found: Cl, 9-0. C,,H,,0,Cl requires Cl, 8-7%), separated on removal 
of the solvent from a solution of (2) in alcohol, to which benzene had been added to promote 
solution, and which had been heated under reflux for 2 hours. p-Tolyl a-chloro-B-methoxy-B-p- 
benzyloxyphenylethyl ketone, m. p. (acetic acid) 119° (Found: Cl, 91. C,,H,,0,Cl requires 
Cl, 9-0%), was similarly prepared. p-Tolyl a-bromo-B-methoxy-B-p-benzyloxyphenylethyl ketone, 
m. p. (methyl alcohol) 125° (Found: C, 65-4; H, 5-3; Br, 18-3. C,,H,,0,Br requires C, 65-6; 
H, 5-2; Br, 18-2%); p-tolyl a-bromo-B-ethoxy-B-p-benzyloxyphenylethyl ketone, m. p. (benzene— 
methyl alcohol) 145° (Found : C, 66-6; H, 5-7; Br, 17-0. C,,H,,O,Br requires C, 66-2; H, 5-5; 
Br, 17-6%); 0o-hydroxyphenyl a-bromo-B-methoxy-B-p-benzyloxyphenylethyl ketone (6), m. p. 
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(methyl alcohol) 103° (Found: Br, 18-3. C,,;H,,O,Br requires Br, 18-1%); and o-hydroxy- 
phenyl a-bromo-f-ethoxy-B-p-benzyloxyphenylethyl ketone (7), m. p. (alcohol) 102° (Found: Br, 
17-6. C,,H,,;0,Br requires Br, 17-6%), were similarly prepared from the corresponding alcohols 
and chalkone halides. (5) when heated under reflux with ethyl alcohol for 2 hours gave (7), 
hydrolysis of the acetoxy-group occurring during the reaction. 

p-Tolyl «-bromo-B-hydroxy-B-p-benzyloxyphenylethyl ketone, m. p. (alcohol) 125° (Found: 
C, 65-5; H, 5-1; Br, 18-5. C,,H,,O,Br requires C, 64-9; H, 4-9; Br, 18-8%), formed a yellow 
residue on evaporation of the solvent from a solution of (3) in acetone which had been treated 
with water to turbidity, and heated under reflux for 1 hour. 

Action of Pyridine on the Dihalides.—p-Tolyl a-chloro-p-benzyloxystyryl ketone, m. p. (alcohol) 
116° (Found: C, 76-6; H, 5-4; Cl, 9-5. C,,H,,0,Cl requires C, 76-1; H, 5-2; Cl, 9-8%), and 
p-tolyl a-bromo-p-benzyloxystyryl ketone, m. p. (alcohol) 126° (Found: C, 67-7; H, 4:9; Br, 
19-9. C,,;H,,O,Br requires C, 67-8; H, 4:7; Br, 19-7%), separated from solutions of (2) and 
(3) respectively, in pyridine, which had been heated under reflux for 20 minutes, diluted with 
alcohol, and kept overnight. Both compounds are yellow. 

Preparation of Flavones.—4'-Benzyloxyflavone (8), m. p. (75% acetic acid) 190° (Found : 
C, 80-2; H, 5-1. C,,H,,O0, requires C, 80-5; H, 49%), separated from a solution of (4) or (6) 
in alcoholic potassium cyanide, which had been heated under reflux for 7 hours. 4’-Hydroxy- 
flavone, m. p. 270° (acetyl derivative, m. p. 137°) (lit., 268° and 139° respectively), separated 
from a solution of (8) in glacial acetic acid containing hydrogen bromide, which had been kept 
overnight. 4'-Benzyloxyflavonol, m. p. (acetone—alcohol) 175—176° (Found: C, 77-0; H, 4-7. 
C.2H,,0, requires C, 76-7; H, 4-7%), separated in yellow needles from a solution of (1) (2 g.) in 
alcohol (40 c.c.), which had been treated with potassium hydroxide (1-2 g.) in alcohol (40 c.c.) 
and with hydrogen peroxide (perhydrol; 30 c.c.) and finally acidified with dilute sulphuric acid 
(cf. Algar and Flynn, Proc. Roy. Irish Acad., 1934, 42 B, 1). 

Preparation of Benzylidenecoumaranone Derivatives.—1-p-Benzyloxybenzylidenecoumaran-2- 
one (I), m. p. (acetic acid) 202° (Found : C, 79-8; H, 5-0. C,,H,,O, requires C, 80-5; H, 4-9%), 
separated as an orange solid from an alcoholic solution of (6) which had been treated with dilute 
aqueous potassium hydroxide under reflux for 15 minutes. The dibromide, m. p. (benzene) 
156° (Found: Br, 32-5. C,.H,,0,Br, requires Br, 32-8%), separated on evaporation of the 
solvent from a solution of (I) (1 g.) in chloroform (35 c.c.) which had been treated with bromine 
(0-6 g.) in chloroform (8 c.c.) and heated under reflux for 15 minutes. 

The substance (II), m. p. (acetone-alcohol) 156° (Found: C, 76-3; H, 5-5. C,,H,,O, re- 
quires C, 76-3; H, 5-5%), separated as a white solid from a mixture of (I) (1 g.), ethyl aceto- 
acetate (3 g.), and alcohol containing sodium ethoxide (0-1 g. of sodium), which had been heated 
under reflux for 4 hours. 


Roya. INsTITUTE OF SCIENCE, BomBAy. 
STATE LABORATORY, DUBLIN. [Received, April 12th, 1939.] 





214. The Mercuration of Thionaphthen. 


By FREDERICK CHALLENGER and SAMUEL A. MILLER. 


Thionaphthen and mercuric acetate in hot aqueous methyl alcohol give a dimercuri- 
acetate. At the ordinary temperature a monomercuriacetate also may be isolated. 
This with propiony] chloride gives thionaphthenyl ethyl ketone identical with a specimen 
prepared from thionaphthen, propionyl chloride and stannic chloride. Both these 
ketones give the same semicarbazone and 2 : 4-dinitrophenylhydrazone and, on oxida- 
tion, that obtained by the direct Friedel-Crafts reaction yields thionaphthen-2-car- 
boxylic acid. The mercuriacetate group therefore enters the 2-position in thionaphthen, 
replacement by the propionyl group being assumed to proceed normally. Mercuration 
thus falls into line with bromination, nitration, and the direct introduction of acetyl. 
The monomercuriacetate is converted by sodium iodide or calcium chloride into 
di-2-thionaphthenylmercury. Heating with sodium sulphide or hydrosulphide con- 
verts the dimercuriacetate into thionaphthen. Thionaphthen with hot aqueous 
alcoholic mercuric chloride and sodium acetate gives a dimercurichloride. 


BEZDRIK, FRIEDLANDER, and KO6NIGER (Ber., 1908, 41, 232) warmed thionaphthen with 
mercuric acetate in acetic acid or alcohol and obtained ‘‘ one or more’’ mercuriacetates. 
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The mercury content of one of them corresponded to thionaphthenyl mono-mercury 
acetate. No m. p. is recorded. Weissgerber and Kriiber (Ber., 1920, 58, 1557) heated 
crude coal-tar thionaphthen containing much naphthalene with methyl-alcoholic mercuric 
acetate and obtained a mercuriacetate (no m. p. or analysis is recorded) which gave pure 
thionaphthen on decomposition with acid. This method was employed by Challenger 
et al. (J. Inst. Pet. Tech., 1926, 12, 106) for the detection of thionaphthen in Kimmeridge 
shale oil. 

With thionaphthen and mercuric acetate in hot aqueous methyl-alcoholic solution we 
have obtained a dimercuriacetate. At the ordinary temperature the product is a mixture 
from which a slightly impure monomercuriacetate may be isolated along with the di- 
derivative. 

The monomercuriacetate with propionyl chloride gives thionaphthenyl ethyl ketone 
identical with a specimen prepared from thionaphthen, propionyl chloride, and stannic 
chloride (compare the formation of 2-thienyl methyl ketone from 2-thienyl mercury 
chloride and acetyl chloride by Volhard; Amnalen, 1892, 267, 178). The use of stannic 
chloride instead of aluminium chloride is to be recommended where it is desired to restrict 
the Friedel-Crafts reaction to the thiophen nucleus (Stadnikoff e¢ al., Ber., 1928, 61, 268, 
1996, 2341). 

Both these ketones gave the same semicarbazone and on oxidation that specimen pre- 
pared by the direct Friedel-Crafts reaction yielded thionaphthen-2-carboxylic acid. The 
orientation of this derivative was established by its formation from carbon dioxide and 
thionaphthenylmagnesium bromide, a compound which gives 2-hydroxythionaphthen on 
oxidation (Komppa, J. pr. Chem., 1929, 122, 319; see also Komppa and Weckmann, 107d., 
1933, 188, 109; Fries and Hemmecke, Amnalen, 1929, 470, 1; Crook and Davies, J., 1937, 
1697). 

The mercuriacetate group therefore enters the 2-position in thionaphthen, on the 
assumption that its replacement by propionyl proceeds normally. Mercuration of thio- 
naphthen thus falls into line with bromination, nitration, and the direct introduction of 
acetyl. The introduction of sodium, however, occurs in the 1- and 1 : 2-positions and that 
of MgBr in the 1-position (see Weissgerber and Kriiber, loc. cit.; Schénberg et al., Ber., 
1933, 66, 234). 

Reaction with hot alcoholic mercuric chloride is slow (thionaphthen and thiopheno- 
2’ : 3’ : 2: 3-thiophen can be separated by fractional mercuration at the ordinary temper- 
ature; see Challenger and Harrison, J. Inst. Pet. Tech., 1935, 21, 145), but in presence of 
sodium acetate a dimercurichloride may be obtained. The monomercuriacetate is con- 
verted by sodium iodide or by calcium chloride into di-2-thionaphthenylmercury. 

Heating with sodium sulphide or hydrosulphide converts thionaphthenyl dimercuri- 
acetate into thionaphthen. For analogous reactions with other mercurated compounds, 
see Otto (Annalen, 1870, 154, 191). 


EXPERIMENTAL. 


Thionaphthen and Mercuric Chloride——Thionaphthen (5 g.) was refluxed with mercuric 
chloride (30 g.; 3 mols.) in alcohol (150 c.c.) for 8 hours. As the reaction was still incomplete, 
sodium acetate (5 g.) in a little water was added, and the mixture refluxed for several hours. 
The deposit was washed with boiling water and dried. The dimercurichloride was insoluble in 
most solvents, but after two recrystallisations from nitrobenzene it melted at 279—281°. Mer- 
cury was determined in this and similar products as sulphide after decomposition with warm 
hydrochloric acid (Found: Hg, 66-9. C,H,CISHg requires Hg, 54:-3%. C,H,Cl,SHg, requires 
Hg, 66-2%). 

In an unsuccessful attempt to obtain a monomercurichloride, thionaphthen (10 g.), mercuric 
chloride (30 g.; 1-5 mols.) in alcohol (250 c.c.), and water (150 c.c.) were refluxed with sodium 
acetate (10 g.) for several hours. The washed precipitate after three crystallisations as before 
melted at 279—281° (Found: Hg, 65-4%). 

Thionaphthen and Mercuric Acetate.—Thionaphthen (4 g.) in methyl alcohol (160 c.c.) was 
refluxed for 2 hours with a solution of mercuric oxide (16 g.) in acetic acid (20 c.c.) and water 
(120 c.c.). The white deposit (9 g.) was separated and washed with benzene and alcohol [Found : 
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Hg, 61:3. C,H,;S-Hg-O-CO-CH, requires Hg, 51:1%. C,H,S(Hg-O-CO-CH;), requires Hg, 
61-6%]. 

A monomercuriacetate containing a small amount of the di-derivative was obtained thus : 
Thionaphthen (15 g.), mercuric acetate (40 g.), water (500 c.c.), and alcohol (70 c.c.) were stirred 
for 2—3 days at room temperature. The deposit, after being washed with alcohol and ether, 
melted at 220° with previous blackening (Found: Hg, 57-5%). Refluxing with alcohol left 
the insoluble dimercuriacetate (Found: Hg, 61-6%). The extract deposited crystals, m. p. 
208—209° after one recrystallisation from alcohol (Found: Hg, 54:1%). After two further 
recrystallisations these melted for the last two times at 207—208° (Found: Hg, 52-1%). 
Another preparation also had m. p. 207—208° (Found: C, 30-1; H, 2:2; S, 82. 
C,H,;S-Hg-O-CO-CH; requires C, 30-6; H, 2-0; S, 8-2; Hg, 51-1%). 

Thionaphthenyl Monomercuriacetate and Propionyl Chloride.—The mercury compound (2 g.) 
and propiony] chloride (25 c.c.) were left for 5 days at room temperature, the mixture poured 
into water, treated with sodium carbonate, and extracted with ether, and the residue distilled 
in steam, giving a volatile solid which after three crystallisations from ligroin melted at 81-5— 
82-5° and at 82—-83° in admixture with 2-thionaphthenyl ethyl ketone, m. p. 82—83° (see below). 
The ketone gave a semicarbazone, m. p. 203-5—205° and mixed m. p. 204—205° with the 
semicarbazone of 2-thionaphthenyl ethyl ketone, m. p. 204—205°. 

In another experiment the mercuriacetate (1 g.) and propionyl chloride (5 c.c.) were heated 
at 100° for an hour. Treatment as before gave an oil which did not completely solidify below 
0°. This gave a 2: 4-dinitrophenylhydrazone, m. p. 218—220°, and mixed m. p. 219—221° 
with synthetic thionaphthenyl ethyl ketone 2: 4-dinitrophenylhydrazone, m. p. 220— 
221°. 

2-Thionaphthenyl Ethyl Ketone.—Thionaphthen (8 g.) and propionyl chloride (12 g.) in 
carbon disulphide (80 c.c.) were mixed with a solution of stannic chloride (20 g.) in carbon di- 
sulphide (100 c.c.) and left for 2 days at room temperature. The mixture became deep red and 
a viscous black solid separated. Addition of water and ether, removal of solvents and distil- 
lation in steam gave a white volatile solid, which after three crystallisations from ligroin (b. p. 
80—100°) melted constantly at 83°. Yield, 15—20% (Found: C, 69-5; H, 5-4; S, 16-8. 
C,,H,,OS requires C, 69-5; H, 5-3; S, 168%). The semicarbazone melted constantly at 204— 
205° after four crystallisations from slightly diluted alcohol (Found: C, 58-4; H, 5-3. 
C,,H,,ON,S requires C, 58-3; H, 5-4%). The 2: 4-dinitrophenylhydrazone formed red crystals, 
m. p. 220—221° after three recrystallisations from alcohol—benzene. 

Oxidation of 2-Thionaphthenyl Ethyl Ketone to Thionaphthen-2-carboxylic Acid.—The ketone 
(0-5 g.), potassium ferricyanide (40 g.), and potassium hydroxide (15 g.) in water (125 c.c.) were 
warmed under reflux for 3 hours. The liquid was then filtered from a little ferric hydroxide 
and acidified, inorganic salts were separated and washed with alcohol and ether, and the filtrate 
and washings were extracted with ether. After removal of more inorganic matter evaporation 
of the extracts gave a residue (0-25 g.) which on crystallisation from alcohol had m. p. 170— 
171°. After three crystallisations from slightly diluted alcohol this melted at 174—175°, 
Thionaphthen-2-carboxylic acid melts at 174—175° (Found: C, 60-5; H, 3-5, Calc. for 
C,H,O,S: C, 60-7; H, 3-4%). 

' Di-2-thionaphthenylmercury.—(1) Thionaphthenyl-2-mercuriacetate (3 g.), sodium iodide 
(6 g.), and alcohol (180 c.c.) were boiled under reflux for 3 hours, the mixture poured into water 
(500 c.c.), and the precipitate washed with much water. It melted at 314—317° and could be 
recrystallised only from nitrobenzene. Five operations gave a product, m. p. 322° when fairly 
rapidly heated. On slow heating, the m. p. varied between 313° and 320° (Found: C, 40-2; 
H, 2-2; S, 13-4. C gH 9S,Hg requires C, 41-1; H, 2-1; S, 13-7%). 

(II) In an attempt to convert thionaphthenyl-2-mercuriacetate into the corresponding 
chloride, 6 g. were boiled for some hours with calcium chloride (4 g.) in alcohol (100 c.c.). The 
deposit was separated, boiled with water, and recrystallised from much acetone. It darkened 
at about 230° and melted at 285—290° (Found: Hg, 44-7. C,,H,9S,Hg requires Hg, 43-0%. 
C,H,CISHg requires Hg, 54:3%. C,H,S-Hg-O-CO-CH, requires Hg, 51-1%). The product 
therefore consisted of slightly impure di-2-thionaphthenylmercury. 

(IIlI) The mercuriacetate (1 g.), calcium chloride (1 g.), and alcohol (20 c.c.) were refluxed 
overnight and the deposit was boiled with water and then with alcohol and recrystallised twice 
from nitrobenzene. It was then free from halogen and melted at 320—321° alone and in 
admixture with di-2-thionaphthenylmercury obtained in (I). 

The Action of Sodium Sulphide and Sodium Hydrogen Sulphide on Mercurated Derivatives of 
Thionaphthen.—A slightly impure specimen of thionaphthenyl dimercuriacetate (6-5 g. Found : 
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Hg, 59-35%) was distilled with a large excess of sodium sulphide (5 g.) in water (with or without 
previous saturation with hydrogen sulphide) ; thionaphthen (0-81 g.) readily volatilised. 

The non-volatile solid was in each case a mixture, extraction with boiling nitrobenzene 
yielding fractions, m. p. 285° and 292—293°, which probably contained some di-2-thionaph- 
thenylmercury. (Dr. J. Bruce found that the analogous thiophen derivative, dithienylmercury, 
is inert to boiling sodium sulphide, whereas the mono- and the di-mercurichloride give thiophen 
under these conditions.) 

The aqueous filtrate contained sodium mercury sulphide, giving mercuric sulphide on 
acidification. 


The authors thank the Institute of Petroleum for a grant. 
THe UNIVERSITY, LEEDs. [Received, April 17th, 1939.] 





215. Preparation of 4'-Cyanines. 
By Frances M. HAMER. 


In the 2: 4’-cyanine condensation, by changing the molecular proportions of 
quinaldine ethiodide, quinoline ethiodide, and caustic alkali from the classic 1 : 2: 1-2 
to 1:3: 3, the yield has been raised from 57 to 76—82%. Potassium carbonate is applic- 
able to this condensation, but when the same dye is prepared from lepidine ethiodide 
and 2-iodoquinoline ethiodide, caustic alkali produces a 60% yield, whereas potassium 
carbonate or triethylamine produces 76%. Although 1-methylbenzthiazole alkiodide, 
on condensing with quinoline alkiodide, gave only 7—13% yields of thia-4’-cyanine, 
it is now condensed with 4-cyanoquinoline alkiodide to give 30—37% yields: the 
improvement is due partly to replacement of a hydrogen atom by the more reactive 
cyano-group and partly to replacement of the isocyanine condensation, where 2 
hydrogen atoms must be eliminated as well as 1 mol. of acid, by a condensation which 
proceeds simply by removal of 2 mols. of acid. 4-Cyanoquinoline methiodide has been 
condensed with compounds having a cyclic methylene group. 2-Cyanoquinoline 
methiodide may be used in preparing thia-2’-cyanine, but the yield is low because the 
greater reactivity of the 4- as compared with the 2-position is opposing the condens- 
ation. When 4-chloroquinoline is heated with ethyl iodide, it does not simply give its 
ethiodide, as recorded in the literature, but a mixture of that with 4-iodoquinoline 
ethiodide. This is condensed with quinaldine ethiodide, to give isocyanine. Pure 
4-chloro- and 4-iodo-quinoline methiodide and ethiodide were prepared. 


Two of the earliest observations concerning cyanine dyes are (1) that lepidine ethiodide and 
quinoline ethiodide react in alcohol, under the influence of alkali, to give 4: 4’-cyanine 
(Hoogewerff and van Dorp, Rec. Trav. chim., 1883, 2, 28, 41, 317; 1884, 3, 337), (2) that 
quinaldine ethiodide and quinoline ethiodide react to give 2: 4’-cyanine, or isocyanine 
(tdem, ibid., 1883, 2, 317; 1884, 3, 337; Spalteholz, Ber., 1883, 16, 1847). From the 
non-formation of 2 : 4’-cyanine in the first condensation, and of 2 : 2’-cyanine in the second, 
it may be deduced that the 4-position is more reactive than the 2-position of the quinolinium 
nucleus. 

The course of these earliest processes for preparing cyanines is not obvious, in so far 
as two hydrogen atoms are eliminated, in addition to the one mol. of acid which is taken up 


by alkali : 
C,H,N,C,H,I + C,,H,N,C,H,I = C,,H,,N,I + H, + HI 


The original observers pointed out that it is advantageous to use twice the calculated 
amount of quinolinium salt (Spalteholz, loc. cit.; Hoogewerff and van Dorp, Rec. Trav. 
chim., 1883, 2, 317) and this received confirmation from the comparative experiments of 
Miethe and Book (Ber., 1904, 37, 2008). It became standard practice to take about one 
mol. of quinaldinium salt, two of quinolinium salt, and 1—2 mols. of alkali (G.P. 167,159; 
167,770/1903 ; Kaufmann and Vonderwahl, Ber., 1912, 45, 1404; Mills and Pope, Phot. J., 
1920, 60, 183; Barbier, Bull. Soc. chim., 1920, 27, 427; Hamer, J., 1921, 119, 1432; 1930, 
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995). Vongerichten and Héfchen showed that more than two mols. of alkali are harmful 
(Ber., 1908, 41, 3054). 

In the present work, the preparation of a typical 2 : 4’-cyanine by this classic method 
resulted in a 37% yield. Potassium carbonate has an advantage, as condensing agent, over 
the original caustic alkali, in that an excess of it is innocuous (Kodak Ltd. and Beilenson, 
B.P. 435,542/1933) ; in the present instance, its use in 20% excess gave only a 25% yield, 
whereas a large excess gave a 47% yield. When Braunholtz and Mills prepared thia-4’- 
cyanine from 1-methylbenzthiazole ethiodide, quinoline ethiodide, and -caustic alkali in 
alcohol, they used these reagents in the molecular proportions of 1 : 1 : 1-2, and obtained 
only 9—13% yields of crude product (J., 1922, 121, 2004), but Keyes and Brooker, by taking 
the proportions 1 : 3 : 3, obtained a yield of recrystallised dye as high as 63% (J. Amer. 
Chem. Soc., 1937, 59, 74). It is now found that in the 2 : 4’-cyanine condensation, as in the 
thia-4’-cyanine condensation, the classic proportions are not the best, since the yield rises 
to 82% when the molecular proportions of quinaldine ethiodide, quinoline ethiodide, and 
caustic alkali are 1: 3:3. 

Coupling with the quinolinium nucleus can be made to occur in the 2- instead of the 
4-position if the hydrogen atom in the 2-position be replaced by the more active iodine 
atom. Thus lepidine ethiodide and quinaldine ethiodide, respectively, condense with 
2-iodoquinoline ethiodide to give the 2: 4’- and 2: 2’-cyanines (Hamer, J., 1928, 206). 
The original 45% yield of 2 : 4’-cyanine (Hamer, Joc. cit.), obtained by use of caustic alkali 
as condensing agent, has now been increased to 60%. By use of triethylamine, as recom- 
mended by Brooker and Keyes for 2’-cyanine condensations (J. Amer. Chem. Soc., 1935, 57, 
2488), or of potassium carbonate, as recommended by Kodak Ltd. and Beilenson (loc. cit.), 
it has, however, been increased to 75—77%. Unlike the ssocyanine condensation, the 
2’-cyanine condensation is straightforward, equimolecular quantities of the quaternary 
salts reacting to give 1 mol. of dye, with elimination of 2 mols. of acid. 

The use of 4-cyanoquinoline alkiodide, in place of quinoline alkiodide or 2-iodoquinoline 
alkiodide, has now been studied. 4-Cyanoquinoline methiodide was prepared by Kauf- 
mann’s method, through 4-cyano-l-methyl-1 : 4-dihydroquinoline (Ber., 1909, 42, 3776), 
and was converted into 4-cyanoquinoline by Kaufmann and Widmer’s method (Ber., 1911, 
44, 2058; cf. Kaufmann and Vallette, Ber., 1913, 46, 49), and that into 4-cyanoquinoline 
ethiodide. Although Kaufmann and Vonderwahl observed that the quinaldine iso-base did 
not condense with 4-cyanoquinoline methiodide (Ber., 1912, 45, 1404), three thia-4’-cyanines, 
in 30—37% yields, have now been prepared by condensing 4-cyanoquinoline methiodide or 
ethiodide with 1-methylbenzthiazole alkiodide. A selena-4’-cyanine was prepared in 35% 
yield. This improvement upon the 7—13% yields of Braunholtz and Mills (loc. cit.), 
obtained by using 4-cyanoquinoline alkiodide instead of quinoline alkiodide, is probably 
due partly to the greater reactivity of the cyano-group as compared with hydrogen, and 
partly to replacing their condensation of the isocyanine type by one of the more straight- 
forward type. 

4-Cyanoquinoline methiodide can also be condensed with heterocyclic compounds, con- 
taining a methylene group in the ring, to give dyes of a type described by Kendall (B.P. 
426,718/1933) and by Kodak Ltd. (B.P. 450,958/1934). Thus with 3-ethylrhodanine and 
2-ketodihydrothionaphthen, respectively, (I) and (II) were produced. 


lM Ci worSe wy = 
mens \ 


By the action of caustic alkali on an alcoholic solution of quinaldine methiodide and 
2-cyanoquinoline methiodide, Mills and Pope obtained 2’-cyano-1 : 1’-dimethyl-4’-cyanine 
iodide (Phot. J., 1920, 60, 183), ¢.e., the hydrogen atom in the 4-position was, under their 
conditions, more reactive than the cyano-group in the 2-position. The preparation of 
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2-cyanoquinoline methiodide has now been accomplished by following directions supplied by 
Miss M. C. Biggs. By reaction of 2-cyanoquinoline methiodide, 1-methylbenzthiazole 
methiodide, and potassium carbonate in alcohol, in the molecular proportions 1 : 1 : 1-2, 
some thia-2’-cyanine was obtained, but the yield of recrystallised product was only 10%. 
It is not surprising that the yield of thia-2’-cyanine from 2-cyanoquinoline alkiodide is less 
than the yield of thia-4’-cyanine from 4-cyanoquinoline alkiodide, because in the former 
case the greater reactivity of the 4- as compared with that of the 2-position is opposing the 
reaction, whereas in the latter case it is helping it. 

In their historic contribution to the constitution of the zsocyanines, Kaufmann and 
Vonderwahl recorded the formation of ethyl-red by the action of alkali on an alcoholic 
solution of quinaldine ethiodide and 4-chloroquinoline ethiodide (Ber., 1912, 45, 1404). 
They stated that 4-chloroquinoline ethiodide resulted on boiling 4-chloroquinoline with ethyl 
iodide, but the reaction is actually not so simple as that. When 4-chloroquinoline is 
boiled under reflux with methyl iodide, there is obtained 4-chloroquinoline methiodide, but 
when the base is boiled with ethyl iodide the product is a mixture of the ethiodides of 
4-chloroquinoline and 4-iodoquinoline, from which the more soluble 4-chloroquinoline 
ethiodide could not be isolated. 4-Chloroquinoline ethiodide was prepared by bringing about 
reaction at a low temperature, as in Sprague and Brooker’s preparation of 4-chloropyridine 
alkiodide (J. Amer. Chem. Soc., 1937, 59, 2697), which method can also be applied to the 
preparation of 4-chloroquinoline methiodide. When 4-chloroquinoline is heated in a 
sealed tube with two molecular proportions of methy] or ethyl iodide, it yields 4-iodoquinoline 
methiodide (Brydéwna, Rocz. Chem., 1932, 12, 39) and 4-iodoquinoline ethiodide, respectively ; 
this is like the behaviour of 2-chloroquinoline (Roser, Annalen, 1894, 282, 373; Hamer, J., 
1928, 206). The successful preparation of 4-iodoquinoline alkiodide is interesting in view 
of Sprague and Brooker’s failure to prepare 4-iodopyridine alkiodide from 4-chloro- 
pyridine (loc. cit.). Attempts to prepare 2-chloroquinoline methiodide and ethiodide, by 
reaction of base and alkyl iodide at a low temperature, were unsuccessful. By condensing 
4-iodoquinoline ethiodide with quinaldine ethiodide, ethyl-red was produced, the yield with 
triethylamine as condensing agent being 67%. 

The absorption spectra of the dyes were photographed in methyl-alcoholic solution, for 
which work I am indebted to Dr. E. P. Davey. 


EXPERIMENTAL. 


4-Cyano-1-methyl-1 : 4-dihydroquinoline was obtained in 81—94% yields by the method of 
Kaufmann (Ber., 1918, 51, 116), the only modification being that quinoline metho-p-toluene- 
sulphonate was used instead of its methomethylsulphate. 

4-Cyanoquinoline methiodide was obtained in 75% yield by Kaufmann’s method (loc. cit.). 
On repeated grinding with acetone, the yield dropped to 66%, and on subsequent recrystallisation 
from methyl alcohol (14 c.c. per g.) to 57%. The salt was dried in a vacuum at 60—80° and 
analysed by the method of Carius, which methods of drying and analysis were used throughout 
this work, except where otherwise stated (Found: I, 42-7. Calc. for C,,H,N,I: I, 42-9%). 
M. p. 225° (decomp.). Kaufmann and Widmer give m. p. 216° (decomp.) (Ber., 1911, 44, 2058). 
By heating 4-cyanoquinoline (1 mol.), obtained as described below, with methyl iodide (1-2 
mols.) in a sealed tube at 100° for 2 days, the methiodide was re-obtained, the yield, after washing 
with ether, being 92%. After recrystallisation from methyl alcohol, the yield was 69% (Found : 
I, 42-95. Calc. for C,,H,N,I: I, 42-9%). 

4-Cyanoquinoline ethiodide, in 93% yield after washing with ether, is obtained by heating 
4-cyanoquinoline with ethyl iodide. After grinding three times with acetone (2-5 c.c. per g. 
x 3), the yield dropped to 88%, and on recrystallisation from methyl alcohol (5 c.c. per g.) to 
79% (Found: I, 41-15. C,,H,,N,I requires I, 40-99%). The orange crystals melted at 200°, 
with some decomposition before melting and much afterwards. 

4-Cyanoquinoline was prepared from its methiodide by Kaufmann and Widmer’s method 
(Ber., 1911, 44, 2058) of heating in a vacuum, To remove some unchanged methiodide (6% 
yield), the crude base was taken up in ether and was thus obtained in 93% yield. After re- 
crystallisation from methyl alcohol (4 c.c. per g.), the yield was 80% and the m. p. 101°, with 
previous softening, whereas Kaufmann and Widmer record m. p. 95° (loc. cit.) (Found for 
material dried in a vacuum desiccator: N, 18-4. Calc. for CjgH,N,: N, 18-2%). 
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2-Cyanoquinoline.—In applying Kaufmann and Dandliker’s method (Ber., 1913, 46, 2924), 
their yield of 55—70% was not approached. Thus phosphorus pentachloride (20 g.; 1-25 mols.) 
was gradually added to a boiling solution of 1-benzoyl-2-cyano-1 : 2-dihydroquinoline (20 g.; 
1 mol.) in dry chloroform (100 c.c.); the solution was then boiled for 2 hours, cooled, treated with 
water and sodium carbonate, and steam-distilled. The distillate was extracted with chloroform 
and the crude base (32—42% yield) was recrystallised from methyl alcohol (6 c.c. per g.), the 
yield being 24—29% ; m. p. 95°, as recorded by Kaufmann and Dandliker. Sometimes, as they 
noted, a yellow substance crystallised during the boiling, but this did not seem to be due to 
inadequate drying of the chloroform, since this was in all cases dried over phosphoric oxide and 
redistilled just prior to use. 

2-Cyanoquinoline Methiodide——The attempted preparation by heating 2-cyanoquinoline 
with methyl iodide gave a negative result. 2-Cyanoquinoline (4-09 g.; 1 mol.) was heated with 
methyl suiphate (2-6 c.c.; 1 mol.) on a boiling water-bath for 2 hours. The product was ground 
three times with absolute ether (12-5 c.c. x 3) and dried in a vacuum desiccator; the yield was 
89%, (6-61 g.). This methomethylsulphate was stirred into boiling absolute alcohol (66 c.c.) 
and quickly treated with a hot solution of potassium iodide (6-6 g.) in water (7 c.c.). A red 
solution was formed. It was quickly cooled, and the red solid which crystallised was filtered 
off and dried (9-15 g. obtained). To remove inorganic matter, it was ground with cold water 
(4-5 c.c.) and further washed with water (2-2 c.c.) on the filter. The yield was 67% (5-29 g.) 
(Found for material dried in a vacuum desiccator: I, 43-1. C,,H,N,I requires I, 42-9%). 
After recrystallisation from absolute alcohol (50 c.c. per g.), the yield fell to 40% (Found: I, 
42-9%). When heated, darkening began below 100° and there was violent decomposition at 
about 177°. 

4-Chloroquinoline.—2-Aminoquinoline (Hamer, J., 1924, 1348) was converted into 4-chloro- 
quinoline by Wenzel’s method (Monatsh., 1894, 15, 453). The product (yield, 83%) had b. p. 
145—150°/22 mm., m. p. 25—26°, whereas Skraup gives m. p. 34° (Monatsh., 1889, 10, 730) and 
Wenzel gives m. p. 29—30° (Found : Cl, 21-5. Calc. for C;H,NCl: Cl, 21-7%). 

4-Chloroquinoline Methiodide.—Methy] iodide (3 c.c.; 4 mols.) was cooled and added to 
4-chloroquinoline (2 g.; 1 mol.), also cooled. The resultant solution was kept in the ice-chest for 
4 days, its colour becoming orange and yellow crystals separating. After filtration and washing 
with ether, the yield of pure product was 62% (2-31 g.) (Found: Cl +I, 53-4. C,9H,NCII 
requires Cl + I, 53-2%). After recrystallisation from absolute alcohol (20 c.c. per g.), the yield 
dropped to 52% (Found: Cl + I, 53-2%). The yellow crystals became orange at about 60°; 
decomp. 208°. The pure sali was obtained in 74% yield by heating the same proportions of 
4-chloroquinoline and methyl iodide under reflux for 24 hours, and washing the resultant solid 
with ether (Found: Cl + I, 53-0%). Methyl alcohol (16 c.c. per g.) is a worse solvent for the 
recrystallisation than is ethyl alcohol, for with its use the yield fell to 50% (Found: Cl + I, 
53-1%). 

4-lodoquinoline Methiodide.—4-Chloroquinoline (2 g.; 1 mol.) and methyl iodide (1-7 c.c. ; 
2-2 mols.) were heated in a sealed tube at 100° for 2 days. The yield of ether-washed product 
was 84% (4-07 g.). This was boiled out with methyl alcohol (60 c.c.), with the object of removing 
4-chloroquinoline methiodide (0-33 g. obtained. Found: Cl + I, 52-7. Calc. for C,)H,NCII : 
Cl + I, 53-2%). The undissolved residue was recrystallised from methyl alcohol (300 c.c.) ; 
the yield was 45% (2:2 g.) (Found: I, 64:4. Calc. for C,,H,NI,: I, 63-9%). M. p. 259° (de- 
comp.), with previous blackening. Brydéwna gives m. p. 234—237° (decomp.) (Rocz. Chem., 
1932, 12, 89). 

4-Chloroquinoline Ethiodide.—4-Chloroquinoline (2 g.; 1 mol.) and ethyl iodide (4 c.c.; 
4 mols.) were cooled separately in ice, then mixed, and the mixture was kept in the ice-chest for 
7 weeks. The crystals, which had begun to appear after 1 week, were filtered off and washed 
with ether; the yield of pure salt was 28% (1-08 g.) (Found: Cl+ I, 51-0. C,,H,,NCII 
requires Cl + I, 50-8%). On recrystallisation from methyl alcohol (12 c.c.), the yield fell to 
17% (Found : Cl + J, 50-9). When heated, the yellow salt began to turn orange at about 70° ; 
m. p. 191° (decomp.). When the reagents were heated together under reflux, the product 
consisted of a mixture of 4-chloroquinoline ethiodide and 4-iodoquinoline ethiodide, from which 
only the latter, being the less soluble, could be separated in a state of purity by fractional 
crystallisation. 

4-Iodoquinoline Ethiodide.—4-Chloroquinoline (5 g.; 1 mol.) and ethyl iodide (5-4 c.c.; 
2-2 mols.) were heated together in a sealed tube at 100° for 2 days. The yield of ether-washed 
product was 84% (10-49 g.) (Found for material dried in a vacuum at 80—100°: I, 60-8%). 
After recrystallisation from methyl alcohol (25 c.c. per g.), the yield fell to 58% (Found: I, 
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62-1. C,,H,,NI, requires I, 61:8%). On heating, the yellow colour deepened from about 150° 
and violent decomposition occurred at about 234°. The mixture of 4-chloroquinoline ethiodide 
and 4-iodoquinoline ethiodide which was obtained by heating the reactants under reflux could 
be converted into pure 4-iodoquinoline ethiodide by further heating with ethyl iodide in a 
sealed tube. 

1: 1'-Diethyl-2: 4’-cyanine Iodide [(1-Ethyl-2-quinoline)(1-ethyl-4-quinoline)methincyanine 
Iodide].—To a boiling solution of 1 mol. of quinaldine ethiodide (2-5 g.) and 2 mols. of quinoline 
ethiodide (4-76 g.) in absolute alcohol (60 c.c.) was added a solution of 1-2 atoms of sodium 
(0-23 g.) in absolute alcohol (10 c.c.), i.e., the classic proportions. After boiling, with mechanical 
stirring, for 15 minutes, the mixture was cooled. The dye was filtered off and washed, successively, 
with alcohol and water (2-45 g. obtained). It was recrystallised from methyl alcohol (10 c.c. 
per g.); the yield was 37% (1-42 g.). When the amount of quinoline ethiodide was increased to 
3 mols. (7-15 g.) and that of sodium to 3 atoms (0°58 g.), the washed dye (3-75 g.) gave on re- 
crystallisation a 76% yield (2-87 g.). When 3 mols. of potassium hydroxide were used instead 
of 3 atoms of sodium, the washed product (4-18 g.) gave on recrystallisation an 82% yield 
(3-13 g.). By boiling and stirring 1 mol. of quinaldine ethiodide (2-5 g.), 2 mols. of quinoline 
ethiodide (4-76 g.), 0-6 mol. of anhydrous potassium carbonate (180-mesh, 0-69 g.), and absolute 
alcohol (70 c.c.) for 15 minutes, and recrystallising the washed dye (2-00 g.), the yield was 25% 
(0-96 g.); with 2-4 mols. of potassium carbonate, recrystallisation of the washed dye (2-77 g.) 
gave a 47% yield (1-79 g.). 

A mixture of 1 mol. of 2-iodoquinoline ethiodide (3-44 g.), 1 mol. of lepidine ethiodide (2-5 g.), 
and absolute alcohol (40 c.c.) was heated to boiling, a solution of 2-2 atoms of sodium (0-42 g.), 
dissolved in absolute alcohol (30 c.c.), was added, and the mixture was boiled and stirred for 15 
minutes. The crude dye was washed with alcohol and with water (2-78 g. obtained) and the 
yield after recrystallisation was 60% (2-26 g.), instead of the 45 % previously obtained (Hamer, J. 
1928, 206). By use of a 10% excess of potassium carbonate (1-1 mols.; 1-27 g.) instead of a 
10% excess of sodium, the washed dye (1-98 g.) gave on recrystallisation a 38% yield (1-43 g.), 
but with twice that quantity of carbonate the washed dye (2-84 g.) gave on recrystallisation a 
75% yield (2-70 g.). With a 10% excess of triethylamine (2-2 mols.; 2-5 c.c.), the washed dye 
(3-40 g.) gave on recrystallisation a 77% yield (2-94 g.). 

By boiling together 1 mol. of quinaldine ethiodide (1-50 g.), 1 mol. of 4-iodoquinoline ethiodide 
(2-05 g.), 2 mols, of triethylamine (1-4 c.c.), and absolute alcohol (10 c.c.) for 15 minutes and 
recrystallising the washed dye (2-06 g.) thus obtained, the yield was 67% (1-53 g.) (Found, 
after drying in a vacuum at 80—100°: I, 28-2. Calc. for C,,H,,;N,I: I, 27-°9%). Its photo- 
graphic action was identical with that of samples prepared by the other methods. 

1’-Methyl-2-ethylthia-4'-cyanine Iodide [(1-Methyl-4-quinoline) (2-ethyl-1-benzthiazole)methin- 
cyanine Iodide].—4-Cyanoquinoline methiodide (2 g.; 1 mol.) and 1-methylbenzthiazole ethio- 
dide (2-06 g.; 1 mol.) were boiled with absolute alcohol (40 c.c.), treated with a solution of potas- 
sium hydroxide (0-83 g.; 2-2 mols.) in absolute alcohol (10 c.c.), and boiled and stirred for 15 
minutes. The product was filtered off and washed, first with water and then with ether (yield, 
42%). It was recrystallised from methyl alcohol (120 c.c. per g.); the yield was then 35% 
(1-06 g.) (Found: I, 28°5. C,9H,,N,IS requires I, 28-45%). The dull red crystals melted at 
275° (decomp.), with shrinking from 245°. The methyl-alcoholic solution has two absorption 
bands, at 4 4800 a. and 5000 ., respectively. This preparation, and the next but one, were 
carried out by Dr. N. I. Fisher. 

2: 1'-Diethylthia-4'-cyanine Iodide [(1-Ethyl-4-quinoline) (2-ethyl-1-benzthiazole)methin- 
cyanine Iodide].—In the reaction of 1-methylbenzthiazole ethiodide (1 mol.) with 4-cyano- 
quinoline ethiodide (1 mol.), potassium carbonate was used as condensing agent, in 120% excess, 
i.e., 2:2 mols. instead of 1 mol., and the yield of recrystallised dye was 37% (Found, after drying 
in a vacuum at 80—100°: I, 27-7. Calc. for C,,H,,N,IS: I, 27-6%). 

5-Chloro-1'-methyl-2-ethylthia-4'-cyanine Jodide  [(1-Methyl-4-quinoline)(5-chloro-2-ethyl-1- 
benzthiazole)methincyanine I odide].—Similarly, from 4-cyanoquinoline methiodide and 5-chloro-1- 
methylbenzthiazole ethiodide, a dye was prepared (44% yield) and, after two recrystallisations 
from methy] alcohol (200 c.c. per g.), was obtained in 30% yield (Found, after drying in a vacuum 
at 80—100°: Cl+I, 33-75. C,. H,gN,CIIS requires Cl+ I, 338%). The scarlet crystals 
had m. p. 292° (decomp.). The absorption band has its maximum at ) 5000 a. 

1'-Methyl-2-ethylselena-4'-cyanine Todide  [(1-Methyl-4-quinoline) (2-ethyl-1-benzselenazole)- 
methincyanine Iodide].—4-Cyanoquinoline methiodide (2 g.; 1 mol.), 1-methylbenzselenazole 
ethiodide (2-38 g.; 1 mol.), and potassium carbonate (180-mesh; 1-12 g.; 1-2 mols.) were 
boiled together in absolute alcohol (20 c.c.) for 15 minutes, and the product washed successively 
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with water and ether (yiela, 45%). After recrystallisation from methyl alcohol (200 c.c. per g.), 
the yield was 35% (1-15 g.) (Found; after a second recrystallisation: I, 25-5. CoH ,)N,ISe 
requires I, 25-7%). Dull red crystals with a green reflex were formed, m. p. about 285° (decomp.). 
The absorption is double banded, the maxima lying at 4800 and 5100 a. 

2: 1'-Dimethylthia-2'-cyanine Iodide [(1-Methyl-2-quinoline) (2-methyl-1-benzthiazole)methin- 
cyanine I odide].—2-Cyanoquinoline methiodide (1-48 g.; 1 mol.), 1-methylbenzthiazole methio- 
dide (1-46 g.; 1 mol.), anhydrous potassium carbonate (180-mesh; 1-52 g.; 2-2 mols.), and absolute 
alcohol (20 c.c.) were boiled and stirred together for 15 minutes. The solid was filtered off and 
washed with alcohol and then water (0-97 g. obtained). It was boiled out with methyl alcohol 
(20 c.c. X 4) and from the last two extracts there separated a 10% yield (0-22 g.) of red dye. 
It gave a yellow spirit solution [whereas the first extract yielded a dye (0-16 g.) which gave a 
pinker solution, and the second extract gave a mixture (0-09 g.)]. The absorption of this less 
soluble product was weaker than that of a sample of dye which was prepared for comparison 
from 2-iodoquinoline methiodide and 1-methylbenzthiazole methiodide (Hamer, J., 1928, 206), 
but the maxima were the same. As the two were alike in sensitising action, their identity was 
regarded as established. 

5: 4'-(1'-Methyl-1' : 4'-dihydroquinolylidene)-3-ethylrhodanine (1).—4-Cyanoquinoline methio- 
dide (2-76 g.; 1 mol.), 3-ethylrhodanine (1-5 g.; 1 mol.), and anhydrous potassium carbonate 
(180-mesh; 6-45 g.; 5 mols.) were ground together, treated with boiling absolute alcohol (15 
c.c.), and the mixture boiled and stirred for 2 minutes. The product was filtered off when cold, 
washed with absolute alcohol, and ground with water. The iodine-free, red crystals {0-97 g.; 
34% yield) were recrystallised from pyridine (30 c.c.); m. p. 269°. The yield was 16% (0-45 g.) 
(Found: S, 21-4. C,;H,,ON,S, requires S, 21-2%). The absorption maximum lies at A 
5200 a. 

1: 4’-(1'-Methyl-1' : 4'-dihydroquinolylidene)-2-keto-1 : 2-dihydrothionaphthen (II).—4-Cyano- 
quinoline methiodide (1-98 g.; 1 mol.), 2-ketodihydrothionaphthen (1 g.; 1 mol.), anhydrous 
potassium carbonate (180-mesh; 1-84 g.; 2 mols.), and absolute alcohol (30 c.c.) were boiled 
together, with mechanical stirring, for 20 minutes. After cooling, the dye was filtered off, washed 
with water, and dried. The crude product (0-76 g.; 39% yield) was boiled under reflux with 
pyridine (10 c.c.) for 10 minutes. The solution was filtered hot and the dye, which i 
on cooling, was filtered off and washed with ether. The yield (0-44 g.) was 23% (Found: S, 
10-9. C,,H,,ONS requires S, 110%). The olive-green crystals had m. p. 207—208°. The 
absorption maximum lies at 1 5400 a. 


Kopak Ltp., WEALDSTONE, MIDDLESEX. [Received, April 18th, 1939.]} 
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By HERBERT H. HopcGson and R. RONALD DAVIEs. 


Nitrosation and nitration of 2-hydroxyfuran give 5-nitroso-2-hydroxyfuran and 
§-nitro-2-hydroxyfuran respectively; both compounds yield 5-amino-2-hydroxyfuran 
on reduction. 3-Hydroxyfuran similarly gives 2-nitroso- and 2-nitro-3-hydroxyfuran, 
both reducible to 2-amino-3-hydroxyfuran. 


NITROSATION of 2- and of 3-hydroxyfuran produces a single mononitroso-derivative in 
each case, both of which are readily oxidised by alkaline potassium ferricyanide to the 
respective mononitro-compounds, also obtainable by direct mononitration of 2- and 3- 
hydroxyfuran. The nitro-derivative from 2-hydroxyfuran is non-volatile, and that from 
3-hydroxyfuran is volatile, in steam. It appears reasonable, therefore, to conclude from 
analogy and the laws of substitution that the former compound is 5-nttro-2-hydroxyfuran 
and the latter 2-nitro-3-hydroxyfuran, and that the nitrosation products are 5-mnttroso- 
2-hydroxyfuran and 2-nitroso-3-hydroxyfuran respectively (compare Gilman and Burtner, 
J. Amer. Chem. Soc., 1933, 55, 2907). Supporting evidence appears to be afforded by the 
facts that the melting points of the 5-substituted compounds are much higher and the 
colours much less pronounced than those of the 2-substituted isomerides. The latter, being 
o-derivatives, are probably chelated as indicated by their bright yellow colours. 
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In each case reduction of the nitroso- and the nitro-derivative affords the same amine, 
indicating that nitrosation and nitration take place in the same positions in the respective 


hydroxyfurans? 


EXPERIMENTAL. 


5-Nitroso-2-hydroxyfuran.—2-Hydroxyfuran (5 g.) was dissolved in water (100 c.c.) by 
addition of the requisite quantity of 10% aqueous sodium hydroxide, sodium nitrite (6 g.) added, 
and the solution run during 30 minutes into well-stirred dilute hydrochloric acid (20 c.c. of acid, 
d 1-16, and 200 c.c. of water) kept at 0°. The precipitate formed was collected next day (3 g.), 
dried at 50°, and crystallised from ether, 5-nitroso-2-hydroxyfuran forming pale yellow prisms, 
m. p. 176° (Found: N, 12-35. C,H,O,N requires N, 12-4%), which gave Liebermann’s nitroso- 
reaction. 

5-Nitro-2-hydroxyfuran.—A solution of 5-nitroso-2-hydroxyfuran (1 g.) in 10% aqueous 
potassium hydroxide (20 c.c.) was heated with potassium ferricyanide (22 g.) at 80° for 6 hours, 
then diluted with water to 200 c.c., filtered, acidified with dilute sulphuric acid, and extracted 
with ether; slow evaporation of the dried extract gave 5-nitro-2-hydroxyfuran (0-6 g.) in yellow 
plates, m. p. 92° (Found: N, 10-8. C,H,O,N requires N, 10-85%). 

Nitration of 2-Hydroxyfuran.—2-Hydroxyfuran (2-5 g.) was dissolved in concentrated 
sulphuric acid (10 g.) below 10°, and the stirred solution treated gradually at 0° with nitric acid 
(5 g., d 1-4), kept for 2 hours with continuous agitation, and then poured on ice. A dried 
ethereal extract of the solution afforded 5-nitro-2-hydroxyfuran (1-2 g.) in yellow plates, m. p. 
and mixed m. p. with the previous product 92° (Found: N, 10-7%). No compound volatile 
in steam was produced by the nitration. 

5-A mino-2-hydroxyfuran.—5-Nitroso-2-hydroxyfuran (1 g.) and also 5-nitro-2-hydroxyfuran 
(1 g.) were dissolved each in water (10 c.c.) by addition of the necessary quantity of 10% aqueous 
sodium hydroxide, the solutions added to hot dilute hydrochloric acid (2 c.c. of acid, d 1-16, and 
10 c.c. of water), and zinc dust (5 g.) introduced. The two mixtures were boiled under reflux 
for 1 hour, acidity to Congo-red paper being just maintained by further additions of hydro- 
chloric acid, and the straw-coloured solutions were filtered hot from inorganic solids. Dried 
ethereal extracts on slow evaporation gave colourless prisms of 5-amino-2-hydroxyfuran, m. p.’s 
and mixed m. p. 185° (Found: N, 14-2. C,H,O,N requires N, 14-1%). 

2-Nitroso-3-hydroxyfuran.—3-Hydroxyfuran (5 g.), nitrosated in the same way as the 
2-hydroxy-isomeride, afforded 2-nitroso-3-hydroxyfuran (3 g.), which crystallised from ether in 
bright yellow plates (much yellower than 5-nitroso-2-hydroxyfuran), m. p. 151° (Found: N, 
12-3. C,H,O,N requires N, 12-4%), and gave Liebermann’s nitroso-reaction. On oxidation 
with alkaline potassium ferricyanide as above, 2-nitro-3-hydroxyfuran was obtained, which 
crystallised from ether in yellow prisms (yellower than 5-nitro-2-hydroxyfuran), m. p. 76° 
(Found: N, 10-9. C,H,O,N requires N, 10-85%). 

Nitration of 3-Hydroxyfuran.—(a) In concentrated sulphuric acid solution. 3-Hydroxyfuran 
(5 g.), when nitrated in the same way as 2-hydroxyfuran, afforded 2-nitro-3-hydroxyfuran 
(3-5 g.), which crystallised from ether in bright yellow prisms, m. p. and mixed m. p. with the 
previous product 76° (Found: N, 10-9%). 

(b) Im acetic anhydride solution. 3-Hydroxyfuran (1 g.), dissolved in acetic anhydride 
(20 c.c.), was treated gradually at 0° with a solution of nitric acid (3 c.c., d 1-4) in acetic anhy- 
dride (10 c.c.) during 15 minutes. The solution was then agitated at 0—5° for 1 hour, allowed 
to attain room temperature, and poured on ice, and the mixture extracted with ether. After 
removal of the ether from the dried extract, the residue was treated with pyridine (16 c.c.) at 
50° for 30 minutes, the mixture diluted with water, rendered just acid to Congo-red with dilute 
sulphuric acid, and ether-extracted, and the dried extract allowed to evaporate slowly; bright 
yellow prisms (0-06 g.) of 2-nitro-3-hydroxyfuran were deposited, m. p. and mixed m. p. 76° 
(Found: N, 109%). 2-Amino-3-hydroxyfuran, obtained by reduction of 2-nitroso- or 2-nitro- 
3-hydroxyfuran with zinc dust as described above, crystallised from ether in colourless needles, 
m. p. and mixed m. p. 92° (Found: N, 14-0. C,H,O,N requires N, 14-1%). 


The authors thank Quaker Oats, Ltd., for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, May 5th, 1939.] 








[1939] The Seed Fats of Salvadora oleoides and Salvadora Persica. 1015 


217. The Seed Fats of Salvadora oleoides and Salvadora Persica. 
By B. G. GunDE and T. P. HILpitcu. 


The seed fats of Salvadora oleoides and Salvadora Persica are rich in combined 
myristic acid, with lauric and palmitic acids as subsidiary major components. Their 
component acids were found to be: decoic 1-5, 1-0; lauric 21-2, 19-6; myristic 52-9, 
54-5; palmitic 18-9, 19-5; and oleic 5-5, 5-4% (by weight). 


Salvadora oleoides and S. Persica (Indian names respectively jhal and pilu), of the natural 
family Salvadoracez, are small wild shrubs found in the Punjab, Sindh, Trans-Indus 
valleys and some parts of S. India. They bear currant-like fruits with thin viscid fruit 
coats in May and June. The fruit coats did not yield any fat when extracted with light 
petroleum, but gave about 1% of resinous material on extraction with acetone. The 
seeds of both species are much alike and resemble yellow mustard seeds in size and colour. 

Hooper (Agric. Ledger, 1908, 15, 1) first studied the characteristics of these fats. Later 
Patel, Iyer, Sudborough, and Watson (J. Indian Inst. Sci., 1926, 9A, 117) made a detailed 
study of S. oleoides seed fat, and stated that the component acids included octoic 4-4, 
decoic 6-7, lauric 47-2, myristic 28-4, oleic 12-0, and linoleic 1-394. The general character- 
istics of both seed fats, as reported by these workers and as observed in the present study, 
are collected in Table I, from which it will be seen that, whilst Hooper’s seed fats resemble 
those now examined, that studied by Patel e¢ al. differed considerably from either, especially 
in that it contained more than twice as much unsaturated (oleic) acid. 


TABLE I. 


Characteristics of S. oleoides and S. Persica seed fats. 
S. oleoides. S. Persica. 


Characteristics, Hooper. Patel et al. Present work. Hooper. Present work. 





Fai: 
2-02 


Polenske value hamiccuiding 
Reichert—Meissl value 
Solidifying point 
Unsaponifiable matter, % 


Fatty acids : 
Oo 
Setting OUINS sas scesavecivenseises 
Iod. value weesgaiatavtseee ede 


By the courtesy of Dr. R. M. Gorrie (Divisional Forest Officer, Silva Research Division, 
Lahore, Punjab) fruits of both species, which were collected in July, were obtained for analysis. 
When received, the fruits were slightly moist. The sticky fruit coats were carefully removed. 

The seeds formed about 44—46% of the whole fruit and on an average 100 seeds weighed 
3-2 g. The seeds were ground and separately extracted with light petroleum (b. p. 40—60°) 
in a Soxhlet extractor. Those of S. oleoides yielded 41-0%, and those of S. Persica 39-3%, of a 
pale yellow, solid fat. Each fat was submitted to detailed analysis as described below. 


TABLE IT. 


Fractional distillation of total methyl esters from S. oleoides seed fat. 


Fraction Sap. Tod. Fraction Sap. 
Wt., g. B. p. equiv. val. . oO. Wt., g. B. p. equiv. 
0. 

1-25 60—74° 206-6 6 2-19 96—98° 243-4 
2-93 74—75 213-7 7 2-35 98—110 261-9 
1-79 75—96 232-5 8 3-29 Residue 280-3 

3-44 96 241-1 — 

96 242-3 21-15 
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Component Acids of S. oleoides and S. Persica Seed Fats.—24 G. of each fat were saponified, 
and, after removal of unsaponifiable matter from the soaps by extraction with ether, the mixed 
acids were liberated. These were then converted into methyl esters, and the latter fractionally 
distilled at 0-1 mm. pressure through an electrically-heated and packed column. 


TABLE III. 


Fractional distillation of mixed methyl esters from S. Persica seed fat. 


Fraction Sap. Iod. Fraction Sap. 
No. Wt., g. B. p. equiv. val. No. Wt., g. B. p. equiv. 
Sef S.P. 

60—76° 210-5 6 2-96 96° 241-7 

75—76 216-1 7 1-87 96—106 248-3 

76—94 226-1 8 2:10 106—108 269-1 

94— 96 241-2 9 2-75 Residue 288-9 
96 241-8 — 
20-55 


Certain of the individual ester fractions were qualitatively examined as follows : 

Fractions S.0./2 and S.P./2. The acids obtained by hydrolysis of these fractions melted at 
44°, On crystallisation from 70% alcohol and in admixture with an authentic sample of lauric 
acid the m. p. did not change. 

Fractions S.0./4 and S.P./4._ Myristic acid, m. p. 53°, was obtained when the acids from 
these fractions were crystallised from 80% alcohol. 

Fractions S.0./7 and S.P./7. Palmitic acid, m. p. 62-5°, was obtained after repeated 
crystallisation of the acids obtained from these fractions from 92% alcohol. 

Fractions S.0./8 and S.P./9. These residual fractions contained esters which, when freed 
from unsaponifiable matter, possessed sap. equiv. 279-2, 279-5, and iod. val. 28-5, 33-5. The 
acids from these fractions were separately oxidised in solution in dilute alkali at 0° by potassium 
permanganate, and the products of oxidation extracted with light petroleum to remove saturated 
acids (no saturated acid higher than palmitic was detected). The products insoluble in light 
petroleum were treated with boiling water. The insoluble fraction yielded on repeated crystal- 
lisation from ethyl acetate an acid which melted at 130° (unchanged when mixed with 9: 10- 
dihydroxystearic acid, m. p. 132°). No tetrahydroxystearic acid was obtained from the hot 
water extract, and the only unsaturated acid detected was, therefore, A%-oleic acid. 


With the help of the above quantitative and qualitative data, the proportions of the 
component acids (excluding unsaponifiable matter) of both seed fats are calculated as given 
in Table IV. 


TABLE IV. 


Component acids of S. oleoides and S. Persica. 
S. oleoides seed fat acids. S. Persica seed fat acids. 


Acids. % (wt.). % (mol.). % (wt.). % (mol.). 
NN, sicctciacwepaedinden 1-5 2-0 1-0 1-3 
DEE. censnnrshcincaoeiiaaeeins 21-2 24-1 19-6 22-3 
aaa 52-9 52-7 54-5 54-6 
i IES LEY Is SEE 18-9 16-8 19-5 17-4 
SU ca ie Acted Hidect aides 5-5 4-4 5-4 4-4 





Since the amounts of mixed acids available were small, the final compositions are of an 
approximate order. It is clear, however, that the seed fats of these two species of Sal- 
vadora are almost identical in composition. It is also evident that the data given differ 
markedly from those of Patel ef al., not only in the smaller proportions of oleic acid, but 
also in that the proportions of myristic and lauric acids are almost reversed; moreover, 
these workers were unable to detect any palmitic acid. In the light of the present results, 
the component acids of both species contain somewhat over 50% of myristic acid, with 
approximately 20% each of lauric and palmitic acid (by weight) ; oleic and decoic acids are 
the only minor component acids present. 


THE UNIVERSITY, LIVERPOOL. [Received, May 6th, 1939.1] 
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218. The Yellow Colouring Matter of Dahlia variabilis. 
By J. R. PRICE. 


The yellow colouring matter of the flowers of Dahlia variabilis has been identified 
as butein. The bearing of this identification upon the problem of the biogenesis of the 
anthocyanins and related substances is discussed. The pigment readily undergoes 
the Robinson—Walker chromylium salt synthesis (J., 1934, 1435). 


ScHMID and WAscHKAU (Monatsh., 1928, 49, 83) isolated apigenin (m. p. 347°) from flowers 
of the yellow Dahlia variabilis, and noted that it was accompanied by a second substance 
which was evidently responsible for the intense colour. An attempt was made by Schmid 
and Seebald (ibid., 1932, 60, 32) to purify this second constituent. Their product had the 
molecular formula C,;H,,0;, melted with decomposition at 324°, and contained three 
hydroxyl groups, one of which was present in a p-hydroxybenzene nucleus. They were 
unable to obtain a pure acetyl derivative, or to identify the phenolic fraction produced by 
fusion with potash. Further work by Schmid and Haschek (tbid., 1933, 62, 317) revealed 
the surprising fact that this substance, whose colour with alkalis is quite distinct from that 
of apigenin, gave triacetyl apigenin on acetylation and apigenin dimethyl ether on methyl- 
ation. Schmid and Haschek were unable to account for the conversion of their pigments 
into apigenin and suggested that it was a case of dimorphism. There can be no doubt that 
they were dealing with impure apigenin. 

The identification of the yellow pigment was undertaken to facilitate a study of the 
inheritance of flower colour in Dahlia (see Lawrence and Scott-Moncrieff, J. Genet., 1935, 
30, 155). When genetically analysed plants whose flowers were deep yellow and contained 
little or no flavone were used, the substance was readily obtained pure. It has the formula 
C,;H,,0;, contains four hydroxyl groups, and can be degraded to resacetophenone and 
protocatechuic acid. Mixed melting points of the substance and its acetyl derivative with 
synthetic butein (I) and butein tetra-acetate showed no depression. As expected, con- 
densation with resorcinol took place smoothly under the conditions employed by Robinson 
and Walker (J., 1934, 1435; 1935, 941) with the formation of 7 : 2’: 4’-trihydroxy-4- 
(3” : 4’-dihydroxypheny]l)flavylium chloride (II). 

Cl 
wo. OH 


OH OH 


a) HO/ oH GH~< SoH 
JH 
co " 
OH 


Perkin and Hummel (J., 1904, 85, 1459) obtained a small amount of butein as a by- 
product in the isolation of butin from flowers of Butea frondosa. Laland Dutt (J. Indian 
Chem. Soc., 1935, 12, 262) also identified butein in mother-liquors from the isolation of 
butrin, the butin diglucoside of Butea frondosa. However, dyeing experiments (Perkin and 
Everest, ‘‘ The Natural Organic Colouring Matters,’’ London, 1918) suggest that butein does 
not occur as such in Butea frondosa, but is formed from butin during the extraction or 
drying of the flowers. Dahlia seems therefore to be the first example of the occurrence of 
the substance in nature. 

The yellow pigment is accompanied by another substance, which shows similar behaviour 
to alkalis but is much more soluble inwater. This is possibly glycosidic and, since the method 
of extraction involved heating with dilute acid, the butein may be present as an easily 
hydrolysable glycoside. The isolation of this more soluble fraction will be undertaken when 
fresh material is available. 

_ The identification of butein in Dahiia flowers is of interest in connection with the scheme 
put forward by Robinson (‘‘ The Molecular Architecture of Some Plant Products,” 9th 
3x 
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Int. Congr. Chem., Madrid, 1934; see also Nature, 1936, 137, 172) for the formation in the 
plant of the anthocyanins and other members of the flavan group. Genetical data obtained 
by Lawrence and Scott-Moncrieff (loc. cit.) show that in Dahlia the anthocyanins, flavones 
and butein are produced from a common intermediate, and that there is competition between 
the three lines of synthesis for this intermediate. The existence of such competition in 
anthocyanin and flavone (or flavonol) synthesis has been realised for some time, and the 
recognition of a third competing process is of value as a step towards the determination of 
the structure of all substances in whose synthesis this intermediate is involved. When 
this has been accomplished, it may be possible to deduce the structure of the intermediate 
and to trace the stages in the formation of a large group of plant products. 


EXPERIMENTAL, 


Isolation.—Fresh flowers were boiled for 1—2 hours with 4% hydrochloric acid, and the 
filtered extracts saturated with sodium chloride and shaken three times with amyl alcohol. 
The amyl-alcoholic solution was mixed with an equal volume of benzene and shaken with 
saturated aqueous sodium acetate. This treatment removed a substance whose colour reactions 
resemble those of the principal colouring matter, but which has a greater solubility in water 
and is probably glycosidic. The benzene-amyl-alcohol solution was shaken with 10% sodium 
hydroxide solution, which was then acidified with hydrochloric acid and the precipitate filtered 
off, dried, and extracted with ether (Soxhlet). After evaporation of the ether, the substance 
was crystallised from acetone-chloroform (once) and aqueous acetone (twice) and obtained 
in golden-yellow needles, m. p. 211—213° after drying at 105° in a vacuum, mixed m. p. with 
synthetic butein 210—212° (Found for a specimen dried at room temperature: C, 62-4; H, 4-9. 
Calc. for C,,H,,0O,;,H,O: C, 62-1; H, 48%. Found for material dried at 105° in a vacuum : 
C, 65-7; H, 46; OMe, 0; M, Rast, 267. Calc. for C,,H,,0,: C, 66-2; H, 44%; M, 272). 

The acetyl derivative formed almost colourless needles from methyl] alcohol, m. p. 130—131°, 
mixed m. p. with butein tetra-acetate 129—131° [Found: C, 62-4; H, 4-5; CH,°CO, 40-5. 
Calc. for C,,H,O(O-CO-CH;,),: C, 62-7; H, 46; CH,°CO, 39-1%]. 

Potassium Hydroxide Fusion.—The pigment (0-9 g.) was heated with potassium hydroxide 
(5 g.) and water (5 c.c.) until the red colour changed to pale brown. Separation of the acidic 
and phenolic fractions gave protocatechuic acid (m. p. 191—193° after crystallisation from 
benzene, mixed m. p. 192—194°) and resacetophenone (m. p. and mixed m. p. 142—144° after 
crystallisation from water). Resacetophenone 2 : 4-dinitrophenylhydrazone formed maroon plates 
from alcohol, m. p. 242—245° (Found: N, 17-0. C,,H,,O,N, requires N, 16-9%). 

7:2’ : 4'-Trihydroxy-4-(3”" : 4''-dihydroxyphenyl)flavylium Chloride.—Butein (0-5 g.) and 
resorcinol (0-2 g.) were dissolved in ethyl-alcoholic hydrogen chloride (12%; 7 c.c.) and kept 
in presence of chloranil (0-45 g.) for 10 days. Much solid had then separated, but as a little 
unchanged chloranil remained, the mixture was diluted with ether, and the flavylium salt 
dissolved in 0:5% alcoholic hydrogen chloride. The solution, filtered from chloranil, was 
treated with a large excess of saturated aqueous picric acid, and the precipitated picrate crys- 
tallised from half-saturated alcoholic picric acid. This was converted in the usual manner into 
the chloride, which crystallised from 10% ethyl-alcoholic hydrogen chloride in brownish-orange 
needles (Found for material dried in a vacuum over phosphoric oxide: C, 60-4; H, 4-5; Cl, 
7°9. C,,H,,0,Cl,H,O requires C, 60-5; H, 4-1; Cl, 8-5%). 

The salt dissolves in concentrated sulphuric acid to a yellow solution with a green fluorescence. 
It is almost insoluble in aqueous acids, but an alcoholic solution is orange-red. The quinone 
base produced by addition of sodium acetate to an aqueous alcoholic solution is crimson and can 
be extracted by ether; with sodium carbonate the colour changes to magenta, becoming bluer 
in tone on addition of 10% sodium hydroxide solution. 

Synthesis of Butein.—The conditions employed for the condensation of resacetophenone and 
protocatechualdehyde were those used by Nadkarni and Wheeler (J., 1938, 1320) in the synthesis 
of 2: 4-dihydroxyphenyl 4-hydroxystyryl ketone. After crystallisation from aqueous alcohol 
(charcoal) the butein had m, p. 210—212°; the acetyl derivative had m, p. 129—131°. 

Saiyad, Nadkarni, and Wheeler (J., 1937, 1737) state that their butein gave a dark purple 
colour with ferric chloride. Neither the synthetic specimen prepared as above, nor that isolated 
from natural sources, gave such a ccolour. In each case the ferric reaction was olive-brown. 


The author is indebted to Prof. Sir Robert Robinson, F.R.S., for his interest in this work, 


Joun Innes Horticutturat Institution, Lonpon, S.W. 19. [Received, May 8th, 1939.) 
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By Ernst BERGMANN and FELIX BERGMANN. 


The migration of the C,, methyl group in the dehydrogenative conversion of 
steroids into 3’-methylcyclopentenophenanthrene takes place during the thermal 
decomposition of the steroid molecule and is not necessarily connected with the 
dehydrogenation. This conclusion is drawn from the results of experiments on the 
structure of the two products, C,,H;, and C,;H,,, obtained by thermolysis of cholesteryl 
chloride. 


IN a preliminary note (Chem. and Ind., 1936, 55, 272) it was pointed out that the formation 
of 3’-methyl-1 : 2-cyclopentenophenanthrene on dehydrogenation of steroids appears to be 
a two-stage process: (a) thermolytic formation of octane and of a bivalent radical at 
C,7, followed by retropinacolic stabilisation, which involves migration of the C,,-methyl 
group, and (b) dehydrogenation : 

H C,Hy, Me 


56 = op 0h - y, 


An alternative possibility is given by the ‘iin oat ; 
H C,H,, 


Bm Bs. 


Here, the steroid molecule is split into one molecule of octene and a residue saturated at 
C,,; in this case, migration of the C,,;-methyl group would occur in the course of dehydro- 
genation only. This possibility has to be borne in mind in view of the results of Linstead 
and co-workers (J., 1937, 1146), who observed, under certain conditions, the formation of 
a-methylnaphthalene from 9-methyl-A1-octalin (which, however, contains a double bond). 

The experiments reported seem to show that the former alternative is correct, since the 
C,-compound split off during thermolysis is mainly octane although some unsaturated 
material also is present. The proof, therefore, must be sought in the nature of the two 
hydrocarbons C,,H3, and C,;H,., previously described (loc. cit.), which we have now 
investigated in greater detail. 

The substance C, Hg, is a tetracyclic hydrocarbon containing one double bond. Oxid- 
ative fission at this vulnerable point could not be effected, but catalytic hydrogenation 
eventually gave a hydrocarbon C, Hs, : obviously the double bond is in a masked position, 
Dehydrogenation gave, inter alia, 3’-methyleyclopentenophenanthrene and a hydrocarbon 
CygHy. The production of the former is not a proof of the presence of the 3’-methyl group 
in the hydrocarbon C,,H3,, for Linstead’s observation invalidates the evidence: in view 
of the results obtained with C,;H,, (see below), however, the conclusion. seems justified. 
The hydrocarbon C,,H,, therefore, which gives a dark red coloration with picric acid 
solution, indicating the presence of a naphthalene system, must have formula (I) or (II). 


H Me H Me 


cys 
| e + 1 other double bond 
+ 

VA 

(I1.) 


(III.) 
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Dehydrogenation of the hydrocarbon C,,H,.gave phenanthrene andaliquid hydrocarbon, 
C,H, or C,;Hy9. The production of phenanthrene under these conditions shows that 
a methyl group is not present at C, of the phenanthrene system (C,, of the sterol skeleton) 
in C,,H,.—otherwise 2-methylphenanthrene would have been formed—and is further a 
proof for the formula C,;H,, and against C,,H,,, which could not be excluded on the basis 
of the experiments reported in our preliminary paper : if the latter formula were correct, 
two methyl groups would have had to have been eliminated in the phenanthrene formation, 
which is unlikely. The hydrocarbon C,;Hy9, therefore, is to be formulated as (III). 

The physical constants of the liquid hydrocarbon C,,H,, or C,;Hg are in satisfactory 
agreement with those reported for 1 : 2:3: 4:5:6:7 : 8-octahydrophenanthrene (C,,H,,) 
by Schroeter (Ber., 1924, 57, 1990, 2025; compare Auwers and Krollpfeiffer, Annalen, 
1922, 430, 253) ; in its formation from C,,H,, the double bond migrates from ring C into ring 
B, which becomes aromatic. The formula C,,;H4, is not definitely excluded ; as it would 
include the quaternary methyl group present at C,, of the sterol skeleton, only ring C could 
become aromatic. 

How could a hydrocarbon C,;H,, (III) be formed subsequently to C,,H3,? Apparently, 
the five-membered ring of the original sterol skeleton is split off as a whole, probably after 
one-sided fission of the hydrindene system such as occurs in the formation of chrysene 
from steroids and of 7-methylnaphthafluorene from strophanthidin (E. Bergmann, J. Amer. 
Chem. Soc., 1938, 60, 2306). If so, the absence of the C,, methyl group from the fission 
product C,,H,, is only understandable if it had already changed its position in the starting 
material C,,H5,; otherwise, it should have survived the fission. The reaction mechanism 
proposed therefore seems plausible. 

By the thermolysis of cholesterol Fischer and Treibs (Amnalen, 1925, 446, 1241) obtained 
inter alia, a substance C,,H,., m. p. 91—92°, which gave a dark yellow picrate, m. p. 155°. 
This substance is probably 9-methylphenanthrene. It may have been formed from the 
thermolysis product C,,H,. by spontaneous aromatisation, but the methyl group is not 
eliminated as in the case of selenium dehydrogenation; it migrates in a manner analogous 
to the oxidative conversion of ergosterol into toluenetetracarboxylic acid (Inhoffen, 
Guiferas, and Nakameya, Amnalen, 1932, 494, 122; Reindel and Niederlander, ibid., 1930, 
482, 264; compare also Haworth, J., 1934, 454; Jones and Ramage, J., 1938, 1853). 

A second substance, C,,H,,, m. p. 203°, described by Fischer and Treibs, seems to be 
impure chrysene, which is a common degradation product of sterols (Diels and co-workers, 
Annalen, 1927, 459, 1; 1930, 478, 129; Ber., 1927, 60, 140; 1933, 66, 487; Ruzicka and 
co-workers, Helv. Chim. Acta, 1934, 17, 200; Raudnitz et al., Z. physiol. Chem., 1932, 209, 
103; Ber., 1933, 66, 879; Butenandt and Thompson, Ber., 1934, 67, 140). We have often 
observed that chrysene so formed has a rather low m. p., which can be raised only with 
difficulty. 


EXPERIMENTAL. 


Experiments with C,,H39.—When a benzene solution (5%) was passed through a column of 
calcium hydroxide (35 cm. in height), it lost its fluorescence but retained practically the whole 
of the hydrocarbon. The refractive index changed from 1-5263 to 1-5250. 

Hydrogenation. The hydrocarbon (4-8 g.) in butanol (100 c.c.) was hydrogenated in presence 
of palladised barium sulphate, which had to be re-activated several times by passage of air 
through the apparatus. The main product, b. p. 169—174°/1 mm., n}%* 1-5210, gave analytical 
figures consistent with the formula C,,H;,, indicating the presence of one double bond in the 
original material (Faund: C, 87-6, 87-5; H, 12-1, 12-2, C,H 3, requires C, 87-7; H, 12-3%). 
The residue left after distillation partly crystallised. The crystals were recrystallised from 
glacial acetic acid or xylene and formed needles, m. p. 246-5°, the analysis of which pointed to 
the formula C,,H,,O,, the presence of the oxygen being apparently due to catalytic oxidation 
(Found: C, 73-0; H, 6-1. C,,H,,O, requires C, 73-1; H, 6-4%). 

Dehydrogenation. The hydrocarbon was heated with twice its weight of selenium in sealed 
tubes at 300—320°. The experiments were made with small batches, in order to avoid too 
high a pressure in the tubes, and the products combined. The following fractions were 
obtained: (a) B. p. 115°/0-18 mm. This substance was 1:2:3:4:5:6:7: 8-octahydro- 
phenanthrene according to its refractive index, nj~* 1-5631 (Found: C, 90-1; H, 9-7; M, 166. 
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Calc. for C,,H,,: C, 90-3; H, 9-7%; M, 186). It was also formed on dehydrogenation of the 
hydrocarbon C,5Hg9. ' 

(b) B. p. 120°/0-6 mm. This fraction was a colourless fluorescent oil which darkened on 
standing; nz*’ 1-5962. Its analysis (Found: C, 90-9; H, 8-8; M, 215. Calc. for C,,H,,: 
C, 91-3; H, 8-7%; M, 184. Calc. for C,;H,,: C, 90-9; H, 9-1%; M, 198) indicated a hexa- 
hydrophenanthrene or a methyl] derivative. 

(c) B. p. 150—180°/0-2 mm. This product solidified almost completely, forming colourless 
crystals exhibiting a violet fluorescence. It separated from alcohol in needles, m. p. 124—125°, 
which were identified as 3’-methyl-1 : 2-cyclopentenophenanthrene by means of the trinitro- 
benzene compound, m. p. 149° (Gamble, Kon, and Saunders, J., 1935, 644) (Found: C, 64-6; 
H, 4-1; N, 9-7. Calc.: C, 64-7; H, 4:3; N, 9-4%). 

(d) B. p. 180—190°/0-18 mm. This was a greenish-yellow liquid (Found : C, 91-2; H, 8-8; 
M, 262. C,,H,. requires C, 91-5; H, 8-5%; M, 236). A C,, formula would account for the 
presence of an aromatic naphthalene system (coloration with picric acid) only if the C,, methyl 
group had migrated, e.g., to the para-position, as in the conversion of ergosterol into toluene- 
tetracarboxylic acid (see above), which is not very likely. 

Experiments with C,;H,..—The hydrocarbon (1 g.) was heated with selenium (2 g.) for 36 
hours at 275—300° (sealed tube). Three fractions were obtained in a high vacuum (0-2 to 
0-5 mm.): (a) B. p. 120—125°. Unchanged material (Found: C, 88-6; H, 10-6. Calc.: 
C, 89-1; H, 10-9%). 

(b) B. p. 125—135°. Analysis pointed to the formula C,,H,, (Found: C, 90-2; H, 10-0. 
Calc. : C, 90-3; H, 9-7%) of the afore-mentioned octahydrophenanthrene. 

(c) B. p. 165° (bath temperature). This fraction formed white crystals, m. p. 90°, not 
depressed by phenanthrene, but markedly depressed by 9-methylphenanthrene. 

9-Methylphenanthrene was prepared by heating phenanthryl-9-aldehyde semicarbazone 
(Shoppee, J., 1933, 40) (2 g.) with sodium ethoxide solution (2 g. of sodium, 40 c.c. of alcohol) 
at 200° for 6 hours (autoclave; nitrogen atmosphere). Dilute sulphuric acid and ether were 
added, and the hydrocarbon isolated in the usual way. After crystallisation from propyl 
alcohol, it had m. p. 99-5°. 

9-Methylphenanthrene depresses the m. p. of phenanthrene to 64—68°, but their picrates 
(m. p. 153° and 145° respectively) give no m. p. depression with each other (compare Haworth, 
Ann. Reports, 1937, 329; Fieser and Hershberg, J. Amer. Chem. Soc., 1938, 60, 1658). 


Tue DANIEL SreFrF RESEARCH INSTITUTE, 
REHOVOTH, PALESTINE. [Received, March 9th, 1939.] 





220. The Pyrolysis of Disilane and Trisilane. 
By H. J. Emevtus and C. REID. 


An analytical and kinetic study has been made of the thermal decomposition of 
disilane and trisilane on a silicon-coated glass surface, at 314—360° and 303—350°, 
respectively. In each case, the products are monosilane, hydrogen, silicon, and a small 
amount of solid hydride. Both reactions are approximately unimolecular, but show 
an induction period. Packing of the reaction vessel causes some retardation. Addition 
of hydrogen eliminates the induction period, and raises the proportion of monosilane 
produced, but slightly retards the reaction. If the pyrolysis of disilane is carried out 
in the presence of ethylene, approximately one mol. of ethylene is polymerised for 
every mol. of disilane decomposed, and some ethane is also formed. Trisilane 
polymerises about 1-3 mols. of ethylene, but more ethane is produced than in the case 
of disilane. These polymerisation reactions, and the effect of hydrogen in increasing 
the proportion of monosilane formed in the pyrolysis, are interpreted as evidence that 
these two reactions involve free silyl radicals. 


It was established by Stock and Somieski (Ber., 1916, 49, 111) that monosilane isdecomposed 
thermally at about 420° into silicon and hydrogen, and more recently, Hogness, Johnson, 
and Wilson (J. Amer. Chem. Soc., 1936, 58, 108) have made a kinetic study of this reaction. 
It was found to be homogeneous, obeying a unimolecular law, and was retarded in the 
later stages by the hydrogen produced. Apart from a qualitative statement by Stock and 
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Somieski (Ber., 1922, 55, 3961) that disilane decomposes at about 300° to give monosilane 
as the principal product, with a little higher hydride, no observations have been made on 
the higher hydrides of silicon. 

These reactions are of interest, not only because of the analogy they afford with the 
pyrolysis of hydrocarbons, but also because they may be expected to throw some light on 
the question of the existence of free radicals containing silicon. A specially interesting 
feature of the chemistry of silicon is the fact that no volatile silicon analogue of ethylene 
exists, and our studies in this field may, it is hoped, help to elucidate this point, as well as 
the analogy between the silyl and the methy] radical. 


EXPERIMENTAL, 


Mixed silicon hydrides were prepared by the method of Stock and Somieski (Joc. cit., 1916). 
The magnesium silicide used was, however, prepared by heating together pure magnesium 
filings and silicon at 620—650° for 24 hours in a stream of hydrogen. Silicide so prepared 
gave yields of hydrides containing up to 35% of the'silicon used. The mixed hydrides were 
subjected to vacuum fractionation and obtained tensimetrically pure. The kinetic studies 
were carried out in a cylindrical, soft-glass bulb (3 cm. internal diameter) covered with a deposit 
of silicon. On clean glass, the reaction rate was little different, but the induction period varied 
considerably. With a deposit of silicon, reproducible rates were obtained in all the cases 
studied. The reaction bulb was connected to a capillary manometer, and by capillary taps to 
storage reservoirs, a Tépler pump, and the vacuum line. The reactant was introduced into the 
heated vessel from an auxiliary reservoir of known volume, connected with a manometer. 
The change in pressure recorded by the latter enabled the initial pressure of the substance 
undergoing pyrolysis to be calculated. The induction period in the pyrolysis enabled this 
initial pressure to be checked directly. 

At the termination of an experiment, the reaction products were frozen out in traps cooled 
in liquid nitrogen and placed between the reaction vessel and the Tépler pump. The hydrogen 
produced was then pumped off, measured, and the residual gases analysed. Mixtures of 
disilane and monosilane could be separated by a single distillation at — 150° to — 160° (this 
temperature was obtained by means of a pentane bath). By pumping for at least one hour 
between these temperatures monosilane was completely removed, as was shown by tests on 
artificial mixtures. Thus a mixture of 38-8 c.c. of mono- and 10-3 c.c. of di-silane was prepared, 
and so fractionated. The volumes of gas recovered were 38-6 c.c, and 10-4 c.c. respectively. 
Tri- and mono-silane were separated similarly. Volume measurements were carried out in 
a calibrated bulb with a manometer, attached to the main vacuum apparatus. All volumes 
recorded are reduced to S.T.P. 

The Pyrolysis of Disilane.—In preliminary experiments it was found that disilane commences 
to decompose at about 300—310°. The rate is conveniently measurable between 315° and 360°. 
Under the same conditions, it was verified that the decomposition of monosilane is appreciable 
only above 370°. The decomposition of disilane is accompanied by an increase in the total 
pressure, and, in order to verify that this increase is, at any instant, a true measure of the 
amount of decomposition, a series of experiments were carried to various stages of completion, 
and the amount of monosilane and hydrogen produced, and unchanged disilane, were deter- 
mined by analysis. The close relationship between the silane decomposed and the pressure 
change is shown by the data in Table I, obtained at 314° and an initial pressure of 201 mm. 


TABLE I. 


Correlation of Amount of Distlane decomposed with Volume Change. 
Products (c.c.). 

Time, Si,H,, - A . Si,H, decomp. © Vol.change 
c.c. Hy. SiH,. Si,H,. Total Si,H, Total vol. change 
8-70 1-65 3-96 5-31 0-394 0-412 
8-75 2-31 5-80 3-65 0-583 0-573 
8-70 2-86 , 2-55 0-710 0-698 
8-77 3-18 . 1-85 0-790 0-795 
8-75 3-68 , 1-15 0-880 0-900 

24 8-75 4-10 ° -- — = 


It will be seen that there is a reasonable agreement in the last two columns, and this justifies 
the use of the pressure change in a constant-volume system as a measure of the amount of 
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disilane decomposed. It was also verified that the nature of the reaction products is independent 
of whether or not the bulb is packed, and is the same at 314°, 332°, 349°, and 360°. 

Above 370°, however, the rate of decomposition of monosilane becomes appreciable, and this 
sets an upper limit to the temperature range over which the reaction may usefully be studied. 
In Table II are given analytical data obtained in a series of experiments in which the reaction 
was allowed to go to completion, They indicate that its course may be represented by the 
equation : 

SiH, = SiH, + H, + Si 
lmol. 1-10 mols. 0-46 mol. 0-90 mol. 


The solid deposited in the bulb is brownish-black, and it will be seen from the above equation 
that it still contains some hydrogen (its apparent composition is SiH,.). In view of the ex- 
periments of Hogness, Johnson, and Wilson (loc. cit.), which show that hydrogen is not appreci- 
ably adsorbed by silicon, this hydrogen is probably present as the yellow polymeric hydride 
(SiH,),, which has been reported from various sources. It is notable that the reaction always 
gives more than one molecule of monosilane per molecule of disilane decomposed. It will be 
seen later that the effect of added hydrogen is to increase further the proportion of monosilane, 
and it is therefore clear that the hydrogen found in the simple pyrolysis of disilane must also 
influence the nature of the products. This may be the cause of the formation of more than one 
molecule of monosilane. 


TABLE II. 


Si,H,, Products (c.c.). i 

c.c., Pinitia, - mm SiH, | _H, , 
Temp. initial. cm. Hg. i SiH,. Si,H, Si,H, 
332° 6-51 13-70 6-80 1-125 0-448 
332 11-81 22-85 11-60 1-11 0-470 
332 16-87 33-95 16-70 1-12 0-470 
349 14-50 22-30 15-80 1-105 0-433 
349 19-00 29-30 20-20 1-08 0-450 
349 24-60 37-90 26-80 1-11 0-427 
360 9-26 14-30 10-30 1-14 0-474 
360 16-85 26-00 18-40 1-10 0-460 
360 18-75 28-90 20-20 1-09 0-468 
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Kinetics of the Decomposition.—The rate of decomposition of disilane was determined by 
pressure measurements. The reaction was found to be characterised by an induction period 
which was of the order of six minutes at 332° but decreased at higher temperatures. The 
reaction was approximately of the first order, as is shown by the graph in Fig. 1, in which 
log (py — Po) /(Ps — P:) is plotted against the time (p, = initial pressure; p; = final pressure; 
?; = pressure at time 2). 

Reaction rates were reproducible, and for each temperature independent runs at different 
initial pressures were made. In Fig. 1, data obtained at 332°, 349°, and 360° are plotted and 
illustrate the approximately unimolecular character of the reaction. A possible clue to the 
significance of the induction period is given by the effect of added hydrogen (see below), which 
completely eliminates the initial retardation. The slight curvature at the end of the reaction 
is believed to be due to the effect of the hydrogen produced. The reaction is probably not 
homogeneous, for, as shown below, the effect of packing the reaction vessel is to retard the 
reaction somewhat. This finds a general explanation if the pyrolysis is assumed to be a chain 


reaction. 
Values of the velocity constant obtained at four different temperatures are tabulated below : 


605 622 633 
0-025 0-067 0-167 


From these data, a graph of log, k against 1/T gave a straight line, showing that over this 
temperature range we are dealing, in all probability, with a single reaction. The energy of 
activation derived from this graph is 51,300 cals., a value only a little less than that found by 
Hogness, Johnson, and Wilson (Joc. cit.) for monosilane, viz., 51,700 cals. 

The effect of hydrogen. The effect of added hydrogen on the kinetics of the pyrolysis was 
studied by preparing a series of disilane~hydrogen mixtures manometrically, in the auxiliary 
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reservoir. The effect of hydrogen was two-fold. First, it affected the rate of the reaction : 
by completely removing the induction period, it appeared to accelerate the reaction in its 
earlier stages; later, however, this was replaced by a slight retardation. Secondly, addition 
of hydrogen altered the ratio of the products of the reaction. The effect of hydrogen on the 
rate is illustrated in Fig. 2, the data for which were obtained at 332°. Here, the time is plotted 
against the fractional increase in pressure. The lower curve is a simple decomposition curve 
for 332°, and the upper one is for a mixture of disilane and hydrogen containing 48-8% of the 


Fic. 1. 


Graphs illustrating the unimolecular character of the decomposition of disilane. 
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latter. The effect of hydrogen on the later stages of the reaction may be represented by an 
expression of the form k = [Si,H,]/[H,]", where » = 0-25—0-35. 
Table III shows that in the presence of excess hydrogen, the ratio 


(SiH, produced) /(Si,H, decomposed) 


approaches the value 1-5. The hydrogen concentration here is much more than the total 
concentration at the end of the simple pyrolysis of disilane, and comparison of runs C and E 
shows no sensible increase in the amount of silane formed for a nine-fold increase in the amount 
of hydrogen. The increase in silane formed is offset by a decrease in the amount of hydrogen 
retained by the solid deposit. In the absence of added hydrogen (Table II) this amounts to 
about 10% of the hydrogen present in the disilane, whereas in the above experiments about 
99% of the hydrogen remained in the gaseous phase (i.e., as hydrogen or monosilane). The 
actual hydrogen found over and above that added at the commencement of a run is, however, 
much less than in the experiments recorded in Table IT. 
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Si,H,, 
c.c. 


12-36 
12-41 
7:38 
7-38 
8-88 
5-52 


The Pyrolysis of Disilane and Trisilane. 


H,, 
c.c. 
11-74 
11-79 

7-02 
7-02 
62-14 
38-64 


TABLE III. 


Decomposition products of Si,H, + H, at 332°. 


Initial 
pressure, 
cm. 
48-95 
49-00 
29-20 
29-20 
31-20 
19-40 


SiH,, 
c.c. 


17-7 
17-4 
10-39 
10-20 
13-20 
8-05 


H,, 
c.c. 


12- 
12- 


6 
3 


SiH, | 


H, ‘ 





Si,H, 


1-48 
1-46 
1-47 
1-44 
1-48 
1-46 


Si,H, 
0-03 
0-043 
0-068 
0-110 
0-018 
nil 


Fic. 2. 
Graphs illustrating the effect of added hydrogen on the pyrolysis of disilane at 332°. 
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Approximately 70% of the reaction is completed in 70 minutes. 


From the above analytical data, the decomposition in the presence of excess of hydrogen 
may be represented by the equation ° 


SiH, = SiH, + H, + Si 
l mol. 1-46 mols. 0-06 mol. 0-54 mol. 


In the simple decomposition it will be remembered that 1 mol. of disilane decomposed to give 
only 1-12 mols. of monosilane. 

‘The effect of packing. Packing the reaction vessel so as to give a five-fold increase in the 
silicon-coated glass surface was studied in the usual manner in a series of experiments at 332°. 
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The following results showed that a slight retardation of the reaction was produced: & is the 
unimolecular constant. 
B. Cc. D. 
23-1 34-0 23-4 
k, unpacked 0-0260 0-0254 0-0247 
k, packed 0-0151 0-0158 0-0159 0-0153 


Packing increases the half value period from 35 to 46 minutes, although this is not a very 
reliable indication of the effect, because of the variable induction period. The effect, although 
small in proportion to the increase in surface area, is clearly opposite to that which would be 
expected for a simple heterogeneous reaction, and this is regarded as evidence that we are 
dealing here with a chain reaction (see also p. 1029). 

The effect of the addition of ethylene. The object of studying the effect of ethylene on this 
reaction was to determine if any polymerisation of the hydrocarbon took place. Taylor and 
Jones have shown (J. Amer. Chem. Soc., 1930, 52, 1111) that the free radicals produced by the 
thermal decomposition of such compounds as tetramethyl-lead at 250° will initiate a polymeris- 
ation reaction in ethylene and ethylene—hydrogen mixtures. Comparable observations in the 
case of the pyrolysis of disilane would, it was thought, afford some evidence of the transient 
existence of free silyl radicals in the reaction. This point lends itself to experimental study 
because disilane may be pyrolysed at a temperature well below that at which ethylene itself 
undergoes change. Experiments on a mixture of disilane and ethylene in various proportions 
showed that polymerisation did occur. In this case, pressure change cannot be used as a 
measure of the amount of the reaction, since there is first an increase in pressure and then a 
decrease. The uncertainty of the interpretation of the pressure change thus prevents a study 
of the effect of ethylene on the kinetics of the reaction, and the main conclusions have to be 
drawn from analytical data. 

The mixture to be analysed at the end of a pyrolysis run in presence of ethylene may contain 
hydrogen, monosilane, ethylene, and ethane. Analyses were carried out by first immersing 
the reaction bulb in liquid nitrogen, at least 30 minutes being allowed for condensable material 
to separate from the hydrogen atmosphere. Hydrogen was then pumped off and measured. 
The residual gas was all volatile at — 140°, and thus presumably did not contain hydrocarbons 
other than ethane and ethylene. It was shaken with 40% sodium hydroxide solution to de- 
compose monosilane, and the hydrogen produced pumped off and measured. The residual 
gas was measured, shaken with bromine-water followed by alkali, and the contraction noted. 
The undecomposed gas was allowed to accumulate from several runs, and finally identified 
tensimetrically as ethane. 

Analytical data obtained in a series of experiments at 332° are shown in Table IV. 


TABLE IV. 
Effect of ethylene on the pyrolysis of disilane. 


, Total Products (c.c.). 
C,H, SisHe, pressure, - A » Calc. compn. 
cc. 6 Cal cm. =. wt Cm. CH. of solid. 
10-4 2-33 416 22-6 2-9 nil CH eSis-se 
8-6 2-33 34-6 19-1 5 nil CHo Slee 
7-3 2-33 29-2 19-1 ‘85 nil ; Ci oMloes 
15-73 0-626 —-296 8-60 9 7-2 Cl Minas 
23-8 0-496 42-15 10-1 3 6-7 ron” sat tr 
2 i 
4 
2 





20-3 0-496 36-22 8-64 5-75 ; Gi allies 
33-7 0-247 81-75 7-00 21-73 Cie adlllares 
27-0 0-247 = 41-52 5-72 17-5 li 

From these data it will be seen that very little hydrogen is produced in the reaction, particu- 
larly when the ethylene is in excess. The amount of monosilane in the gaseous product is 
also considerably less than in the direct pyrolysis. The mean yield, when there is an excess 
of ethylene, is only 0-85 mol. of monosilane per mol. of disilane decomposed. 

Approximately 1-5 mols. of ethylene per mol. of disilane is the maximum that may be 
decomposed under the conditions of these experiments; of this, about one-third appears as 
ethane, so the amount of ethylene polymerised is approximately equal to the amount of disilane 
decomposed. This is to be contrasted with the 6—7 mols. of ethylene polymerised by every 
methyl radical in the experiments of Taylor and Jones (Joc. cit.). The hydrogen which normally 
appears in the pyrolysis of disilane is partly used up in the reduction of ethylene to ethane. 
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It was shown by suitable blank experiments that this cannot occur as a heterogeneous reaction 
on a silicon surface at the temperature used. 

The composition of the solid deposit may be calculated from the deficit of products found 
in the gaseous phase. This has been done in the last column of Table IV, and it is seen that, 
as the amount of ethylene is increased, the limiting composition of the solid approximates to 
C,SiH,;. The grey-black film formed in the simple pyrolysis is entirely absent, but instead, a 
yellow to red resinous material appears. This solid is insoluble in water and organic solvents, 
but is decomposed by strong alkali, with the evolution of some hydrogen. It is believed that 
the silyl radicals initiating the polymerisation are actually incorporated in the polymer, but it 
could not be shown definitely that the solid was homogeneous. 

The effect of ethylene and hydrogen. Since the presence of ethylene caused less hydrogen to 
appear in the decomposition products, it was of interest to examine the effect of the addition of 
hydrogen to the reaction mixture, as was done by Taylor and Jones. Mixtures containing a 
fairly large excess of hydrogen were prepared, and pyrolysed in a 250-c.c. bulb. Analyses were 
carried out as before, and it was found that, not only was no hydrogen produced as a result of 
the disilane decomposition, but a small amount of the added hydrogen disappeared. The 
amount of ethane found was increased considerably, as in the experiments of Taylor and Jones, 
and the amourt of polymer deposited was less. The analytical results are summarised below : 


The Effect of Hydrogen and Ethylene on the Pyrolysis of Disilane at 332°. 


Total Products (c.c.). 
Si,Hg, C.H,, H,, pressure, , A _ Compn. of 

c.c. 6.2L. c.c. cm. Hy. SiH,. C,Hy. C,H. solid. 

7-54 16-25 31-3 24-15 30-7 7-70 7-40 6-20  C,yHy.sSig-g 

5-10 11-06 21-3 16-40 20-1 5-42 5-23 4-40 C,H;.sSis.3 

7-65 16-50 31-6 24-45 29-9 7:83 7-62 6-45 CyHy.,Sis-o7 

5-42 11-70 22-4 17-35 21-4 5-60 5-27 4-80 Ciedllee 

Since in all these experiments there is an excess of ethylene over disilane, if the hydrogen 
had no effect, we should expect as before, approximately one mol. of ethylene polymerised per 
mol. of disilane decomposed. Instead only about 0-3 mol. is polymerised, whereas the amount 
of ethane increases from 0-46 to about 0-86 mol. per mol. of disilane decomposed. At the same 
time the amount of monosilane is increased from 0-85 mol. per mol. of disilane decomposed in the 
case of disilane and ethylene to 1-03 in the case of disilane, ethylene, and hydrogen mixtures. 

The Pyrolysis of Trisilane—The temperature of incipient decomposition of trisilane was 
found to be about 300°, i.e., practically the same as for disilane. The products of the reaction 
were monosilane, hydrogen, and a solid product which was almost pure silicon. A very careful 
fractionation was carried out on the combined products of a series of experiments, in order to 
ascertain whether or not any disilane was formed. The result was entirely negative. As in 
the case of disilane, the next task was to correlate the pressure change with the amount of 
decomposition. This was done in a series of experiments carried out at 316°, in which the 
reaction was allowed to proceed for 30, 60, 90, and 120 mins. severally before condensing the 
products in liquid air. The results are shown below. 





Correlation of Trisilane decomposed with Volume Change. 
Products (c.c.). 

Time, Si,H,, ¢ A . Si,H, decomp. Vol. change 
hrs. c.c. Hy. SiH,. Si,Hg. Total Si,H, Total vol. change 

4 26-6 7-95 13-3 17-7 0-334 0-324 

1 26-8 15-0 24-1 10-7 0-600 0-596 

1} 26-6 18-3 29-3 7-4 0-723 0-743 

2 26-6 20-63 32-6 4-6 0-827 0-813 

co) 26-6 24:1 40-5 0-2 —_ — 

.The pyrolysis yields more hydrogen than in the case of disilane, one mol. of trisilane giving 
just less than one mol. of hydrogen. As more monosilane is also produced, molecule for mole- 
cule, the ratio of final to initial pressure is considerably greater in this case—2-42 as against 
1-47 for disilane. The net reaction may be represented as 


1 mol. 1-53 mols. 0-90 mol. 1-47 mols. 


It will be seen that all the hydrogen is accounted for in the gaseous phase. The detailed analyses 
are given on the following page. 
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Pyrolysis of Trisilane at a Silicon-coated Surface. 

Initial Initial Products (c.c.). 

vol., pressure, ¢ oan . A A 
C.C. cm. H,. SiH,. i Si,;H, 
34-2 14-80 30-10 52-7 ° 0-880 
19-7 8-55 18-05 30-2 ° 0-915 
16-8 7-30 15-30 25-8 ° 0-910 
33-0 14-50 29-20 51-0 0-885 
18-75 8-31 17-20 29-15 ° 0-917 
17-95 7-87 16-00 27-6 ° 0-891 
29-6 13-15 26-7 44-2 “ 0-904 
18-25 8-10 16-10 27-9 ° 0-882 
16-50 7-30 15-30 24-7 ° 0-927 


Fic. 3. 
Graphs illustrating the unimolecular character of the decomposition of trisilane. 


1-00 






































Time (mins.). 


” » :©7-87, el4-5. 
“ » : 0855, 014-8. 
” » : 06-05, ° 83. 
" e :9 7-15, ° 8] 


Kinetics of the pyrolysis. The reaction was again studied by means of the change in pressure, 
and proved to be unimolecular, although the retardation towards the end was a little more pro- 
nounced than in the case of disilane. This was attributed to the greater proportion of hydrogen 
produced. As in the case of disilane, reaction rates were quite reproducible when measure- 
ments were made with a silicon film in the bulb. An induction period was again present, but 
was less than for the case of disilane. The velocity constants given below show that the re- 
action is a little more rapid than the decomposition of disilane at corresponding temperatures. 
This small difference is sufficient to make it unnecessary to investigate the reaction above 350°. 
Below this temperature the possibility of the decomposition of any monosilane is excluded. The 
logarithmic curves for the decomposition are given in Fig. 3. Attempts to fit the data to an 
expression for any other order were unsuccessful. 


Velocity constant for the decomposition of trisilane. 


576 589 600 609 623 
0-00667 0-0154 0-0297 0-0460 0-1150 


From the data for the velocity constant, the energy of activation was found to be 43,000 cals, 
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The effect of hydrogen on the pyrolysis of trisilane. The effect of hydrogen was examined, 
exactly as for disilane. The proportion of monosilane in the reaction products is increased by 
the presence of hydrogen. From the analytical data given below, the limiting value appears to 
be 2 vols. of monosilane per mol. of trisilane; even with a large excess of hydrogen this value 
is not exceeded. Again the solid deposit is almost pure silicon, over 99% of the hydrogen 
appearing in the gaseous phase as such and as monosilane. 


Pyrolysis of hydrogen plus trisilane. 


Products (c.c.). 
Initl. Si,;H, | Si,H,, H,, Initial rc A . SiH, . H, produced, 
H, C4. CL. pressure. H,. SiH,. Si,;H, Si,H, 
0-288 15-0 51-0 29-50 56-4 27-2 1-83 0-36 
0-288 8-05 27-9 15-70 30-3 14-75 1-83 0-30 
0-288 15-95 55-55 31-30 60-85 29-30 1-84 0-33 
0-288 8-49 29-4 16-65 32-0 15-95 1-89 0-31 
0-167 13-5 80-83 41-15 81-1 26-00 1-93 0-02 
0-167 7-99 47-91 24-50 48-05 15-80 1-975 0-018 
0-111 9-43 84-87 41-15 85-00 18-70 1-98 0-014 





The effect of ethylene. Experiments were carried out, as in the case of disilane, in which an 
excess of ethylene was added to the reactant. It was found that polymerisation of the ethylene 
again took place. The products of the reaction were essentially the same as in the previous 
case, and analyses were performed in the same manner. The results are tabulated below. 


Effect of ethylene on the pyrolysis of trisilane. 


' Total Products (c.c.). 

Si,H,, C,H,, SisH,— presture, - “ » Calc. compn. 
Cc. CC. C,H, cm. H,. SiH,. C,H,. C,H,g. of solid. 

16-50 © 42-00 0-392 25-70 2°15 21-0 10:00 =: 108 C,Siy-s4H 5-12 

9-12 23-18 0-392 14-20 1-26 11-33 5-65 5:8 CySiy-s7H 5-16 

8-78 58-50 0-150 29-49 0-70 10-70 40-95 5-45 C, Si, -epH 5-0, 





Examination of these data shows that the ratio of monosilane to trisilane in the products is 
lowered to 1-25 (1-53 in simple pyrolysis). The amount of ethylene polymerised is 1-33 mols. 
per mol. of trisilane decomposed, as against about 1-00 per mol. of disilane. The ethane pro- 
duced is 0-62 mol. compared with 0-45 for disilane. The solid product is, however, not very 
different from that formed in the case of disilane, although the silicon content is rather higher. 


DISCUSSION. 


Probably the most satisfactory basis for the discussion of the mechanism of the pyro- 
lysis of disilane is that provided by analogy with the case of ethane. The decomposition 
of ethane at about 580—620° is, in its initial stages at least, a homogeneous reaction of the 
first order. There are undoubtedly secondary reactions, however, and Travers has recently 
suggested that the initial stage of the reaction is heterogeneous (Faraday Society Discus- 
sion on Hydrocarbon Chemistry, 1939). The mechanism suggested by Rice, and by Rice 
and Herzfeld (J. Amer. Chem. Soc., 1931, 58, 1959; 1934, 56, 284) for the decomposition 
of ethane involves an initial dissociation into two methyl radicals, followed by a chain 
reaction in which the essential chain carrier is atomic hydrogen. If a similar series of 
reactions is written for disilane, the following represents the main chain : 


SiH, =2SiH, . . . 

SiH, + Si,H, = SiH, + SiH; . 
SiH, =SiH,+H . 
H + Si,H, = Si,H; + H, 


Chain termination would then occur by interaction of the radicals concerned, or by their 
reaction with atomic hydrogen. The energy of activation of these reactions is at present 
unknown. It is also necessary to postulate that silicoethylene partly decomposes into 
silicon and hydrogen (with possibly some monosilane), and is to a smaller extent polymerised 
to (SiH,),, which is stable thermally up to 380° (Schwartz and Heinrich, Z. anorg. Chem., 
1935, 221, 272). The fact that the reaction is retarded somewhat by packing accords with 
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such a chain mechanism. The observed effect of hydrogen in eliminating the induction 
period in the pyrolysis can be accounted for by supposing that the reaction 


Si, +H, =SiH,+H ... cunt ns salen 


occurs, as is indicated by the increased yield of monosilane when hen reaction is carried out 
in the presence of added hydrogen. This reaction is probably somewhat endothermic. 
In the early stages of the simple decomposition, the concentration of hydrogen is very 
small, and the whole chain reaction may depend on such a reaction as the above if inter- 
action between a silyl radical and disilane does not occur readily. 

During the later stages the apparent retardation of the reaction by hydrogen may be 
due to its reaction with SiH or SiH, radicals, to form monosilane. This is in accordance 
with the retardation found by Hogness, Johnson, and Wilson (Joc. cit.) in the pyrolysis of 
monosilane. 

No higher hydrides could be detected in the products of the reaction at any stage, so 
it would appear that the interaction of radicals to form larger molecules is not an important 
factor in the reaction. 

If the decomposition of disilane occurred according to the mechanism proposed by 
Kassel and Storch (J. Amer. Chem. Soc., 1937, 59, 1245) for ethane, viz., 

Sees ea. a & 
SA, + Shia eS le ae 
Si,.H,, =SiH, +Si,xH, - - - - ~~ ~~ (8) 


it would be difficult to explain the effect of hydrogen in removing the induction period. 
Also, it would imply a rather greater stability of silicoethylene than is indicated by the 
many failures to prepare this substance. 

The polymerisation of ethylene, due to the decomposition of disilane, would appear to 
be a genuine example of induced polymerisation, and to be parallel to that observed with 
ethylene in the presence of methyl radicals from metal alkyls (Taylor and Jones, loc. cit.). 
In the case of the metal alkyl, however, 12 molecules of ethylene were polymerised for 
every molecule of metal alkyl decomposed, whereas in the case of disilane, the number is 
approximately unity. It would appear, therefore, that some of the other possible reactions 
of the silyl radicals are more favoured than that with ethylene. That silicon-containing 
radicals rather than hydrogen atoms are responsible for the polymerisation is indicated by 
the fact that considerably more silicon goes into the solid state, and less appears as mono- 
silane. The silicon seems to be definitely combined in the polymer. 

The effect of nitric oxide on the rate of the reaction, and the effect of lowering the 
initial pressure to less than 5 cm., are other points which are being investigated. The 
mechanism of the pyrolysis of trisilane is uncertain, and in view of the many possible steps, 
for none of which energies of activation are known, the formulation of a complete reaction 
scheme would be purely tentative. Certain inferences may, however, be drawn. The 
removal of the induction period and the enhanced yield of monosilane when the reaction 
is carried out in an excess of hydrogen indicate that silyl radicals again play an important 
part in the mechanism. The fact that the decomposition of 1 mol. of trisilane leads to 
the production of 1-3 mols. of polymer, as compared with approximately one in the case of 
disilane, indicates that more active radicals are produced from trisilane than from disilane, 
as might be anticipated. The fact that the maximum yield of monosilane when the 
reaction is carried out in excess of hydrogen is almost exactly 2 mols. per mol. of trisilane 
suggests that the reaction 

Si,H, = 2SiH, + SiH, 
may occur, the silyl radicals being hydrogenated to monosilane, and the silylene radical 
being dehydrogenated. 
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Dixon Fund of the University of London, and from Imperial Chemical Industries Ltd. 
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221. Miro-Resin. Part I. Ferruginol. 
By C. W. Branpt and L. G. NEUBAUER. 


Ferruginol, a diterpenic resinol (Cg9H3,O) isolated from the resin of Podocarpus 
ferrugineus, has been shown to be tricyclic and to possess three ethylenic linkages 
present in a phenolic nucleus. Catalytic hydrogenation gave the saturated hydro- 
carbon ferruginane (CygH 3), which on selenium dehydrogenation afforded retene. 
Dehydrogenation of ferruginol yielded mainly a vetenol together with lesser amounts 
of pimanthrene. The retenol is identical with one obtained by other workers from 
hinokiol, and described by them as a retene-carbinol. Evidence has now been brought 
forward to show that this retenol is phenolic, with the hydroxyl group residing at 
position 8. Provisional formule for ferruginol and ferruginane are suggested. 


THE Miro tree (Podocarpus ferrugineus), endemic to New Zealand, slowly bleeds a soft 
sticky resin after incision of the bark. The resin, which was briefly examined by Easterfield 
(Trans. N.Z. Inst., 1910, 43, 53), has now been examined in some detail and the chemistry 
of its main constituent, a new diterpenic resinol, is described. 

The crude resin, after removal of the steam-volatile oils and a proportion of resin 
acid, and fractional distillation under diminished pressure, yielded approximately 70% 
of a homogeneous, pale lemon, glassy resinol, b. p. 175°/0-3 mm., [«]}® + 40-6°, for which 
the name ferruginol is proposed. Analyses and molecular-weight determinations of the 
resinol and of several well-defined crystalline derivatives showed that the resinol has 
the formula C,)H,,O and contains one hydroxyl group. It formed a formate, an acetate, 
a benzoate, and a non-crystalline methyl ether. 

On treatment with phthalic anhydride at temperatures up to 230° ferruginol failed 
to yield an acid phthalate. Attempts to split out the hydroxyl group with phosphoric 
oxide, potassium bisulphate, formic acid or dilute sulphuric acid were unsuccessful. The 
slight but distinct solubility of ferruginol in aqueous sodium hydroxide suggested the 
presence of a phenolic group, also indicated by the formation of deep red and green 
colorations with diazotised sulphanilic acid and ferric chloride respectively. The xantho- 
proteic reaction indicated the presence of a benzenoid ring. 

The unsaturated nature of ferruginol was also shown by the production of an intense 
brownish-yellow coloration with tetranitromethane in chloroform solution and by the 
rapid absorption of bromine in carbon tetrachloride solution. Neutral permanganate in 
acetone solution was slowly decolorised. Treatment in ethereal solution with dry hydrogen 
chloride or bromine at low temperatures failed to yield crystalline derivatives of ferruginol. 
The resinol, its methyl ether, and the supercooled acetate were sufficiently fluid at 60° 
to permit the determination of the refractive indices and densities by the usual methods ; 
in all cases the molecular refractivities indicated that the resinol possesses three ethylenic 
linkages. Quantitative determinations of unsaturation with perbenzoic acid (Hibburt 
and Burt, J. Amer. Chem. Soc., 1935, 47, 2240) consistently agreed with the presence of 
three unsaturated linkages ; iodine values indicated two, and bromine values (Reindel 
and Niederlander, Annalen, 1929, 475, 147) two, three, and four such linkages according 
to the conditions of the reaction. The resinol was rather resistant to catalytic hydrogen- 
ation; hydrogen equivalent to no more than one ethylenic linkage was absorbed when the 
resinol was shaken in ethyl acetate solution with hydrogen in the presence of Adams’s 
platinum oxide catalyst or palladium-charcoal of proven activity. The product was not 
homogeneous, since a considerable proportion of ferruginyl acetate was obtained upon 
acetylation, When hydrogenated in acetic acid solution, ferruginol slowly took up four 
molecules of hydrogen in the presence of Adams’s catalyst. The hydrogenation was accom- 
panied by elimination of the hydroxyl group and the formation of a saturated liquid hydro- 
carbon, ferruginane, Cy9H3. The same hydrocarbon was obtained with similar difficulty 
when ferruginyl acetate was hydrogenated in acetic acid solution. No condensation 
product could be isolated when ferruginol was heated with maleic anhydride, and reduction 
could not be effected with sodium in either ethyl or amyl alcohol. It is concluded that 
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ferruginol possesses three ethylenic linkages, present in a phenolic group. The ferruginol 
molecule is thus tricyclic. The absorption spectrum of ferruginyl acetate in cyclohexane 
shows a maximum at 2775 A., a fact which is consistent with the presence of a benzenoid 
ring. It is of interest that the unsaturated linkages in the phenolic group of cestrone can 
be reduced catalytically only in acidic solvents, and that the absorption curve recorded 
for ferruginol is very similar in form to that of cestrone in the same wave-length region. 

Dehydrogenation of ferruginol with selenium for 28—30 hours at various temperatures 
gave high yields of crystalline phenanthrene derivatives. When the reaction was con- 
ducted mainly at 320—340°, the product consisted of approximately 30% of pimanthrene 
and 70% of a phenol, C,,H,,0, m. p. 178°. When the temperature was maintained at 275— 
285° during the initial 24 hours and at 320—340° for a final four hours, the phenol only 
was obtained. Samples of ferruginane, obtained by hydrogenation of both the resinol 
and its acetate, were dehydrogenated with selenium at 280—345° for 27 hours. Both 
experiments furnished retene in approximately 70% yields. 

The phenol C,,H,,0 formed a picrate, m. p. 176—177°, a styphnate, m. p. 172°, and an 
acetate, m. p. 90—91°. The last furnished an acetoxy-quinone, m. p. 188—189°, which on 


CH,°OH Me 
“YS ae 


(.) 
(a.) VV Over vy om CH,-OH 


hydrolysis gave a quinone, m. p. 285° (decomp.). ately of the phenol with methyl 
sulphate failed to yield a methyl ether. When distilled in hydrogen over hot zinc dust, 
the phenol yielded 1-methylphenanthrene and pimanthrene, but under no conditions was 
retene or any other hydrocarbon of formula C,,H,,, which would be expected to result 
from the dehydroxylation of the phenol, obtained. 

Four different hydroxyretenes have been recorded previously; of these, the melting 
points of 2- and 6-retenol and their derivatives (Komppa and Wahlforss, J. Amer. Chem. 
Soc., 1930, 52, 5009; Fieser and Young, ibid., 1931, 53, 4120) show them to be different 
from the product obtained from ferruginol. Identity with 9-retenol, m. p. 176° (Fieser 
and Young, loc. cit.), or the unrecorded 10-retenol is Ck eth because the unknown phenol 


¢ 
Y Wan AN 
W/\4 \ 
“. “be Ie CHMe, Ok CHMe, 


(I1.) 


By RY ~ 


oN/N\ 
<— P ae —_ Creout 
Av OU: oH 
\CHMe, 
4 
(III.) 


yields a hydroxy-quinone. The fourth hydroxyretene, m. p. 176—177° (picrate, m. p. 
176—177°; acetate, m. p. 94°; quinone, m. p. 190—191°; methyl ether, m. p. 82°), is one 
obtained by Keimatsu and Ishiguro by the dehydrogenation of hinokiol, a resinol from 
Chamoecyparis obtusa (J. Pharm. Soc. Japan, 1935, 55, 186). These workers proposed 
the alternative structures (a) and (b) for this substance. Professor Keimatsu has kindly 
supplied us with a sample of the product from hinokiol. It possessed phenolic properties 
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similar to those of our product and mixed melting-point determinations of the two phenols 
and of their picrates (similar melting points, respectively) showed no depressions. It is 
concluded that the substances are identical and that the derivative described as a quinone 
in the Japanese publication was actually an acetoxy-quinone. 

The hydroxyl group cannot be in position 1 or 7, since it has been shown that these 
are already substituted by the formation of pimanthrene on zinc dust distillation ; positions 
2, 6,9, and 10 have already been excluded. The quinone gave a red ester with boracetic 
anhydride (Dimroth, Ber., 1921, 54,3020; Annalen, 1926, 445, 97, 123), which would fix the 
hydroxyl group at position 8, since according to this test hydroxy-quinones yield coloured 
boracetic esters only when the hydroxyl group is ortho to one of the carbonyl groups. 
The quinone failed to give the reversible colour reaction of Fieser and Young (loc. cit., 
p. 4126) and thus positions 2, 4, 5, and 7 are excluded according to this test also; doubt, 
however, has been raised as to the general applicability of this reaction (Short and Strom- 
berg, J., 1937, 516). 

Further evidence in respect to the position of the hydroxyl group was sought by the 
oxidation of the retenol with potassium ferricyanide. It was expected that a structure 
similar to (a) or (b) would result in the formation of phenanthrene-1 : 7-dicarboxylic acid, 
but that a structure such as (III) might yield a hydroxy-acid or undergo ring fission. 
Keimatsu and co-workers have reported the oxidation of this phenol to phenanthrene- 
1 : 7-dicarboxylic acid (J. Pharm. Soc. Japan, 1936, 56, 588), but we were unable to confirm 
this result. The oxidation provided naphthalene-l : 5 : 6-tricarboxylic acid in good yield 
and the hydroxyl group has therefore been placed provisionally at position 8. 

It is suggested that the formation of pimanthrene in addition to the retenol on the 
dehydrogenation of ferruginol is due to removal of the hydroxyl group together with a 
portion of the adjacent isopropyl side chain. Such a reaction would be in agreement with 
the presence of an aromatic system in ring III of the ferruginol molecule, for in that case 
no nuclear hydrogen would be available for removal with the hydroxyl group during de- 
hydrogenation. It is also probable that the influence of the hydroxyl group on the iso- 
propyl side chain is again apparent in the zinc dust degradation of the retenol, where the 
formation of pimanthrene and 1-methylphenanthrene represents successive stages in the 
splitting out of this side chain. 

It is concluded that eighteen of the carbon atoms in both ferruginol (I) and ferruginane 
(II) are arranged as in retene. The two remaining carbon atoms have been provisionally 
placed as quaternary methyl groups by analogy with the general structure of diterpenic 
compounds related to phenanthrene. 


EXPERIMENTAL. 


Ferruginol.—The crude material (500 g. of a dark brown semi-solid resin) was collected 
during several months by bleeding from V-shaped grooves cut in the bark of a number of Miro 
trees. On steam distillation the resin yielded 20% of volatile oil, which on fractional dis- 
tillation gave 90% of a-pinene, [«]}** + 10-4°, identified by the mixed m. p.’s of the nitroso- 
chloride and the nitrolpiperide and the preparation of camphene by treatment with dry 
hydrogen chloride. The remaining 10% of the oil consisted of a terpene having physical con- 
stants similar to those of B-pinene. The residual solid resin (395 g.) was dissolved in ether and 
filtered to remove wood particles and other foreign matter. Extraction of the ethereal solution 
with aqueous ammonium carbonate and sodium carbonate yielded only traces of acidic material, 
but a blue amorphous solid appeared at the junction of the liquids and was removed by filtration 
(5 g. )i ; it was not further examined. Extraction with 4% sodium hydroxide solution yielded 
a resin acid (19 g.), an account of which will appear in a later paper. The ethereal solution, 
after washing and drying, yielded a brown vitreous resin (366 g.), which, when distilled in six 
portions at 0-4 mm. pressure, gave the following fractions (all distillations from oil or metal 
baths) : (1) 110—175°, 23-4 g. of a pale yellow oil; (2) 175—180°, 90-6 g. of a pale semi-solid 
resin; (3) 180—184°, 126-6 g. of a pale vitreous resin; (4) 185—200°, 89-4 g. of a light brown 
resin; residue, 33-0 g. of a dark brown resin. Systematic redistillation of fractions (2), (3), 
and (4) gave 212 g. of a pale amber-coloured vitreous resin. This substance, ferruginol, a age 
constantly at 175°/0-3 mm. and had [aj + 40-6° (in 14% ethyl-alcoholic solution) ; 
1-008, nf" 1-5346, hence [Rz]p = 88-4 (calc. for C.»H,,O]s, 88-1) [Found : C, 83-4, 83-8, Be 5; 

3Y 
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H, 10-6, 10-7, 10-6; M (cryoscopic in benzene), 282. C,,.H,,O requires C, 83-8; H, 10-6%; 
M, 286]. With perbenzoic acid, ferruginol absorbed oxygen equivalent to 3-1 and 3-2 ethylenic 
linkages. Iodine values indicated 1-7, 1-8, 2-3, and 2-3 such linkages according to the conditions 
of the determination. 

Tests for phenolic properties. (1) Ferruginol (0-2 g.) in xylene (10 c.c.) was shaken succes- 
sively with 10 c.c. portions of sodium hydroxide solutions varying in concentration from 0-5 
to 15%. The filtered extracts, when acidified, all gave white, more or less flocculent, pre- 
cipitates varying from a slight opalescence in the case of the 0-5% extract to a moderately 
large rapidly flocculating precipitate from the 15% extract. These precipitates were insoluble 
in sodium carbonate solution, but dissolved readily in excess of sodium hydroxide solution. 
(2) Ferruginol gave a permanent brownish-green coloration with alcoholic ferric chloride. (3) 
The resinol in aqueous-alcoholic sodium hydroxide solution gave a deep red coloration on addi- 
tion of diazotised sulphanilic acid. 

Xanthoproteic reaction. Ferruginol or its acetate, when treated with warm concentrated 
nitric acid, became yellow and partly dissolved; diluticn with water then produced yellow 
precipitates. The solutions and the precipitates changed to a deep orange colour when 
neutralised with ammonia, 

Ferruginyl formate. Ferruginol (5-4 g.) was refluxed for 24 hours with excess of formic acid 
containing two drops of sulphuric acid; the mixture was poured into water and neutralised 
with sodium carbonate. Ether extracted a resinous product (5-5 g.), which was shown by 
saponification to contain 45% of the ester. The crude ester was distilled at 0-3 mm.: (1) 
170°, 1-3 g.; (2) 170°, 1-3 g.; (3) 170—175°, 1-0 g. All the fractions were crystalline. The 
formate, crystallised from methyl alcohol and finally from light petroleum, formed white 
needles, m. p. 96—97° (Found: C, 79-8, 80-1; H, 9-7, 9-7; saponification equiv., 310. 
C,,H 90, xequires C, 80-2; H, 96%; saponification equiv., 314). 

Ferruginyl acetate. A mixture of ferruginol (3 g.), acetic anhydride (10 c.c.), and fused 
sodium acetate (1-75 g.) was refluxed for 1} hours. After cooling, the mixture was poured 
into water, heated on the water-bath, and extracted with ether. The extract, after washing 
and drying, yielded a viscous yellow product (3-2 g.), which soon crystallised. The acetate, 
after distillation (b. p. 165°/0-4 mm.) and crystallisation from methyl alcohol and finally from 
light petroleum, formed white needles, m. p. 81—82° [Found: C, 80-4, 80-5, 80-5, 80-3; H, 
9-8, 9-9, 9-9, 9-8; saponification equiv., 333; M (cryoscopic in benzene), 323. C,,H 3,0, 
requires C, 80-4; H, 98%; M, 328]. [x]}@° + 60-3° (10% solution in alcohol); d{* 1-013, 
nS; 1-5186 (determined on the super-cooled ester); hence [Rz]p = 98-3 (calc. for C,,H,,0,|s, 
97-3). 

The curve for a part of the absorption spectrum of ferruginy]l acetate in cyclohexane solution 
is shown in Fig. 1. Examinations of absorption spectra recorded in this paper were carried out 
by Mr. S. H. Wilson, Dominion Laboratory, New Zealand. 

Ferruginyl benzoate. Ferruginol (5-9 g.) in pyridine (25 c.c.) was cooled in ice, and benzoyl 
chloride (3-5 c.c.) slowly added with shaking. After standing at room temperature for 12 hours, 
the mixture was heated on the water-bath (2 hours), washed until it was neutral, and extracted 
with ether. The oily crystalline product (7-4 g.) was crystallised from light petroleum (yield, 
6-0 g.; ca. 75%). Further recrystallisation gave white needles, m. p. 154—155° (Found: C, 
82-8, 83:3; H, 8-8, 8-9; saponification equiv., 394. C,,H,,O, requires C, 83-1; H, 88%; 
saponification equiv., 391). When the Schotten—Baumann method was used, a yield of 
approximately 50% of the benzoate was obtained. 

Ferruginyl methyl ether. When ferruginol, either suspended in 2N-sodium hydroxide or 
dissolved in 90% alcohol, was treated with methyl sulphate, the products obtained had meth- 
oxyl contents equivalent to 18% and 50% respectively of ferruginyl methyl ether. An almost 
theoretical yield was obtained when ferruginol (4-7 g.) was ground with anhydrous potassium 
carbonate (3-4 g.) and refluxed (4 hours) in xylene with methyl sulphate (3 c.c., added in small 
portions) (Haworth and Lapworth, J., 1930, 2166). The liquid was filtered and washed, and 
the xylene removed under diminished pressure. The residual soft amber-coloured resin (4-9 
g.) contained 10-3% of methoxyl. It could not be crystallised and was distilled at 0-3 mm. : 
(1) 163—166°, 2-1 g.; (2) 166°, 1-9 g.; (3) 166—167°, 0-3 g. Fractions (1) and (2) were pale- 
coloured semi-solid resins. Fraction (2) had d%° 0-9868, n$* 1-5290; hence [R;]p = 93-9 
(calc. for C,,H,,O/3, 92-9) (Found: C, 83-4, 83-3; H, 10-4, 10-4; OMe, 10-3. C,,H;,0 
requires C, 83-9; H, 10-7; OMe, 10-3%). 

Catalytic Hydrogenation.—(i) Ferruginol in ethyl acetate. When hydrogenated in ethyl acetate 
solution in the presence of Adams’s platinum oxide catalyst, ferruginol (1-3 g.) absorbed hydrogen 
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equivalent to one ethylenic linkage (4 hours). No further reduction could be effected after 
distillation of the semi-solid resinous product. Experiments in the same solvent at 60°, with 
hydrogen at 3 atms., gave similar results. When 10% palladium-—charcoal catalyst was used 
under the same conditions, only 4 molecule of hydrogen was absorbed. Although analyses and 
the molecular refraction of the apparent dihydro-product were in agreement with the formula 
CyoH,0|%, the product was not homogeneous, since acetylation provided a 40% yield of 
ferruginyl acetate. 

(ii) Ferruginol in acetic acid. Ferruginol (8 g.) and Adams’s catalyst (0-12 g.) in acetic 
acid (90 c.c.) were shaken with hydrogen at 3 atms.; 500 c.c. were absorbed during 8 hours 
and after reactivation with oxygen and several additions of fresh catalyst a further 75 c.c. 
were slowly absorbed. The solution was filtered and poured into water. After neutralisation 
with sodium carbonate and extraction with ether, a pale amber, semi-solid, still highly un- 
saturated resin (7-8 g.) was obtained. This was distilled under diminished pressure and again 


Fie. 1. Fic. 2. 
Ferruginyl acetate in cyclohexane. Retenol in cyclohexane. 
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reduced in acetic acid solution. After these processes of reduction and distillation had been 
repeated six times, approximately 2500 c.c. of hydrogen had been absorbed during 61 hours, 
The product was a colourless limpid oil (3 g.) which was saturated to brgmine in carbon tetra- 
chloride and gave only a very faint coloration with tetranitromethane in chloroform. Fractional 
distillation of the oil gave ferruginane (1-2 g.), b. p. 189—140°/0-3 mm., [a]}®* + 34-7° (5% 
solution in ethyl alcohol) (Found: C, 87-0, 86-9, 86-8; H, 13-1, 13-0, 13-2. Cy 9H , requires 
C, 86-9; H, 13-1%); dj" 0-9350, n° 1-5077, hence [R;]p = 88-1 (calc. for C.gHy¢|0, 88-0). 
Dehydrogenation of Ferruginol with Selenium.—(i) Ferruginol (24 g.) was heated with 
selenium (24 g.) at 280—320° for 2 hours, at 320—340° for 27 hours, and at 350° for 1 hour. 
Extraction of the cooled mixture with ether yielded a light brown, crystalline mass (21-4 g.), 
which was distilled at 0-4 mm.: (1) 140—162°, 0-9 g. of a light brown oil containing traces of 
crystals, (2) 163—174°, 2-3 g. of light brown crystals, (3) 175—205°, 15 g. of crystals. Fraction 
(2) was recrystallised from alcohol, giving white platelets, m. p. 85—86°, of pimanthrene 
(Found : C, 93-3, 93-1; H, 6-9, 6-8. Calc. for C,,H,,: C, 93-2; H, 6-8%). Its picrate, m. p. 
130° (Found: C, 60-5; H, 4:0. Calc.: C, 60-7; H, 3-9%), and styphnate, m. p. 159°, both 
formed yellow needles from alcohol, and all three substances showed no depression in m. p. 
in admixture with authentic specimens. Fraction (3) was recrystallised from alcohol and 
finally from benzene, giving white needles, m. p. 178—179° (Found: C, 86-3, 86-5, 86-5, 86-1; 
H, 7-2, 7°3, 7-4, 7:3. CygH,,O requires C, 86-4; H, 7:-2%). This retenol was moderately readily 
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soluble in caustic alkali solution but insoluble in alkali carbonate solution; it gave a permanent 
green coloration with alcoholic ferric chloride, and a deep red coloration with diazotised 
sulphanilic acid in aqueous-alcoholic sodium hydroxide. 

A portion of the absorption spectrum of the retenol in cyclohexane solution is shown in Fig. 
2. 

(ii) Ferruginol (19 g.) was heated with selenium (20 g.) at 275—285° for 24 hours, then at 
320—330° for 2 hours, and finally at 330—340° for 2hours. Extraction of the reaction mixture 
with ether gave a crystalline product (18 g.), which was distilled at 0-3 mm.: (1) 133—150°, 
31 g.; (2) 150—160°, 1-7 g.; (3) 165—195°, 12-9 g. Fractions (1) and (2) were oils containing 
small quantities of the retenol; they failed to yield a picrate or styphnate and were not further 
examined. Fraction (3) consisted of the retenol. No other aromatic product could be isolated. 

Dehydrogenation of Ferruginane with Selenium.—Ferruginane (1-1 g., prepared by catalytic 
hydrogenation of ferruginol) was heated with selenium (2 g.) for 27 hours at 280—345°. Extrac- 
tion of the cold reaction mixture with ether gave a crystalline product (0-9 g.), which was 
distilled from sodium at 0-3 mm.: (1) 145—160°, 0-15 g. of oily crystals, (2) 160—170°, 0-65 
g. of white crystals. Fraction (2) after recrystallisation from alcohol gave white platelets 
(0-3 g.), m. p. 98°, not depressed by retene (Found: C, 92-3; H, 7-7. Calc. for C,,H,,: C, 
92-3; H, 7-7%). The picrate, m. p. 125—126° (Found: C, 62-1; H, 4-7. Calc.: C, 62-2; 
H, 46%), and the styphnate, m. p. 140°, both formed yellow needles from alcohol and their 
m. pP.’s were not depressed by authentic specimens. Fraction (1), when recrystallised, provided 
a further small quantity of retene. 

Investigation of the Retenol C,,H,,0.—(i) Derivatives. The picrate crystallised in brick-red 
needles, m. p. 176—177° [Found : C, 60-1; H, 4-5; M (titration with 0-0119n-barium hydr- 
oxide), 488, 486. C,,H,,0,C,H,O,N, requires C, 60-1; H, 4:4%; M, 480], and the styphnate 
in pale orange-red needles, m. p. 172° (Found: C, 58-2; H, 4:3. C,sH,,0,C,H,O,N, requires 
C, 58-2; H, 43%), both from alcohol. The acetate, prepared by refluxing the retenol (2 g.) 
for 1 hour with acetic anhydride (12 c.c.) and fused sodium acetate (5 g.), crystallised from alcohol 
in white needles, m. p. 90—91° (Found : C, 82-0, 82-1; H, 7-0, 7-0. Cy 9H,,O, requires C, 82-1; 
H, 6-9%). The acetate (1 g.) in glacial acetic acid (3 c.c.) was heated on the water-bath (2 
hours) with a solution of chromic acid (1-6 g.) in acetic acid (10 c.c.) and water (2.c.c.). The 
crystals which separated overnight were washed with 65% alcohol and recrystallised from methyl 
alcohol, giving orange-yellow needles, m. p. 188—189°, of the acetoxy-quinone (Found: C, 
74-3; H, 5-7. CypH,,O, requires C, 74-5; H, 56%). When this (0-3 g.) was refluxed for 
1 hour with 0-5n-alcoholic potassium hydroxide (10 c.c,) and the crystals which separated after 
acidification were recrystallised from a large volume of alcohol (sparingly soluble in the common 
solvents), minute brick-red needles, m. p. 284—285°, of the quinone were obtained (Found : 
C, 76-7; H, 6-8. C,,H,,0, requires C, 77-1; H, 5-8%). 

(ii) Dehydroxylation. The retenol (4 g.) was intimately mixed with fine zinc dust (50 g.) 
and slowly distilled in a stream of hydrogen over a 30 cm. layer of red hot pumice—zinc dust 
in a combustion tube. The condensate of yellow oily crystals (2-1 g.) was distilled at 0-3 mm. : 
(1) 150—160°, 0-8 g.; (2) 160—170°, 0-7 g.; (3) above 170°, 0-3 g. All the fractions were pale 
yellow or white crystals. Fraction (1) was recrystallised from ethyl alcohol and yielded finally 
a substance (0-1 g.), m. p. 119—120°. Fraction (2) (m. p. 95—100°) after five recrystallisations 
gave 0-1 g. of u1.changed retenol. Fraction (3) consisted almost entirely of unchanged retenol. 
All the mother-liquor residues from fraction (1) and the first two from fraction (2) were combined 
(1-0 g. of oily crystals) and distilled from sodium at 0-3 mm.: (la) 140—145°, 0-6 g.; (2a) 
145—160°, 0-2g. Fraction (la), when recrystallised from alcohol and finally from light petrol- 
eum, yielded a further quantity (0-12 g.) of the substance, m. p. 119—120° (Found: C, 93-7; 
H, 6-4. Calc. for C,,H,,: C, 93-7; H, 63%); this m. p. and that of the picrate (yellow needles 
from alcohol, m. p. 134—135°) were not depressed by authentic specimens of 1-methylphen- 
anthrene (m. p. 119—120°), and its picrate (m. p. 134—135°) respectively. The residues from 
the early mother-liquors of fraction (la) were combined; recrystallisation yielded white 
platelets of pimanthrene (0-14 g.), m. p. 85—86°, which formed a picrate, m. p. 130°, and a 
styphnate, m. p. 158—159°, both crystallising from alcohol in yellow needles. The m. p.’s 
of all three substances were unaltered in mixtures with authentic specimens. Recrystallisation 
of fraction (2a) yielded a further small quantity of pimanthrene. The first mother-liquor 
from fraction (3) yielded a substance (white platelets), m. p. 225°, which formed a picrate (brown 
needles), m. p. 173°, but the amount was too small for complete purification. 

(iii) Oxidation. The retenyl acetate (1-8 g.) was stirred at 85—90° with a solution of potas- 
sium ferricyanide (288 g.) and potassium hydroxide (21 g.) in water (400 c.c.) for 90 hours, 
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further amounts of potassium ferricyanide (115 g. and 50 g.) and of potassium hydroxide 
(21 g. and 10 g.) being added after 30 and 60 hours. The solution was cooled and filtered ; 
the residual salt mass was pressed out on the filter and extracted with ether, whereby 0-4 g. of 
the retenol was obtained. The aqueous filtrate was acidified and extracted continuously with 
ether for 4 hours. The ethereal solution was washed twice with small quantities of water 
and then dried; removal of the ether yielded an acid (1-2 g.) in minute white crystals, m. p. 
262—265°, slightly soluble in ether, moderately readily soluble in water, and easily soluble 
in methyl alcohol; after recrystallisation from methyl alcohol and washing with ether the 
m. p. was 270° [Found: C, 60-1; H, 3-5; (micro), M (titration with n/10-sodium hydroxide) 
for a tricarboxylic acid, 257. Calc. for C,,H,O,: C, 60-0; H, 3:1%; M, 260]. The acid 
(0-2 g.) was heated with calcium oxide and soda-lime, decomposition being complete at 380— 
400° after 20 minutes. The pale yellow, crystalline distillate (0-06 g.) had a naphthalene-like 
odour and after recrystallisation from alcohol formed white shining platelets, m. p. 80°, un- 
altered on admixture with naphthalene. The m. p. 147° of the picrate (lemon-yellow needles 
from acetic acid and finally from alcohol) was not depressed by naphthalene picrate (m. p. 148°). 

Preparation of Naphthalene-1 : 5 : 6-tricarboxylic Acid.—1 : 5: 6-Trimethylnaphthalene was 
prepared by the dehydrogenation, with selenium, of 5 g. of manoyl oxide (Hosking and Brandt, 
Ber., 1935, 68, 37). After regeneration from the pure picrate and distillation in a high vacuum 
(b. p- 115°/0-3 mm.) the hydrocarbon (0-5 g.) was oxidised with potassium ferricyanide in a 
manner similar to that described by Heilbron and Wilkinson (J., 1930, 2546). The resulting 
acid (0-4 g.), after being crystallised from methyl alcohol and washed with ether, formed minute 
white crystals, m. p. 270°, not depressed by the acid obtained by oxidation of the retenol, which 
it resembled in solubility. 


We thank Mr. S. H. Wilson (Dominion Laboratory, New Zealand) for determining the 
two absorption curves, and Mr. C. L. Carter (University of Otago, New Zealand) for a micro- 
analysis. 


DoMINION LABORATORY, WELLINGTON, NEW ZEALAND. [Received, April 12th, 1939.] 





222. Researches in the Menthone Series. Part XV. 
1-trans-A4-Menthen-3-ol. 


By Davip MALcoLtm and JoHN READ. 


This paper initiates the stereochemical characterisation of a series of -menthenols. 
One of the two epimeric A*-menthen-3-ols (II) formed in the reduction of /-A*-menthen- 
3-one (I) has been isolated and identified as the tvans-isomeride (IV). A method has 
been devised for the conversion of /-menthol into d-isomenthol, thus supplementing 
earlier work on the conversion of /-menthol into d-neomenthol. 
ALTHOUGH many #-menthenols have been described, these substances have not usually 
been obtained in a state of stereochemical purity; moreover, little definite has been 
established concerning their relative molecular configurations. The present communication 
records the results of the first of a series of investigations in which it is proposed to deal 
with such problems. 

When selectively reduced by Ponndorf’s method, /-A*-menthen-3-one (I) yields a 
mixture of two stereoisomeric A*-menthen-3-ols (II), of which one has been isolated as a 
stereochemically pure substance, through fractional crystallisation of the derived 3: 5- 
dinitrobenzoates. 

Because of the stereochemical relationship existing between /-A*-menthen-3-one and 
L-menthone (Read and Robertson, J., 1926, 2211), it follows that these two A*-menthen- 
3-ols must possess the respective molecular configurations (III) and (IV). Further, the 
information available for the relative molecular configurations of the menthols (J., 
1934, 1781) enables a specific configuration to be assigned to each of the A*-menthen-3-ols 
under notice : upon hydrogenation, the substance (III) would yield a mixture of /-menthol 
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(VII) and d-neoisomenthol, and (IV) would give a mixture of d-isomenthol (V) and d-neo- 
menthol (VI). 
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The pure A*-menthen-3-ol obtained from the less soluble 3 : 5-dinitrobenzoate yielded, 
in fact, a hydrogenation product consisting chiefly of d-isomenthol (V), and containing also 
some trans-p-menthane, formed evidently as a consequence of the ready dehydration of 
d-neomenthol (J., 1934, 1781), followed by hydrogenation of the d-A*-menthene thus 
produced. The substance is thus revealed as 1-trans-A*-menthen-3-ol (IV). 

This menthenol, in common with other «$-unsaturated alcohols, undergoes partial 
racemisation in presence of acids (J., 1937, 239). 

The processes now described provide a method for the conversion of /-menthol (VII) 
into d-isomenthol (V), leading to the inversion of the asymmetry of carbon atoms (3) and 
(4). The conversion of /-menthol into d-neomenthol (VI), through the inversion of the 
asymmetry of carbon atom (3), has already been detailed (J. Soc. Chem. Ind., 1934, 53, 527). 

The purest specimen of /-cis-A*-menthen-3-ol obtained in this work was still contamin- 
ated with some of the ¢rans-epimer. The refractive index and density observed for a 
mixture of these cis- and trans-forms were markedly higher than for the pure ¢rans- 
compound, so that the relative molecular configurations now assigned to these two 
menthenols conform to the Auwers-Skita rule (Amnalen, 1915, 410, 287; 1920, 420, 91). 
Independent confirmation is thus obtained of the relative configurations assigned earlier 
(J., 1934, 1781) to the corresponding menthols, in so far as the 1 : 3-positions are concerned. 
Moreover, as anticipated, /-trans-A*-menthen-3-ol reacted more rapidly than /-cis-A‘- 
menthen-3-ol with p-nitrobenzoyl chloride (J., 1934, 1780). Upon catalytic hydrogenation, 
the impure specimen of the cis-menthenol yielded a product in which /-menthol (VII), 
l-menthone, and trans-p-menthane were identified, a result which is in keeping with the 
configuration (III) for /-cis-A*-menthen-3-ol. 








EXPERIMENTAL. 


d-A*-Menthene.—The use of toluene in the preparation of methyl /-menthylxanthate 
(Tschugaev, Ber., 1899, 32, 3333) was obviated by dissolving sodium (23 g.) in molten -menthol 
(250 g.) at 160—180°, most of the unchanged /-menthol being then distilled off under diminished 
pressure. Carbon disulphide (63-5 c.c.) was added slowly to the ice-cooled solution of the 
residual sodium /-menthoxide in dry ether (375 c.c.). The mixture was then warmed under 
reflux for 30 minutes. Methyl iodide (64-9 c.c.) was added slowly to the ice-cooled liquid, the 
reaction being completed by an hour’s heating under reflux. The ethereal solution, when 
shaken with water; dried, and distilled, yielded a heavy oil. Dissolution in hot alcohol yielded 
crystalline methyl /-menthylxanthate (86% yield) upon cooling. When distilled at 200° under 
ordinary pressure (cf. Tschugaev, loc. cit.), 890 g. of the once recrystallised xanthate gave 498 g. of 
crude d-A*-menthene. After being heated with sodium wire under reflux for several hours, 
this yielded d-A*-menthene (439 g.), b. p. 60—62°/15 mm., dj% 0-8210, ni" 1-4540, af” +93-4° 
(2 1), [«]?" +-113-8° (homogeneous), [a]}#° + 114-1° (c 2-0, alcohol). 

1-A*-Menthen-3-one.—d-A®-Menthene nitrosochloride (Richtmann, Amer. Chem. J., 1896, 
18, 762; Read and Robertson, J., 1926, 2217) was converted into the oxime of /-A*-menthen-3-one 
(loc. cit.). When purified by distillation in superheated steam, this had [a]}$° —55-0° (c 2-0, 
alcohol), m. p. 60—61-5°. Owing to the loss in this process it is preferable to do no more than 
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wash the ethereal solution of the crude oxime with water. The pale yellow syrup thus obtained 
had [a]§° —42-6° (c 2-0, alcohol), and when hydrolysed with boiling hydrochloric acid (1 : 1) 
it yielded /-A*-menthen-3-one having n}%° 1-4723, «}$° —70-52° (1 1). 

Reduction of 1-A*-Menthen-3-one.—1. A solution of the ketone (15 g.) in dry isopropyl alcohol 
(50 c.c.) containing aluminium isopropoxide (3 g.) was submitted to a slow constant-volume 
distillation through a 30-cm. Vigreux column from an oil-bath at 110°, according to the method 
of Ponndorf (Z. angew. Chem., 1926, 39, 138), fresh quantities of aluminium isopropoxide (1-5 g.) 
being added at intervals of 8 hours. After 24 hours’ treatment, most of the isopropyl alcohol 
was distilled away through the column, and the residue was steam-distilled. No menthenol 
was found. 

2. A solution of the ketone (50 g.) in dry isobutyl alcohol (100 c.c.) containing aluminium 
isopropoxide (12 g.) in solution was treated as above for 20 hours at 160—165°. Dry isobutyl 
alcohol was added periodically to replace loss, and every 5 hours a solution of aluminium iso- 
propoxide (6 g.) in dry isobutyl alcohol (25 c.c.) was added. After 20 hours the last part of the 
distillate (total, 350 c.c.) still gave a faint positive reaction for acetone by the sodium nitro- 
prusside test. The steam distillate obtained as in (1) above was extracted with ether. The 
residue from the dried extract yielded upon distillation a fraction (42 g.), b. p. 90—97°/13 mm., 
ns 1-4748, aif —114-73° (J 1, homogeneous), consisting of a mixture of A‘-menthen-3-ols. 

1-trans-A‘-Menthen-3-ol.—The above mixture of A‘-menthen-3-ols (78-8 g.) was esterified in 
dry pyridine with 3: 5-dinitrobenzoyl chloride. The product was poured into water and a 
chloroform extract of the resulting mixture was washed with dilute acid, dilute alkali, and water. 
The chloroform was removed, and steam distillation of part of the solid residue showed that it 
contained no unchanged ketone or alcohol. The crude ester, obtained in almost quantitative 
yield, had m. p. 139—140°, [a«]}7° — 109-0° (c 2-0, chloroform). After two recrystallisations from 
alcohol containing a little chloroform the ester had [a]}°° — 128-0°, and after one more recrystallis- 
ation from this solvent, followed by two from acetone, it had [«]¥° —172-4° (52-5 g.). A sixth 
recrystallisation, from acetone, gave colourless needles of pure 1-trans-A‘-menthen-3-yl 3 : 5- 
dinitrobenzoate (42-5 g.), m. p. 164—165°, [a]¥®° —175-0° (c 2-0, chloroform) (Found: C, 58-4; 
H, 5-7. C,,H, O,N, requires C, 58-6; H, 5-8%). 

When hydrolysed with alcoholic potassium hydroxide, this ester yielded 1-trans-A‘-menthen- 
3-ol (Found: C, 77-6; H, 11-7. Cj, 9H,,O0 requires C, 77-9; H, 11-8%). This was a colourless, 
viscid liquid with a somewhat sharp odour, b. p. 102—104°/18 mm., d?° 0-9109, ni?" 1-4712, 
[Ryjp 47-28 (calc. for CygH,,O |1, 47-16), a>” —176-74° (J 1, homogeneous), [«]>° —165-7° (c 2-3, 
alcohol). The p-nitrobenzoate crystallised from aqueous methyl alcohol in needles, m. p. 55°, 
[«}}° —210-0° (c 1-0, chloroform). When a specimen of this menthenol was heated on the 
water-bath for 30 minutes with 16% hydrochloric acid, the rotatory power declined to [«]}}° 
— 2-2° (c 2-7, alcohol) ; the recovered menthenol gave no terpene fraction when redistilled. 

Hydrogenation of 1-trans-A‘-menthen-3-ol—When hydrogenated in presence of colloidal 
palladium stabilised by gum arabic (J., 1934, 240), the above menthenol having af” —172-0° 
(1 1, homogeneous) gave a product which crystallised in part and had [«]}° +18-20° (c 2-0, 
alcohol). Distillation yielded a first fraction, b. p. 51°/10-5 mm., 3° 1-4410. This was 
optically inactive, and consisted of trans-p-menthane (Ber., 1922, 55, 148). The second fraction, 
b. p. 92—93°/10 mm., which formed the bulk of the hydrogenation product, had the odour of 
isomenthol and crystallised almost completely in the receiver, forming long needles, the m. p. 
of which (69—70°) was not depressed by pure d-isomenthol (m. p. 82-5°). The derived 
p-nitrobenzoate had m. p. 54°, [a]}i° +25-0° (c 1-0, chloroform), and was identical with 
d-isomenthyl p-nitrobenzoate (J., 1933, 170). 

1-cis-A*-Menthen-3-ol.—The first mother-liquor obtained in the recrystallisation of the above 
crude 3: 5-dinitrobenzoate, [«]\7° —109-0°, gave a residue having [«]}$° —61-3° (c 2-0, chloro- 
form); upon hydrolysis, this yielded impure J/-cis-A*-menthen-3-ol having «}}” —69-4° (/1, homo- 
geneous). The separation of stereochemically pure J/-cis-A*-menthen-3-ol from such residues 
has not yet been accomplished. Another specimen of the impure cis-compound had d?* 0-9141, 
n° 1-4723, [Rz]p 47°19 (calc., 47-16), ai?” —95-56° (1 1, homogeneous). 

Complete esterification with p-nitrobenzoyl chloride of the above mixture of J/-cis- and 
l-trans-A*-menthen-3-ol, having a” —95-56°, gave a partly crystalline mass with [a]}° —87-9° 
(c 1-2, chloroform). Partial esterification of some of the same specimen with p-nitrobenzoyl 
chloride (0-67 mol.) (J., 1934, 1782) gave a more fully crystalline product with [a]$° —91-0°. 
Thus, the tvans-compound reacted more rapidly than the cis-compound with this reagent. 

When submitted to catalytic hydrogenation, as described above, the mixture of the two 
epimeric menthenols, having «}}” — 95-56°, yielded a small amount of trans-p-menthane, together 
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with d-isomenthol and /-menthol (identified by the p-nitrobenzoates; J., 1933, 170), and 
i-menthone (2 : 4-dinitrophenylhydrazone, m. p. 146°, [a]}" —26-0°, c 1-0 in chloroform). 

dl-A*-Menthene and dl-A*-Menthen-3-one.—dl-A*-Menthene (J., 1928, 1492) gave a low yield 
of crystalline nitrosochloride (7 g. from 36 g.). The derived dl-A*-menthen-3-one oxime, when 
distilled under diminished pressure, crystallised in rosettes of feathery needles, m. p. 66—67°. 
It dissolved readily in organic solvents, but was insoluble in cold dilute mineral acids. Upon 
hydrolysis it yielded d/-A*-menthen-3-one, b. p. 92—94°/18 mm. The semicarbazone was a 
crystalline powder, m. p. 142° (Wallach, Annalen, 1908, 362, 276). Reduction of this ketone, 
according to Ponndorf’s method, as described above, furnished a product, b. p. 113—117°/35 
mm., #i°° 1-4703, which gave a dl-A‘-menthen-3-yl 3 : 5-dinitrobenzoate separating after two 
recrystallisations from alcohol containing a little acetone in needles, m. p. 135° (Found: 
C, 58-9; H, 5*9. C,,H,.O,N, requires C, 58-6; H, 5-8%). 


We are indebted to the Carnegie Trust for the Universities of Scotland for the award of a 
Research Scholarship to one of us (D. M.), and to Mr. A. G. Short, B.Sc., for carrying out the 
work on the hydrogenation and partial racemisation of J-tvans-A‘-menthen-3-ol, and for 
examining mixtures of this substance with its cis-epimer. 


THE UNIVERSITY, ST. ANDREWS. [Received, April 29th, 1939.] 





223. Researches in the Thujone Series. Part II. The Catalytic 
Hydrogenation of d-Sabinol. 
By ANDREW G. SHORT and JoHN READ. 


In presence of Adams’s platinum catalyst, d-sabinol (I) is hydrogenated to a mixture 
of thujyl alcohols (II) through addition of hydrogen to the double bond. A palladium 
sol effects a simultaneous fission of the cyclopropane ring, leading to the formation of 
a cyclopentenol (III), in company with thujyl alcohols, hydrocarbons formed through 
dehydration, and other products. d-Sabinyl acetate, under similar conditions, is 
converted mainly into the acetate of the pentenol (III). A third stereochemically pure 
thujyl alcohol, namely, /-neothujy] alcohol, derived from /-thujone, has been character- 
ised (cf. J., 1938, 2017). 


THE catalytic hydrogenation of sabinol (I) has been investigated inter alios by Wallach 
(Nach. Ges. Wiss. Gottingen, 1919, 3, 321) and Henderson and Robertson (J., 1923, 123, 
1715). In both instances, in presence of colloidal palladium, dihydrosabinol was reported 
as the chief product, together with related hydrocarbons; further, Wallach proved the 
chemical identity of dihydrosabinol with thujyl alcohol (II) by oxidising it to 6-thujone. 
Stereochemically, the results were inconclusive, and even the chemical identity of Hender- 
son and Robertson’s dihydrosabinol seems to be doubtful, since it failed to react with 
p-nitrobenzoyl chloride. 


C:CH, CHMe CMe CMe 


HC H-OH HC H-OH MeC7 \CH-OH MecZ \co 
H,C\\ cH, H.C H, Pr H, Pre H, 
Pré Prf 


(I.) (II.) (III.) (IV.) 


In experiments now recorded, d-sabinol when hydrogenated in presence of palladium 
sol yielded d-2 : 3-dimethyl-4-isopropyl-A*-cyclopentenol (III); the thujyl alcohols formed 
simultaneously furnished a third (J., 1938, 2017) stereoisomeride, 1-neothujyl alcohol, 
m. p. 22—23°, which was converted by oxidation into /-thujone. The hydrogenation was 
complex, and was accompanied by considerable dehydration leading to the formation of 
hydrocarbons. 

d-Sabinyl acetate under similar conditions yielded a much more definite result, being 
converted mainly into the acetate of the above pentenol: thus, the cyclopropane ring 
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appears to be less stable in d-sabinyl acetate than in d-sabinol. Upon oxidation, the free 
pentenol yielded the /-form of the so-called ‘‘ Iso-Thujon ” which Wallach (Amnalen, 1895, 
286, 102; ‘‘ Terpene und Campher,”’ Leipzig, 1914, 514) obtained in the d/-form by warming 
thujone with dilute sulphuric acid. In order to obviate confusion in the nomenclature 
(J., 1938, 2016), this substance should now be termed /-2 : 3-dimethyl-4-csopropyl-A?- 
cyclopentenone (IV). The corresponding pentanol (the “‘ Thujamenthol’’ of Wallach, 
op. cit., p. 516) was readily obtained by hydrogenating the pentenol (III) in presence of 
palladium sol. When oxidised, the pentanol yielded the pentanone (Wallach’s “‘ Thuja- 
menthon’’). Each of these last two products possibly consisted of a mixture of optically 
active stereoisomerides, since the respective molecules contain four and three dissimilar 
asymmetric carbon atoms. 

In presence of Adams’s platinum catalyst, d-sabinol underwent hydrogenation to a 
mixture of thujyl alcohols (II), consisting almost entirely of +-neothujyl alcohol. In this 
case there was no evidence of the opening of the cyclopropane ring to form a pentenol. 
The platinum catalyst thus induces simple addition at the double bond, whereas the chief 
effect of the palladium catalyst is 1 : 4-addition to a system comprising a double bond 
conjugated with a three-membered ring. These results are in noteworthy agreement with 
the observations of Richter, Wolff, and Presting (Ber., 1931, 64, 871) on the hydrogenation 
of sabinene: here, in presence of palladium the formation of 1 : 2-dimethyl-3-isopropyl- 
A1-cyclopentene is followed by that of the corresponding cyclopentane, whereas a platinum 
catalyst yields thujane. 

The /-neothujyl alcohol obtained in the present investigation had m. p. 22—23°, [a]p — 
7-54° (toluene), — 8-25° (alcohol), and thus resembled closely a thujyl alcohol, m. p. 28°, 
[«]p — 9-12° (toluene), which Tschugaev and Fomin (Ber., 1912, 45, 1293) obtained in the 
reduction of $-thujone with sodium and alcohol, but did not oxidise to a thujone. By 
applying a modified method of separation, it proved possible to isolate both /-neo- and 
d-iso-thujyl alcohol (cf. J., 1938, 2017) in a state of stereochemical purity from this product. 
l-neoThujyl alcohol is best prepared, however, by hydrogenating d-sabinol in presence of 


Adams’s platinum catalyst, and d-isothujyl alcohol by the method described in Part I 
(J., 1938, 2019). 

An examination of the comparative reaction velocities of /-neothujyl alcohol and 
l-thujyl alcohol with -nitrobenzoyl chloride indicated the cis-H configuration for the 
neo-alcohol; in this respect, therefore, it corresponds to the meomenthols (J., 1934, 1781). 


EXPERIMENTAL. 


d-Sabinol and Some d-Sabinyl Esters—When fractionally distilled, crude oil of savin, a}* + 
63-52° (J 1, homogeneous), nj 1-4750, yielded two fractions consisting mainly of (i) d-sabinene 
(b. p. 67—80°/18 mm.; 38%), and (ii) d-sabinyl acetate with d-sabinol [b. p. 105—115°/18 mm., 
ni 1-4756, al + 67-41° (1 1); 51%]. The redistilled first fraction (27-5%) had b. p. 59— 
60°/10 mm., n}¢° 1-4718, al?” + 68-48° (J 1). 

The second fraction (100 g.) was boiled for 30 minutes with an excess (780 c.c.) of 5% methyl- 
alcoholic potassium hydroxide. The crude d-sabinol (53 g.), isolated by steam distillation and 
extraction with ether, had b. p. 95°/10 mm., ni 1-4891, a} +- 6-44° (J 1) (cf. Fromm, Ber., 
1898, 81, 1200; Paolini and Rebora, Atti R. Accad. Lincei, 1916, [v], 25, II, 377). The 
p-nitrobenzoate, obtained by esterifying crude d-sabinol (10 g.) in dry pyridine (50 c.c.) with 
p-nitrobenzoyl chloride (13-5 g.), crystallised from aqueous methyl alcohol in slender, yellowish 
prisms, m. p. 76°, [a]}*° + 10-0° (c 2-0, chloroform) (cf. Henderson and Robertson, J. 1923, 123, 
1715). 

Pure d-sabinol, resulting from the hydrolysis of this ester with 5% methyl-alcoholic potas- 
sium hydroxide, had b. p. 90°/11 mm., dif* 0-9488, d3° 0-9461, n2° 1-4871, ai®®* + 3-74° (7 1), 
[«]**" + 3-94° (homogeneous), [R;]p 46-23 (calc. for C,.H,,O |T, 45-04; exaltation, 1-19). 

Pure d-sabinyl 3 : 5-dinitrobenzoate formed soft, yellowish needles, m. p. 109°, [a]}*" + 22-5° 
(c 1-0, chloroform). The acetate, prepared in quantitative yield by heating pure d-sabinol with 
acetic anhydride (1-5 mols.) under reflux, was more mobile than d-sabinol, which it resembled 
in odour; b. p. 101—102°/11-5 mm., 720° 1-4699, a2” + 86-18° (J 1, homogeneous), [a]>” + 
79-9° (c 2-1, chloroform). A specimen prepared similarly from the above crude d-sabinol had 
ap” + 77-4° (11). Natural d-sabinyl acetate, isolated by Elze (Chem. Zig., 1910, 34, 767), had 
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ap” + 68°. The hydrogen phthalate crystallised from light petroleum in small, hard needles, 
m. p. 101—102°, [a]}7*" — 17-5° (c 1-0, methyl alcohol) and + 10-0° (c 1-0, chloroform) (Found : 
C, 72-0; H, 6-6. Calc.: C, 72-0; H, 67%). Paolini and Rebora (loc. cit.) found m. p. 94— 
95°, [«]p — 14° 13’ (methyl alcohol) for this derivative, which gave d-sabinol, b. p. 208°, d™ 
0-9518, nj 1-4895, [a], + 7-56°: these specimens were evidently impure. 

Of the following esters, also prepared from the above crude d-sabinol, the first three were 
mobile liquids and the last two were viscid syrups : propionate, «j*° + 68-54° (J 1, homogeneous), 
[a] + 61-8° (c 2-0, chloroform); m-butyrate, aj§* + 53-72° (J 1), [«]I§ + 48-3° (chloroform) ; 
benzoate, [a]}?’ + 20-0° (chloroform); cinnamate, [«]}* + 0-0° (chloroform), + 9-8° (c 0-2, 
methyl alcohol). The high rotatory power of d-sabinyl acetate is remarkable. 

l-neoThujyl Alcohol and 1-Thujone from d-Sabinol_—1. A solution of d-sabinol (50 g., a} + 
6-44°) in ether (100 c.c.) was hydrogenated in presence of Adams’s platinum catalyst (0-6 g.) 
(‘‘ Organic Syntheses,” Coll. Vol. I, 1932, 452) under an over-pressure of 7 atms. The theoreti- 
cal quantity of hydrogen (1 mol.) was taken up in 30 minutes, and absorption was then complete. 
The spent catalyst became spontaneously inflammable when dry. The crude product (45 g.) 
was a viscid liquid with a sweet smell, b. p. 98-5—99-5°/13-5 mm., nm} 1-4690, aj’ — 0-65° 
(2 1, homogeneous). 

This mixture of thujyl alcohols (83 g. from 100 g. sabinol) was mixed in dry pyridine (415 c.c.) 
with p-nitrobenzoyl chloride (110 g.; 1-1 mols.) and left overnight. The crude ester, after 
being washed in ethereal solution with dilute acid, dilute alkali, and water, was obtained as a 
pale yellow syrup which crystallised when cooled and stirred. Two recrystallisations from 
methyl alcohol furnished pure 1-neothujyl p-nitrobenzoate, separating in long, hard, faintly 
yellow needles (100 g.), m. p. 90°, [a]}8° — 12-50° (c 1-0, chloroform) (Found: C, 67-4; H, 6-8. 
C,,;H,,0,N requires C, 67-3; H, 69%). Hydrolysis with boiling methyl-alcoholic potassium 
hydroxide (1-2 mols., 5%, 30 mins.), followed by steam distillation and distillation under 
diminished pressure, yielded pure /-neothujyl alcohol as a viscid liquid which crystallised in 
colourless leaflets, m. p. 22—23°, b. p. 96°/13 mm., [a]##* — 7-54° (c 1-2, toluene), [«]>” — 8-84° 
(c 1-3, alcohol), n3** 1-4624, 32° 0-9223, [R;]p 45-92 (calc. for C,,H,,0, 45-51; exaltation, 0-41). 

l-neoThujyl 3 : 5-dinitrobenzoate crystallised from methyl alcohol in colourless leaflets, m. p. 
103°, [a] — 10-00° (c 2-0, chloroform) (Found: C, 59-0; H, 5-6. C,,H,,O,N, requires C, 
58-6; H, 5-8%). When oxidised with chromic acid, /-neothujyl alcohol gave /-thujone, b. p. 
83°/15 mm., mje” 1-4512, a}®” — 18-32° (1 1, homogeneous); semicarbazone, m. p. 186—188° 
(J., 1938, 2018). 

2. A solution of palladium chloride (0-3 g.) in hot water (25 c.c.) containing a little hydro- 
chloric acid (2 drops, dilute) was washed into a hydrogenating bottle with hot water (25 c.c.) and 
mixed with a solution of gum arabic (0-5 g., powdered) in boiling water (200 c.c.). d-Sabinol 
(50 g.) was added to the cold solution, and hydrogen was admitted in the usual way after evacu- 
ation with the water-pump. Absorption of hydrogen (1 mol.) ceased after 15 minutes’ stirring. 
The crude product, obtained by extracting the filtered liquid with ether, had a slight positive 
or negative optical rotation in different experiments. When distilled, it yielded a large terpene 
fraction. 

Esterification of the crude product with p-nitrobenzoyl chloride in dry pyridine, followed 
by extraction with chloroform and washing as described above, yielded a crude ester from which 
terpene was removed by steam distillation. The residual reddish-brown syrup slowly depos- 
ited a small amount of crystalline material, which was separated by treatment with cold methyl 
alcohol. Fractional crystallisation from aqueous methyl alcohol then yielded a less soluble 
levorotatory ester and a more soluble dextrorotatory ester, m. p. 46° (vide infra). The levo- 
rotatory ester consisted of long needles of somewhat impure /-neothujyl p-nitrobenzoate, m. p. 
90°, [a]}*° — 8-25° (c 2-0, chloroform) (Found: C, 67-0; H, 6-8. Calc.: C, 67-3; H, 69%). 
The derived /-neothujyl alcohol had b. p. 94°/8 mm., m. p. 20°, [a]}8° — 5-52° (c 1-3, methyl 
alcohol). When oxidised with Beckmann’s chromic acid mixture, this gave /-thujone, b. p. 
82°/11-5 mm., nj** 1-4470, aj’ — 15-9° (J 1, homogeneous), identified by means of the semi- 
carbazone and 2: 4-dinitrophenylhydrazone (J., 1938, 2018). The levorotatory ester, alcohol, 
and ketone were all slightly impure. The yield of /-neothujyl alcohol in this hydrogenation 
was very small, several other substances being formed simultaneously (vide infra). 

Derivatives of cycloPentene and cycloPentane from d-Sabinol.—1. The above-mentioned 
fraction of oil of savin, b. p. 1O5—115°/18 mm.., aj" + 67-41° (J 1), consisting mainly of d-sabinyl 
acetate, was hydrogenated (5 lots of 50 g.) without a solvent in presence of colloidal palladium, 
as described above for d-sabinol. The first rapid absorption of hydrogen (1 mol.) was complete 
in about 10 minutes. The product was extracted with ether and hydrolysed with 4% methyl- 
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alcoholic potassium hydroxide (1-2 mols.; reflux; 30 minutes). In the ensuing steam distil- 
lation the first distillate, containing methyl alcohol and terpene, was neglected; the oil distil- 
ling later was extracted with ether and esterified in dry pyridine (5 c.c. per g.) with 3 : 5-dinitro- 
benzoyl chloride (1-1 mols.). The crude ester was a reddish-brown syrup (131 g.) which slowly 
crystallised, yielding a material, m. p. 60—65°, [a]}”’* + 64-0° (c 2-0, chloroform). Three 
recrystallisations from methyl] alcohol gave an apparently homogeneous ester (80 g.), separating 
in rectangular leaflets, m. p. 63—64°, [a]? + 64-75° (c 2-0, chloroform). This substance proved 
to be d-2 : 3-dimethyl-4-isopropyl-A*-cyclopentenyl 3 : 5-dinitrobenzoate (Found: C, 59-2; H, 
5°7. Cy,HggO,N, requires C, 58-6; H, 5-8%). 

d-2 : 3-Dimethyl-4-isopropyl-A*-cyclopentenol, obtained by hydrolysing the above ester with 
methyl-alcoholic potassium hydroxide, was a colourless, viscid liquid, b. p. 90—91°/10 mm., 
aj?” + 28-22° (J 1, homogeneous), 1?” 1-4670 (Found: C, 77-9; H, 11-9. C, 9H,,O requires 
C, 77-9; H, 11-7%). It rapidly decolorised cold dilute aqueous permanganate and a solution 
of bromine in chloroform, and also absorbed hydrogen (1 mol.) in presence of colloidal palladium. 
The p-nitrobenzoate crystallised from methyl alcohol in fine, pale yellow needles, m. p. 46-5°, 
[a] + 93-5° (c 1-0, chloroform). 

When oxidised with Beckmann’s chromic acid mixture, the above pentenol yielded /-2 : 3- 
dimethyl-4-isopropyl-A*-cyclopentenone as a pale green, mobile liquid with a characteristic 
odour somewhat like that of the thujones; it had b. p. 89°/13 mm., aj — 12-72° (i 1, homo- 
geneous), »}* 1-4641. The optical rotation changed to aj® — 17-68° when the ketone was kept 
for 24 hours in an alcoholic solution of sodium ethoxide. The semicarbazone was deposited 
from aqueous methyl alcohol as a white amorphous solid, m. p. 155—156°, [a]}®° + 55-0° (c 1-0, 
methyl alcohol) (Found: C, 63-4; H, 9-2. C,,H;,ON, requires C, 63-2; H, 9-1%). The 
2: 4-dinitrophenylhydrazone crystallised from methyl alcohol-chloroform in long, dark red 
needles, m. p. 137-5°, [«]}®° + 31-0° (c 1-0, chloroform) (Found: C, 57-7; H, 5-9. CygH.,.O,N, 
requires C, 57-6; H, 6-1%). The oxime was a viscid syrup, 3)" 1-4958, [a]}?” + 10-97° (c 1-0, 
methyl alcohol). 

The alcohol obtained by hydrolysing crude d-2 : 3-dimethyl-4-isopropyl-A?-cyclopentenyl 
acetate, prepared as described above, readily absorbed hydrogen (1 mol.) in presence of colloidal 
palladium. The 3: 5-dinitrobenzoate derived from the hydrogenated product crystallised 
partly when kept overnight, and three recrystallisations from methyl alcohol furnished brownish 
leaflets of a 2: 3-dimethyl-4-isopropylcyclopentyl 3 : 5-dinitrobenzoate, m. p. 82—83°, [a] — 
2-0° (c 1-0, chloroform) (Found: C, 58-8; H, 5-9. C,,H,,0,N, requires C, 58-6; H, 5-8%). 
Hydrolysis with 5% methyl-alcoholic potassium hydroxide gave a 2 : 3-dimethyl-4-isopropyl- 
cyclopentanol as a colourless, viscid liquid with a faint sweet smell, b. p. 94°/12 mm., aj” — 1-56° 
(2 1, homogeneous), »}°* 1-4649. 

Upon oxidation the pentanol yielded a 2 : 3-dimethyl-4-isopropylcyclopentanone as a mobile, 
faintly green liquid, with a strong odour of the thujone type; it had b. p. 80°/11 mm., ajé* + 
9-94° (1 1, homogeneous), #37" 1-4542. Treatment with cold alcoholic sodium ethoxide changed 
the optical rotation to aj + 17-54° (1 1}. The 2: 4-dinitrophenylhydrazone crystallised from 
methyl alcohol-chloroform in fine orange needles, m. p. 101-5°, [a]}*° + 60-0° (c 1-0, chloroform) 
(Found: C, 57-6; H, 5-8. C,.H,,0O,N, requires C, 57-5; H, 6-6%). The semicarbazone was 
an amorphous solid, m. p. 135—137°, [a]i®” + 122-0° (c 1-0, methyl alcohol). 

2. The dextrorotatory p-nitrobenzoate obtained by hydrogenating d-sabinol in presence of 
colloidal palladium (vide supra) formed soft, colourless needles, m. p. 46°, [a]}* + 84-5° (c 2-0, 
chloroform), these constants being unaltered after recrystallisation. It appeared to consist of 
mixed crystals, since another specimen, obtained by hydrogenating d-sabinyl p-nitrobenzoate 
in presence of colloidal palladium, had m. p. 46°, [a]}® + 67-5° (c 2-0, chloroform). The product 
was identified as impure d-2 : 3-dimethyl-4-isopropyl-A?-cyclopentenyl p-nitrobenzoate. 

The bulk of the p-nitrobenzoate obtained from the product of hydrogenation of d-sabinol in 
presence of colloidal palladium remained as a reddish-yellow, mobile syrup. A specimen having 
[a}#*° + 13-9° (c 1-1, chloroform), upon hydrolysis with methyl-alcoholic potassium hydroxide, 
yielded a viscid, sweet-smelling liquid, b. p. 95—96°/12 mm., ni®* 1-4662, ai® — 4-66° (i 1, 
homogeneous). This crude alcohol gave a syrupy 3 : 5-dinitrobenzoate, and, unlike the thujyl 
alcohols, readily decolorised dilute acid permanganate and bromine dissolved in chloroform. 
Oxidation with Beckmann’s chromic acid mixture yielded a mobile, sweet-smelling liquid with 
ketonic properties, b. p. 88—90°/12-5 mm., a}®” — 28-00° (/ 1, homogeneous), nj" 1-4620. The 
derived 2 : 4-dinitrophenylhydrazone, after four recrystallisations from methyl alcohol-chloro- 
form, separated in flat, orange-red needles, m. p. 131°, [a] + 14-0° (c 1-0, chloroform) (Found : 
C, 57-7; H, 6-1. C,gH,.O,N, requires C, 57-6; H, 6-0%); this appeared to be a pure specimen 
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of the 2: 4-dinitrophenylhydrazone of an isomeride of /-2 : 3-dimethyl-4-isopropyl-A*-cyclo- 
pentenone (m. p. 137-5°, [a]p + 31-0°, vide supra). These observations show that the hydro- 
genation of d-sabinol in presence of colloidal palladium leads to the formation of /-neothujyl 
alcohol, d-2 : 3-dimethyl-4-isopropyl-A*-cyclopentenol, and other substances, possibly including 
stereoisomerides of these two alcohols, as well as the corresponding pentanol, thujane, etc. 
The high optical rotation, «}%° — 28-00°, of the above mixture of ketones suggests also an 
alternative fission of the cyclopropane ring; but treatment with 2: 4-dinitrophenylhydrazine 
failed to disclose the presence of carvotanacetone.* 

The catalytic hydrogenation of d-sabinol according to Henderson and Robertson (J., 1923, 
123, 1715) led to similar results. With a palladium-calcium carbonate catalyst, very little 
hydrogen was absorbed, even at an overpressure of 7 atms. 

d-isoThujyl Alcohol, d-isoThujone, 1-neoThujyl Alcohol, and 1-Thujone from 8-Thujone.— 
8-Thujone (50 g.) from tansy oil (J., 1938, 2018), with m}®° 1-4582, a} + 36-42° (7 1), was dis- 
solved in ethyl alcohol (375 c.c.; dried for a fortnight over quicklime) and reduced under reflux 
with sodium (37-5 g.), added in coarse pieces. The resulting mixture of thujyl alcohols (35 g.) 
had nj" 14687, ap + 36-84° (7 1) (cf. J., 1938, 2019). An attempted conversion of this product 
into the hydrogen phthalate by the method of Pickard and Littlebury (J., 1912, 101, 109) led to 
dehydration and charring, but a modification of the method of Duveen and Kenyon (J., 1936, 
622) proved successful. 

A mixture of the thujyl alcohols (50 g.), phthalic anhydride (48 g.), and dry pyridine (27 c.c.) 
was kept at 115—120° for 4 hours. The warm liquid was then treated with 5% sodium carbo- 
nate solution (700 c.c.). After an hour, the product was extracted twice with ether. When 
the aqueous solution was acidified with hydrochloric acid, the hydrogen phthalate was precipi- 
tated as an oil which soon solidified. By extraction with chloroform it was obtained as a hard, 
crystalline mass (91 g.), which began to melt at about 79° and had [a]}® + 28-65° (c 2-0, chloro- 
form), + 28-87° (¢ 1-6, alcohol). 

The crude thujyl hydrogen phthalate (265 g.) was dissolved in the minimum quantity of hot 
alcohol and treated with cinchonine (258 g.). A small amount of undissolved cinchonine was 
removed by filtration, and the solution crystallised when kept overnight. The first fraction 
of the cinchonine salt had [a]}° + 120-0° (c 1-0, chloroform) ; and two further recrystallisations 
from alcohol yielded large needles (72 g.), m. p. 171—172°, [a]}”" + 143-0°. 

Steam distillation of the powdered cinchonine salt (72 g.) at this stage with 5% aqueous 
potassium hydroxide (350 c.c.; 2-5 mols.) yielded slightly impure d-isothujyl alcohol (17-2 g.), 
b. p. 93°/8-5 mm., a}® + 105-88° (7 1), ni?" 1-4621. This was readily purified by means of the 
p-nitrobenzoate (J., 1938, 2019), yielding d-isothujyl alcohol (11-5 g.), b. p. 91°/9°5 mm., a}” + 
108-1° (2 1), di* 0-9221, [a]#*" + 117-2° (homogeneous), [a]}%° + 111-0° (c 1-1, alcohol), n}* 
1-4600, di?" 0-9189, [Rz]p 45-92 (calc. for C,gH,,0, 45°51; exaltation, 0-41). 

The derived d-isothujone (cf. J., 1938, 2018) had b. p. 73°/10 mm., a3!” + 73-94° (1 1), d? 
0-9147, [«]#" + 80-83° (homogeneous), 3° 1-4500. The ketone had a distinct greenish-yellow 
colour, which deepened with the passage of time. 

When acidified with hydrochloric acid, the first two mother-liquors from the fractional 
crystallisation of the above cinchonine salt yielded a crude thujyl hydrogen phthalate (66g.), which 
was readily obtained crystalline by extraction with chloroform, [a]}* + 17-57° (¢ 1-1, alcohol). 
The salt with strychnine (71 g.) was produced by mixing the constituents in chloroform, which 
was then removed. After two recrystallisations from isobutyl alcohol this salt was obtained in 
fine needles (33 g.), m. p. 217—218° (decomp.), [«]}*” — 20-0° (c 1-0, chloroform). 

Material of this kind (63-5 g.), when powdered and steam distilled with 5% aqueous potas- 
sium hydroxide (300 c.c.; 2-5 mols.), gave impure /-neothujyl alcohol (11-8 g.), b. p. 94-5°/10-5 
mm., [a]}* — 5-45° (c 1-6, alcohol). The derived p-nitrobenzoate after two recrystallisations 
had m. p. 90°, [a]}®* — 13-0° (¢ 1-0, chloroform), and yielded L-neothujyl alcohol (6 g.), b. p. 
95°/13-5 mm., m. p. 22—23°, [a] — 8-25° (c 1-8, alcohol). Oxidation with Beckmann’s 
reagent gave /-thujone (4-25 g.), aj)" — 18-46° (11), di? 0-9116, [a]}7* — 20-25° (homogeneous), 
[a]i7°" — 17-52° (c 1-1, alcohol). This ketone was only faintly coloured. 

Comparative Reaction Velocities of |-neoThujyl Alcohol and |-Thujyl Alcohol.—To a solution 
of equal weights (2-6 g.) of each of the alcohols in dry pyridine (25 c.c.), maintained at 25° (J., 
1934, 1782), was added gradually an insufficient quantity (0-67 mol.) of p-nitrobenzoyl chloride 
for complete esterification. The well-washed crude ester (4-12 g.) had [aJ}?" — 24-0° (c 2-0, 


* d-Carvotanacetone 2 ; 4-dinitrophenylhydrazone separates readily from methyl] alcohol-chloroform 
in red-gold leaflets, m. p. 191—192°, [e]p +110-0° (c 0-5, chloroform). 
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chloroform), and thus consisted of 58-2% of /-thujyl p-nitrobenzoate, [«]}” — 32-25° (J., 1938, 
2019), and 41-8% of l-neothujyl p-nitrobenzoate, [«]}*° — 12-50° (vide supra). It follows that 
l-thujyl alcohol reacts more rapidly than /-neothujyl alcohol with p-nitrobenzoyl chloride. 
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By C. W. Picarp, K. S. SHARPLEs, and F. S. SPRING. 


The product obtained by oxidation of B-amyrenyl acetate with hydrogen peroxide 
(Part I, J., 1933, 1345) is now shown to be a saturated ketone, B-amyranonyl acetate 
(V). On treatment with bromine this is partially dehydrogenated to give iso-B- 
amyrenonyl acetate (V1). Reduction of this «8-unsaturated ketone, followed by treat- 
ment of the product with acetic anhydride, gives dehydro-8-amyrenyl acetate (IV), 
previously obtained by the same method starting from B-amyrenonol (III) (Part V, J., 
1938, 1233). Similarly we find that treatment of methyl ketoacetyldihydro-oleanolate 
with bromine gives methyl] isoketoacetyloleanolate. The implications of these results, 
in so far as the structures of 8-amyrenol and oleanolic acid are concerned, are discussed. 


By oxidation of 8-amyrenol with persulphuric acid in acetic acid, Rollett and Bratke 
(Monatsh., 1922, 43, 685) obtained an “‘ oxy-f-amyrin acetate,” m. p. 291—292°, which 
was characterised by its hydrolysis to “‘ oxy-8-amyrin,’”’ m. p. 200—201°, and by oxidation 
of the latter to “‘ oxy-6-amyranone,”” m. p. 216—217° (see also Rollett and Petter, 


Monatsh., 1933, 63, 311). ‘‘ Oxy-f-amyrin acetate”’ (‘‘-amyrenyl acetate oxide,” 
Cs2H;,0,) was later obtained by oxidation of f-amyrenyl acetate with hydrogen peroxide 
(Spring, J., 1933, 1345), by oxidation of B-amyrenol or its acetate with perbenzoic acid 
(Spring and Vickerstaff, J., 1934, 1859; cf. Ruzicka, Silbermann, and Pieth, Helv. Chim. 
Acta, 1932, 15, 1285), by ozonolysis of basseol acetate (Beynon, Heilbron, and Spring, J., 
1937, 989), and more recently by the oxidation of $-amyrenyl acetate with chromic 
anhydride (Beynon, Sharples, and Spring, J., 1938, 1233). 

The acetate, C,.H;,03, m. p. 291—292°, does not react with the usual carbonyl reagents 
and it fails to give a coloration with tetranitromethane (Spring, Joc. cit.); the Zerewitinoff 
method indicates the presence of one active hydrogen atom (Beynon, Sharples, and Spring, 
loc. cit.), although the compound cannot be further acylated. Examination of the ultra- 
violet absorption spectrum of the acetate, m. p. 291—292°, has now established the presence 
therein of an isolated carbonyl group (band at 2820 a., log « = 1-89). Reduction of the 
acetate with sodium and amyl alcohol gives dthydroxy-B-amyrane, C35H;,02, m. p. 216— 
217°, characterised by its diacetate, m. p. 183—184°. We conclude that the acetate, 
C52H;,03, m. p. 291—292°, is a saturated keto-acetate and it is therefore to be designated 
§-amyranony]l acetate (cf. Picard, Sharples, and Spring, J. Soc. Chem. Ind., 1939, 58, 58). 

Treatment of 6-amyranonyl acetate with bromine gives a bromine-free product, m. p. 
289—290°, undepressed on admixture with $-amyranonyl acetate. The new product, 
however, has been shown to be iso-8-amyrenonyl acetate, Cs.H; O03, since it exhibits the 
intense absorption in the ultra-violet characteristic of an «B-unsaturated ketone. Hydrolysis 
of this unsaturated keto-acetate yields iso-8-amyrenonol, m. p. 232—233°. Reduction of 
iso-8-amyrenonyl acetate with sodium and amyl alcohol, followed by treatment of the 
product with acetic anhydride, yields dehydro-f-amyrenyl acetate identical with that 
previously obtained by similar treatment of 8-amyrenonol (Beynon, Sharples, and Spring, 
loc. ctt.). 


* It has been necessary to expand the title of this series from “‘ The Resinols ” to that shown above. 
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6-Amyrenol is represented by the structure (I; R = H) (Ruzicka and Schellenberg, 

Helv. Chim. Acta, 1937, 20, 1553; Haworth, Aun. Reports, 1937, 34, 338; Beynon, Sharples, 

and Spring, Joc. cit.; Ruzicka and van der Sluys-Veer, Helv. Chim. Acta, 1938, 21, 1371; 

Ruzicka, Cohen, Furter, and van der Sluys-Veer, zbid., p. 1735; Picard, Sharples, and 

Spring, Joc. cit.; Ruzicka, van der Sluys-Veer, and Cohen, Helv. Chim. Acta, 1939, 22, 350), 

an ethylenic bond being located at either C,,—C,, (in which case A = Me) (Class A) or at 

Cyg—Cj, (in which case C = Me) (Class B), A, B, C, D and E showing the possible locations 

of three methyl groups. In class A, the two variants to be considered are (II) and (IIa). 

According to (II) $-amyrenonol will be represented by (III, R =H) and dehydro-p- 

amyrenyl acetate by (IV, R = COMe). Likewise 6-amyranonyl 

Me Me acetate will be (V, R = COMe) and iso-8-amyrenonyl acetate, 

R ° Me (VI, R = COMe), which gives an adequate interpretation of its 

Me conversion into dehydro-$-amyrenyl acetate (IV, R = COMe) by 

1 reduction, followed by treatment with acetic anhydride. Accord- 

D ing to (IIa) the conversion of $-amyrenonol (IIIa, R = H) and 

of tso-B-amyrenonyl acetate (VIa, R =COMe) into dehydro- 

+ one B B-amyrenyl acetate (IVa, R =COMe) must in each case be 

double bond = C accompanied by a migration of the angular methyl group 

(). Me E attached to C,3. In the hope of differentiating between the two 

formule (II, R = H) and (IIa, R = H) for 8-amyrenol, we have 

unsuccessfully attempted to effect the catalytic reduction of dehydro-$-amyreny] acetate ; 

unchanged material was quantitatively recovered after long shaking with hydrogen in the 
presence of platinum. 

According to the representation (IIa, R = H) for B-amyrenol, oleanolic acid is (VII, 

R =H). It has been shown by Ruzicka, Cohen, Furter, and van der ty Aa (loc. cit.) 


Me Me Me 
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that this formula is not in harmony with the conversion of ketoacetyloleanolic acid into the 
acetoxy-ketone, m. p. 208—210°, or with that of ketoacetyloleanolic acid lactone into 
isoketoacetyloleanolic acid. This point is again emphasised, since we now find that bromin- 
ation of methyl ketoacetyldihydro-oleanolate (Kitasato, Acta Phytochim., 1933, 7, 169; 
1935, 9, 43; Ruzicka and Cohen, Helv. Chim. Acta, 1937, 20, 804) (the analogue of 6- 
amyranony]l acetate) gives in good yield the «$-unsaturated ketone methyl ssoketoacetyl- 
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oleanolate, m. p. 203—204° (Kitasato, Acta Phytochim., 1935, 8, 315; Ruzicka, Cohen, 
Furter, and van der Sluys-Veer, Joc: cit.). According to the representation (IIa, R = H) 
and (VII, R = H) for 8-amyrenol and oleanolic acid respectively, methyl ketoacetyldi- 
hydro-oleanolate will be (VIII, R = COMe), from which no satisfactory formulation for 
the tsoketo-ester, m. p. 203—204°, can be derived. 

In so far as ring C is concerned, the class B type of formula gives a satisfactory represent- 
ation of the reactions described in this paper. 


EXPERIMENTAL, 


All melting points are uncorrected. 

Dihydroxy-B-amyrane.—A solution of B-amyranonyl acetate (2-5 g.) in boiling amyl alcohol 
(50 c.c.) was treated with sodium (2-5 g.), added during 10 minutes, the mixture then being 
heated under reflux for 1 hour. Sodium (2-5 g.) was again added, and the heating continued 
for a further hour. The mixture was poured into water, and the amyl alcohol removed by 
distillation in steam. The product, isolated by means of ether, was heated on the steam-bath 
for 1} hours with pyridine (5 c.c.) and acetic anhydride (20 c.c.). The mixture was poured 
into water and extracted with ether, and the product crystallised from aqueous acetone, from 
which diacetoxy-B-amyrane separated in needles, m. p. 183—184°, [«]?” +42-19° (J =1,¢ = 
0-56 in chloroform) (Found: C, 77-4; H, 10-5. C,,H,;,O, requires C, 77-2; H, 10-7%). The 
diacetate does not give a coloration with tetranitromethane in chloroform. Hydrolysis of the 
diacetate (0-5 g.) was effected by heating under reflux with alcoholic potassium hydroxide 
(10%; 30c.c.) for4 hours. The mixture was largely diluted with water and the solid separating 
was collected and crystallised thrice from aqueous methyl alcohol, from which dihydroxy-B- 
amyrane separated in needles, m. p. 216—217°, [a]?” +97-6° (1 = 1, c = 0-50 in chloroform) 
(Found: C, 81-0; H, 11-8. C,,H,,O, requires C, 81-0; H, 11-8%). 

iso-B-Amyrenonyl Acetate.—$-Amyranonyl acetate (4-5 g.) in glacial acetic acid (250 c.c.) 
was treated with a solution of bromine in glacial acetic acid (8%; 3 mols.) and 2 drops of a 
solution of hydrobromic acid in glacial acetic acid (40%). The mixture was maintained at 
35—40° for 15 minutes and then at 20° for 4 hours. The solid separating after the addition of 
water was collected and washed with water. It was free from halogen and after six crystallis- 
ations from acetone gave iso-8-amyrenonyl acetate in hexagonal plates, m. p. 289—290°, [a]? 
+73-7° (J = 1, c = 0-8 in chloroform); a mixture of this with B-amyranonyl acetate melted at 
290—291° (Found : C, 79-6; H, 10-6. C,,H,;,9O0, requires C, 79-6; H, 10-45%). Light absorption 
in alcohol: maxima at 2470 a., log « = 4-08 and 3280 a., log « = 1-845. 

iso-8-A myrenonol.—iso-B-Amyrenonyl acetate (0-3 g.) was heated under reflux for 4 hours 
with alcoholic potassium hydroxide (20 c.c.; 10%), and the solution then largely diluted with 
water. The solid separating was washed with water and taken up in hot aqueous methyl 
alcohol, from which iso-f-amyrenonol separated as an amorphous solid which on standing in 
contact with the mother-liquor gradually changed into plates, m. p. 232—-233°. The separation 
of amorphous solid changing into plates on standing was observed in every crystallisation, the 
m. p. of the crystalline form remaining constant at 232—-233° (Found: C, 81-55; H, 10-7. 
Cy9H,,O0, requires C, 81-7; H, 11-0%). 

Dehydro-B-amyrenyl Acetate.—iso-B-Amyrenyl acetate (0-75 g.) in boiling amyl alcohol 
(25 c.c.) was treated during 1 hour with sodium (1-5 g.), small additions of amyl alcohol being 
made from time to time. The product, isolated in the usual manner, was heated under reflux 
with acetic anhydride (7 c.c.) for 1 hour and then poured into water. The solid separating 
was collected, washed with water, and crystallised from aqueous acetone, from which dehydro- 
f-amyrenyl acetate separated in small needles, m. p. 208—209°, [a]? +331-6° (1 = 1,c = 0-3 
in chloroform). It gave a deep yellow coloration with tetranitromethane in chloroform and the 
m. p. was not depressed by a specimen prepared from $-amyrenonol (Beynon, Sharples, and 
Spring, loc. cit.) (Found: C, 82-3; H, 11:0. Calc. for C;,H,,O,: C, 82-3; H, 108%). Light 
absorption in alcohol: maximum at 2830 a., log « = 3-98. 

Methyl Ketoacetyldihydro-oleanolaie.—Oleanolic acid was isolated by the following modified 
method (cf. Winterstein and Stein, Z. physiol. Chem., 1931, 202, 222; Ruzicka and Hofmann, 
Helv. Chim. Acta, 1936, 19, 114): finely ground cloves (50 kg.) were heated under reflux with 
ether (42 1.) for 48 hours. The ethereal solution was drawn off and concentrated to a bulk of 
81., and the concentrate set aside for 4 weeks. The dark green ethereal layer was then decanted 
from the thick oil which had settled. The oil was shaken with n-sodium hydroxide and the 
crystalline sodiuin salt was collected, repeatedly washed with sodium hydroxide solution, 
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dissolved in boiling 96% alcohol, and acidified with glacial acetic acid. The crude acid 
separating was crystallised twice from alcohol, giving oleanolic acid in fine needles, m. p. 302— 
304°, [a]? +83-3° (1 = 1, c = 0-6 in chloroform) (Found: C, 78-6; H, 10-7. Calc. for 
CyoH,,0,: C, 78-9; H, 106%). Repetition of the extraction with ether, the same procedure 
being used, gave a further quantity of oleanolic acid (total yield, 550 g.). Acetylation by the 
method of Wedekind and Schicke (Z. physiol. Chem., 1931, 195, 132) and crystallisation of the 
“‘ diacetyl’ compound from methyl alcohol gave acetyloleanolic acid in needles, m. p. 261— 
262°. Methyl acetyloleanolate separated from alcohol in needles, m. p. 216—218° [Winterstein 
and Stein, Z. physiol. Chem., 1931, 199, 71, give m. p. 218—220° (corr.)], [«]}” +'70-0° (/ = 1, 
c = 0-6 in chloroform) (Kitasato and Sone, Acta Phytochim., 1932, 6, 179, give [a]p) +70-4°) 
(Found: C, 77-5; H, 10-4. Calc. for C,;;H,,0O,: C, 77-3; H, 10-2%). Methyl ketoacetyldi- 
hydro-oleanolate separated from methanol in small rosettes of needles, m. p. 193—195° [prepared 
by the method of Ruzicka and Cohen, Joc. cit., who give m. p. 195—196° (corr.)] (Found : 
C, 74°65; H, 10-1. Calc. for C,,H,,0,: C, 74-9; H, 9-9%). 

Methyl isoKetoacetyloleanolate.-—Methyl ketoacetyldihydro-oleanolate (0-5 g.) in glacial 
acetic acid (50 c.c.) containing 2 drops of a solution of hydrobromic acid in acetic acid (40%) 
was treated at 40° with a solution of bromine in acetic acid (5 c.c.; 3%; 1 mol.), added drop- 
wise; the bromine was rapidly absorbed. An excess of bromine (2 mols.) was then added, and 
the mixture set aside for 16 hours at 20°. After addition of water, the excess of bromine was 
decomposed by sulphur dioxide, and the precipitated solid collected, washed with water, and 
dried in ether over sodium sulphate..The resin obtained on removal of the ether was crystal- 
lised thrice from methanol, from which methyl isoketoacetyloleanolate separated in small 
plates, m. p. 203—204° [Kitasato (Joc. cit.) gives m. p. 205°, and Ruzicka, Cohen, Furter, and van 
der Sluys-Veer (/oc. cit.) give m. p. 206—207° (corr.)]. It does not give a coloration with tetranitro- 
methane in chloroform (Found: C, 75-0; H, 9-3. Calc. for C,;,H,,0,: C, 75-2; H, 9-6%). 
Light absorption in alcohol: maximum at 2490 a., log « = 4-05 (Ruzicka, Cohen, Furter, and 
van der Sluys-Veer, Joc. cit., give maximum at 2480 a., log « = 4-1 for isoketoacetyloleanolic 
acid). 


Grateful acknowledgment is made to the Chemical Society and Imperial Chemical Industries, 
Ltd., for grants and to Dr. A. E. Gillam for the absorption spectra data. 
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225. The Reaction between Thiosemicarbazones and Maleic Anhydride. 
By Joun M’LEAN and F. J. Witson. 
In continuation of previous work on thiosemicarbazones and thiazoles, the authors 


have shown that thiosemicarbazones and 8-substituted thiosemicarbazones combine 
with maleic anhydride to yield thiazole derivatives. 


IT was shown by Andreasch (Monatsh., 1895, 16, 789; 1897, 18, 56) that thiourea reacted 
on heating with maleic or fumaric acid in aqueous solution, giving 2-imino-4-ketotetra- 
hydrothiazole-5-acetic acid : 


ee OS 
‘ : —BP S O 
NH:C(SH)-NH, +- CH(CO,H):CH(CO,H) ——> 


H-CH,°CO,H 
Diphenylthiourea reacted in a similar manner. Citraconic acid or its anhydride condensed 
similarly with thiourea or substituted thioureas. 

In continuation: of previous work (J., 1922, 121, 870; 1923, 128, 799; 1926, 2531; 
1937, 556) we have found that the thiosemicarbazones of acetone, acetophenone, 3-methyl- 
cyclohexanone and benzaldehyde condense with maleic anhydride on heating in benzene 
solution, yielding derivatives of 2 : 4-diketotetrahydrothiazole-5-acetic acid : 

CH:CH CRR’N-N:¢——NR” 
CRR’IN-N:C(SH)-NHR” + ©9 ©O S. © (1, R” =H) 
\i-cH,cog 

















[1939] Thiosemicarbazones and Maleic Anhydride. 1049 


The 8-phenylthiosemicarbazones of acetone, acetophenone, cyclohexanone, 3-methy]l- 
cyclohexanone and benzaldehyde reacted in a similar manner (R’” = Ph), as did the 
§-methylthiosemicarbazones of acetophenone and benzaldehyde (R’” = Me). 

We expected that hydrolysis of these compounds with dilute hydrochloric acid would 
give the hydrazone (I, CRR’ = H,), but the results were indefinite (cf. Stephen and 
Wilson, J., 1928, 1415). On heating with concentrated hydrochloric acid, however, 
2 : 4-diketotetrahydrothiazole-2-«-phenylethylidenehydrazone-5-acetic acid gave acetophenone, 
hydrazine dihydrochloride, and 2 : 4-diketotetrahydrothiazole-5-acetic acid : 


CRR'NNG—§R" CO—NR” 
CO +30 CRR'0+NH,+5 [0 
‘ -CH,CO,H H-CH,*CO,H 


(II; R = Me, R’ = Ph, R” =H) 


Some ammonium chloride and resin were formed also, apparently owing to further 
decomposition. 

Hydrolysis with concentrated hydrochloric acid of compounds of type (I, R” = Ph) 
produced resins and hydrazine dihydrochloride. However, 2 : 4-diketo-3-methyltetra- 
hydrothiazole-2-«-phenylethylidenehydrazone-5-acetic acid (I; R = R” = Me, R’ = Ph) with 
concentrated hydrochloric acid gave acetophenone, hydrazine dihydrochloride, and 2: 4- 
diketo-3-methyltetrahydrothiazole-5-acetic acid (II, R’’ = Me) together with some resin. 

The results of these methods of hydrolysis with concentrated acid show that the com- 
pounds produced by the addition of maleic anhydride to thiosemicarbazones or 8-substi- 
tuted thiosemicarbazones have the structure of type (I). 


EXPERIMENTAL. 


General Procedure.—The thiosemicarbazone or $-substituted thiosemicarbazone and maleic 
anhydride (equimolecular quantities) were heated in benzene or toluene, with in some cases 
addition of a little acetone to promote solution, under reflux for a certain time as indicated in 
each case. The products which separated on cooling were recrystallised; they were all micro- 


crystalline powders. 
2 : 4-Diketotetrahydrothiazole-2-isopropylidenehydrazone-5-acetic acid (I; R= R’ = Me, 
R” = H) (from acetonethiosemicarbazone in benzene-acetone, 15 minutes), m. p. 223° after 


recrystallisation from acetone-light petroleum (Found: C, 42:5; H, 49; N, 181. 
C,H,,0,N,S requires C, 41-9; H, 4-8; N, 18-3%). 

2 : 4-Diketotetrahydrothiazole-2-a-phenylethylidenehydrazone-5-acetic acid (I; R= Me, R’ = 
Ph, R” = H) (from acetophenonethiosemicarbazone in benzene, 1 hour), m. p. 244°, from alcohol 
(Found: C, 54:2; H, 4:5; N, 14-4. C,,H,,0,N,S requires C, 53-7; H, 4:5; N, 14-4%). 

2 : 4-Diketotetrahydrothiazole-2-3'-methylcyclohexylidenehydrazone-5-acetic acid (I; RR’ = 
C,H,Me, R’’ = H) (from 3-methyleyclohexanonethiosemicarbazone in benzene, 20 minutes), 
m. p. 209°, from alcohol—benzene (Found: N, 14-9. C,,H,,;ON,S requires N, 14-8%). 

2 : 4-Diketotetrahydrothiazole-2-benzylidenehydrazone-5-acetic acid (I; R= R”’ =H, R’= 
Ph) (from benzaldehydethiosemicarbazone in benzene—acetone, 20 minutes), m. p. 255°, from 
acetone (Found: N, 15-1, 15-3. CygH,,O3;N,S requires N, 15-2%). 

2 : 4-Diketo-3-phenyltetrahydrothiazole-2-isopropylidenehydrazone-5-acetic acid (I; R= R’' = 
Me, R” = Ph) (from acetone-8-phenylthiosemicarbazone in benzene—acetone, 4 hours), m. p. 
175—180°, from benzene—acetone (Found: N, 13-7. C,H,,0,N,S requires N, 13-8%). 

2 : 4-Diketo-3-phenyltetrahydrothiazole-2-a-phenylethylidenehydrazone-5-acetic acid (I; R= 
Me, R’ = R” = Ph) (from acetophenone-3-phenylthiosemicarbazone in toluene, 1} hours), 
m. p. 185°, from toluene (Found: N, 11-5. C,,H,,O,N,S requires N, 11-4%). 

2 : 4-Diketo-3-phenyltetrahydrothiazole-2-cyclohexylidenehydvazone-5-acetic Acid (I; RR’ = 
C,H,», R”’ = Ph).—cycloHexanone-8-phenylthiosemicarbazone was prepared by refluxing the 
ketone and §-phenylthiosemicarbazide in absolute alcohol on the water-bath for 2 hours; on 
cooling, the solution deposited the compound in needles, m. p. 114° after recrystallisation from 
light petroleum (Found: N, 17-1. C,3H,,N,S requires N, 17:0%). The thiazole, prepared from 
this phenylthiosemicarbazone in benzene (1 hour), was recrystallised from alcohol—benzene and 
melted at 218° (decomp.) (Found: N, 121. C,,H,,0O,N;S requires N, 12-2%). 
3Z 
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2 : 4-Diketo-3-phenyltetrahydrothiazole-2-3'-methylcyclohexylidenehydrazone-5-acetic Acid (I; 
RR’ = C,H,Me, R” = Ph).—3-Methylcyclohexanone-8-phenylthiosemicarbazone was prepared 
by refluxing equimolecular amounts of the ketone and $-phenylthiosemicarbazide in absolute 
alcohol on the water-bath for 1 hour. On cooling and addition of a little water the compound 
separated, m. p. 139° after recrystallisation from benzene-—light petroleum (Found: N, 15-9, 
16-0. C,H,,N,S requires N, 16-0%). The thiazole was prepared from this 8-phenylthio- 
semicarbazone in benzene (1 hour), and purified by addition of light petroleum to an alcoholic 
solution; it melted at 192° (Found: N, 11-7. C,gH,,0O,;N,;S requires N, 11-7%). 

2 : 4-Diketo-3-phenyltetrahydrothiazole-2-benzylidenehydrazone-5-acetic acid (I; R =H, R’ = 
R” = Ph) (from benzaldehyde-8-phenylthiosemicarbazone in benzene, 1} hours) melted at 
215° after recrystallisation from alcohol (Found: N, 11-7. C,gH,,O,N,S requires N, 11-9%). 

2 : 4-Diketo-3-methyltetrahydrothiazole-2-a-phenylethylidenehydrazone-5-acetic Acid (I; R= 
R” = Me, R’ = Ph).—Acetophenone-8-methylthiosemicarbazone was obtained by refluxing 
acetophenone with §-methylthiosemicarbazide in absolute alcohol for ? hour. The compound 
separated on cooling and after recrystallisation from alcohol melted at 135° (Found: N, 20-2. 
Ci9H43N;S requires N, 20-3%). The thiazole was prepared from this substance in benzene 
(5 hours); some resinous matter separated during the reaction. It was recrystallised from 
aqueous alcohol and melted at 154° (Found: N, 13-7. C,,H,;03;N,S requires N, 13-7%). 

2 : 4-Diketo-3-methyltetrahydrothiazole-2-benzylidenehydvazone-5-acetic acid (I; R=H, R’ = 
Ph, R’ = Me) (from benzaldehyde-3-methylthiosemicarbazone in benzene, 4 hours) was recrys- 
tallised from acetone containing a little water and melted at 188° (Found : N, 14:7. C,3;H,,;0,N,;S 
requires N, 14-5%). 

Hydrolysis Experiments.—2 : 4-Diketotetrahydrothiazole-2-a-phenylethylidenehydrazone-5- 
acetic acid was heated with concentrated hydrochloric acid for 30 minutes and then steam- 
distilled till no more acetophenone passed over. The cold solution was extracted ten times with 
ether; the extract on evaporation gave 2: 4-diketotetrahydrothiazole-5-acetic acid, m. p. 170° 
after recrystallisation from acetone—petrol (Tambach, Amnalen, 1894, 280, 241) (Found: C, 
34-5; H, 2-9; S, 18-6. Calc.: C, 34:3; H, 2-9; S, 18-4%). The aqueous portion on evapor- 
ation deposited hydrazine dihydrochloride, ammonium chloride, and a small quantity of resin. 

2 : 4-Diketo-3-methyltetrahydrothiazole-2-a-phenylethylidenehydrazone-5-acetic acid was 
hydrolysed as above. The ethereal extract on evaporation left a syrup, which on scratching 
and standing solidified and after recrystallisation from benzene was identified as 2 : 4-diketo- 
3-methyltetrahydrothiazole-5-acetic acid in poor yield; it melted at 99° (Kallenberg, Ber., 
1923, 56, 316) (Found: N, 7-5. Calc.: N, 7-4%). The aqueous portion on evaporation gave 
hydrazine dihydrochloride and a small amount of resinous matter. 


We thank Imperial Chemical Industries, Ltd., for a research grant. 
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226. The Configuration of Heterocyclic Compounds. Part X. The 
Optical Resolution of 10-Phenylphenoxarsine-10-oxide-2-carboxylic Acid. 


By Mary S. LEssLIE. 


The resolution of 10-phenylphenoxarsine-10-oxide-2-carboxylic acid is described. 
The optically active acids obtained had [a]?%, +36-4° and —29-7° in dilute aqueous 
ammonia. The active ammonium salt racemises slowly at 20°, and at 80° it has a 
half-life period of 6-4 minutes. Reduction to the parent phenylphenoxarsine acid was 
accompanied by complete loss of activity. 


It was found by Lesslie and Turner (J., 1936, 730) that oxidation of /-10-pheny]l- 
phenoxarsine-2-carboxylic acid was accompanied by complete loss of activity and it was 
therefore necessary to attempt the resolution of 10-phenylphenoxarsine-10-oxide-2- 
carboxylic acid for comparison with the parent phenylphenoxarsine acid. 

Several attempts have been made to demonstrate the molecular dissymmetry of arsenic 
oxides, but no positive result has hitherto been recorded (Burrows and Turner, J., 1921, 
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119, 426; Aeschlimann and McCleland, J., 1924, 125, 2025; Aeschlimann, J., 1925, 127, 
811). 
10-Phenylphenoxarsine-10-oxide-2-carboxylic acid (I) presents two possible sources of 
dissymmetry. It contains an asymmetric “ quinque’’-valent 

arsenic atom and in addition, if the molecule is possessed of a 

0.H “folded ’’ configuration, dissymmetry would again result. It 

2 was considered probable, however, that in the above oxide, 

owing to the similarity in size between the positively charged 

7™ arsenic and the oxygen atom, the stability of such a folded con- 

Ph O (1) figuration might be so decreased that optical activity dependent 
on it would not occur. 

The non-resolution of certain phenoxarsonium salts was ascribed by Lesslie and Turner 
to a similar instability in the folded configuration of the molecule (J., 1935, 1051). 

The above phenylphenoxarsine-oxide acid was found to be rather a weak acid and some 
difficulty was experienced in finding a salt suitable for resolution experiments. The 
quinidine and strychnine salts were examined, but during recrystallisation from various 
solvents there was a strong tendency for free acid to separate, and decomposition of several 
fractions of the salts obtained always gave the optically inactive acid. The cinchonidine 
salt was also prepared, but it remained as an oil. A number of fractions of oil were obtained 
by fractional precipitation with water from the ethyl-alcoholic solution and the acids 
obtained by the decomposition of these several fractions were found to be strongly optically 
active. 

The resolution was eventually achieved through the morphine salt. To a hot ethyl- 
alcoholic solution of the acid and its equivalent of morphine, ether was added and successive 
crops were obtained whose specific rotation in methyl alcohol varied from —66-7° to 
+17-9°. It was soon apparent that certain fractions consisted mainly of morphine salt 
and others were either free acid or free base. They were easily distinguished from each 
other by their relative solubility in methyl alcohol, the acid being the most sparingly 
soluble. 

The salts could be recrystallised from methyl alcohol-ether without change in compos- 
ition, whereas, from ethyl alcohol-ether, there was a tendency for free acid to separate. 

The highest value obtained for the specific rotation of morphine 1-10-phenylphenoxarsine- 
10-oxide-2-carboxylate was [«]?,, —88-7° in methyl alcohol. The alcoholic solution under- 
went mutarotation slowly at the ordinary temperature until the rotation was —57-0°; 
thereafter, no further change was observed. Experiments were carried out to determine 
the velocity constant for the racemisation of the above /-acid salt in methyl alcohol at 80° 
and at 100°, but the racemisation process was too slow for accurate determinations to be 
made. Heating its methyl-alcoholic solution in a sealed tube for 14 hours at 100° effected 
complete racemisation of the salt. 

The lowest value obtained for the rotation of the d-acid salt was [«],7, —35-3° in methyl 
alcohol. Recrystallisation raised the value of its rotation to that of either the partial 
racemate ({«]2%, —57-0° approx.) or the /-acid salt. It was possible by varying the 
conditions of crystallisation to effect an asymmetric transformation of Kuhn’s “ second 
order ’’ and obtain only one of the diastereoisomeric salts, viz., that of the /-acid salt (Ber., 
1932, 65, 49). When crystallisation from methyl alcohol-ether took place at 0°, the salt 
which separated had approximately [a], —88°, and when the crystallisation occurred 
more slowly at the ordinary temperature, the salt which separated was contaminated with 
racemate. The d-acid salt was obtained by concentrating under diminished pressure the 
mother-liquor from the /-acid salt and adding ether to the residual alcoholic solution. 

The salts were decomposed by adding ice-cold dilute hydrochloric acid to a suspension 
of the salt in methyl alcohol. The acid was purified by dissolving it in ice-cold, dilute 
aqueous ammonia and precipitating the acid by addition of ice-cold, dilute hydrochloric 
acid. The active acids were very sparingly soluble in most organic solvents, and their 
rotation was most conveniently measured in dilute ammonia solution. 

The highest value obtained for the rotation of the /-acid from the morphine salt was 
[a]2%, —11-7°, in dilute aqueous ammonia, and for the d-acid, [«]3%5, +4-0°. 

3 z* 
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During the resolution, two fractions of free acid separated, one having [a]3?,, +33:-1°, 
and the other having [«]}}, —29-7° in dilute aqueous ammonia. Purification through the 
ammonium salt raised the rotation of the d-acid to +36-4°, but the rotation of the /-acid 
remained approximately the same. The ammoniacal solutions underwent mutarotation 
slowly at the ordinary temperature. 

The half-life period of the active ammonium salt at 80° was 6-4 minutes, and at 50° it 
was 35 minutes. 

Reduction of the active oxide acid gave 10-phenylphenoxarsine-2-carboxylic acid, 
which was optically inactive. 

During the resolution, there was no evidence whatever of the oxide acid undergoing 
reduction to the parent phenylphenoxarsine acid, as was observedin the attempted resolution 
of the corresponding phenoxselenine-oxide acid by Thompson and Turner (J., 1938, 29). 

The instability of this phenylphenoxarsine-oxide acid is in contrast to the high optical 
stability shown by p-carboxyphenylmethyilethylarsine sulphide, resolved by Mills and 
Raper (J., 1925, 127, 2479), and it may be associated with the ready hydration of arsine 
oxides to arsine dihydroxides. 

Attempts to prepare 10-phenylphenoxarsine-10-sulphide-2-carboxylic acid were 
unsuccessful and always resulted in the production of the 10-phenylphenoxarsine acid only. 


EXPERIMENTAL. 


For the purification of large quantities of 10-phenylphenoxarsine-10-oxide-2-carboxylic 
acid, dilute acetic acid is a more convenient solvent than the dilute alcohol recommended by- 
Lesslie and Turner (J., 1936, 730). 

Resolution.—15 G. of the dl-acid and 11-9 g. of morphine (1 mol.) were dissolved in 1150 c.c. 
of ethyl alcohol. To the hot filtered solution, ether (2 1.) was added, and the solution allowed 
to cool to the ordinary temperature. 10-2 G. of salt A were deposited having [«]7,, —66-7° 
in methyl alcohol (J = 2; c = 0-562; aj, = —0-75°). (Owing to the sparing solubility of 
the salts, it was necessary to heat in order to effect their complete solution in methyl] alcohol.) 
Most of the ether was removed by distillation from the mother-liquor from A, and a second crop. 
separated, B (1-9 g.), which had [«]%,, +17-9° in methyl alcohol (1 = 2; ¢ = 0-392; a}, = 
+0-14°). This fraction was much more sparingly soluble in methyl alcohol than 4 and it was 
later found to be free acid. The mother-liquor from B was concentrated under diminished 
pressure until only about half of the alcohol remained, Ether was then added to the residual 
solution and 3 g. of salt C were obtained which had [«]?%, —76:7° (i = 2; c = 0-6195; «3%, = 
—0-95°). Similar treatment of the mother-liquor from C (viz., concentration of the alcoholic 
solution under diminished pressure and subsequent addition of ether) was repeated and a series 
of crops were obtained; D (2 g.) with [a]?,, —41-6°; E (1-6 g.) with [a]#,, —41-2°. These 
two salts were more soluble than the preceding crops and mutarotation was first observed in 
their methyl-alcoholic solutions. Treatment of the mother-liqugr from E gave 3-7 g. of a 
substance, which was readily soluble in cold methyl alcohol and had [a]?%, —104-7°. This was 
free base. 

Salt A was treated with 300 c.c. of boiling methyl alcohol. The suspension was kept at the 
b. p. for a few minutes and filtered hot. 3-4 G. of salt remained undissolved and had [a]?,, 
— 86-9° in methyl alcohol (J = 2; c = 0-512; aj%, = —0-89°). After 20 hours at the ordinary 
temperature, the rotation of this solution had fallen to [a]}%, —66-4° (aj, = —0-68°). After 
a second similar extraction of the above salt, 2-1 g. of salt were obtained with [«]}%, —87-3°. 
Ether was added to the hot filtrate and the solution was put in the ice-chest; 0-6 g. of salt was 
obtained, having [«]}%, —88-5° (f = 2;,c = 0-61; aft, = —1-08°). 

To the first methyl-alcoholic extract, ether was added, and the solution kept at the ordinary 
temperature. 4-9 G. of salt separated which had [«]?%), —58-2° in methyl alcohol. An 
extraction of this salt was carried out as above but with ethyl alcohol; 0-85 g. of salt remained 
undissolved and it had [«]2, —76-6° in methyl alcohol. On addition of ether to the ethyl- 
alcoholic solution, 1-25 g. of solid were obtained which was very sparingly soluble in methyl 
alcohol. It had [«]?%,, —28-0° in methyl alcohol (J = 2; c = 0-268; «2%, = —0-15°) and was 
found to be free acid. It was dissolved in ice-cold, dilute aqueous ammonia, and the acid 
precipitated with ice-cold dilute hydrochloric acid. The acid then had [«]?,, —29-7° in dilute 
aqueous ammonia (1 = 2; c = 0-69; aj, = —0-41°). Further purification through the 
ammonium salt did not raise the specific rotation. 
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Substance B dissolved readily in dilute aqueous ammonia, the solution having [«]?%, +33-1° 
(1 = 2; c= 0-559; af%, = +0-37°). The solution underwent mutarotation at the ordinary 
temperature and the final observed angle was —0-09°, indicating that a little morphine was 
present. This fraction was therefore dissolved in dilute aqueous ammonia, cooled to —10°, 
and the filtered ammoniacal solution acidified with dilute hydrochloric acid, also cooled to 
—10°. The resulting acid was filtered off, dried, and its rotation measured in ammoniacal 
solution. (Only the amount of dilute aqueous ammonia necessary to effect solution was added 
to the aqueous suspension of the acid.) It had [«]}%, +36-4° (1 = 2; c=0-57; a2, = 
+0-56°). 

Salt C was recrystallised from methyl alcohol-ether and cooled quickly at 0°; 1-5 g. of salt 
were obtained, having [«]?}), —84-5° in methyl alcohol. After 16 hours (at room temperature) 
the rotation had fallen to [«]?%,, —67-2°. 

Salts D and E were combined and recrystallised from methyl alcohol-ether and cooled to the 
ordinary temperature; 1:4 g. of salt were obtained having [a]}#%, —57-0° (1 = 2; c = 0-509; 
a2, = —0-58°). After extraction with boiling methyl alcohol, the salt had [a]?%, —53-8°. 
Decomposition of this fraction gave the racemic acid. The mother-liquor from the above 
crystallisation was concentrated under diminished pressure, and ether added to the residual 
alcoholic solution; 0-7 g. of salt was obtained having [«]}?,, —35-3° in methyl] alcohol (/ = 2; 
c = 0-623; af, = —0-44°). 

The mother-liquors from all the extractions and crystallisations were combined, and all the 
solvent removed by distillation. The residue was extracted with boiling methyl alcohol as 
before; 0-5 g. of salt remained undissolved and had [«]},, —86-3°. To the hot methyl-alcoholic 
extract, ether was added, and the solution cooled quickly to 0°; 0-7 g. of salt separated having 
[«]$701 —81-0° in methyl alcohol. 

Morphine 1-10-phenylphenoxarsine-10-oxide-2-carboxylate crystallised from methyl alcohol- 
ether in spherical aggregates of rhombic crystals, m. p. 245—246° (decomp.). It had [a]?%, 
—88-5° and [a]%%, —101-6° in methyl alcohol (} = 2; c= 0-61; af, = —1-08°; a%, = 
—1-24°). Further crystallisation did not raise the rotation (Found: C, 65-1; H, 51. 
C,9H,,0,As,C,,H,,0,N requires C, 65°0; H, 49%). 

Morphine d-10-phenylphenoxarsine-10-oxide-2-carboxylate separated from methyl alcohol- 
ether in small plates, m. p. 241—243° (decomp.) with slight previous softening. It had 
[oc]2%. —35-3° and [a]%f{,, —38-5° in methyl alcohol (1 = 2; c = 0-623; a2, = —0-44°; 
ats, == —0°48°). Recrystallisation converted it either into the partially racemic salt or into 
the /l-acid salt (Found: C, 63-3; H, 4-6. C,,H,,;0,As,C,,H,,O,N,H,O requires C, 63-3; 
H, 5-0%). ° 

The diastereoisomeric salts racemised very slowly at the ordinary temperature. The rotation 
of a methyl-alcoholic solution of the /-acid salt, initially [«]#%,, —87-3° («2%, = —1-06°), had 
changed to [a]?%, —57-7° (a3%, = —0-70°) after 24 hours at 20°. In another experiment, a 
methylalcoholic solution of the /-acid salt, having [a]}%j, —86-3° (af, = —1-02°), was heated 
in a sealed tube at 100° for 1} hours. The rotation was then [a]}, —57-5° (a, = —0-68°). 
Again, a methyl-alcoholic solution of the d-acid salt, with an initial rotation [«]?%), —41-2° 
(a2¢, = —0-70°), underwent mutarotation and after standing at 19° for 2 days had [a]?, 
— 62-4° (03%, = —1-06°). 

Decomposition of the purest /-acid salt obtained gave an active acid which had [«]},, —11-7° 
and [a]?%, —12-5° in dilute aqueous ammonia (] = 2; ¢ = 0-641; a3, = —0-15°; a2, = 
—0-16°). The-acid obtained from the decomposition of the purest d-acid salt had [«]?%, + 4-0° 
(2%, = +0-05°). 

1-10-Phenylphenoxarsine-10-oxide-2-carboxylic acid melted at 313—315° with slight previous 
softening. The purest -aeid obtained had [a]},, —29-7° and [«]%{4, —36-2° in dilute aqueous 
ammonia (}= 2; c = 0-69; ogo, = —O-41°; affe, = —0-50°) (Found: C, 60-1; H, 3-4. 
C,,H,,;0,As requires C, 60-0; H, 3-45%). 

d-10-Phenylphenoxarsine-10-oxide-2-carboxylic acid melted at 312—314° with slight previous 
softening. The purest d-acid obtained had [a]5%, +36-4° and [a]. +43-5° in dilute aqueous 
ammonia (1 = 2; c = 0-57; af%, = +0-56°; af% = +0-67°) (Found: C, 60-1; H, 3-4%). 

The active acids racemised very slowly in dilute aqueous ammonia at 20°. The half-life 
period of the acid was determined at 80° and 50°. An ammoniacal solution of the d-acid, which 
had «2%, = +0-56°, was heated in a sealed tube at 80° for 30 minutes; it then had 2%, = 
+0-01°. The value of 1/é . logy%)/a, was 0-047. Similarly, a solution of the /-acid, which 
initially had «2%, = —0-15°, after heating for 15 minutes at 80°, had af},, = —0-03°, hence 
1/t . logyg %»/a, is 0-047; the half-life period of the acid ion at 80° is therefore 6-4 minutes. 
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The half-life period of the acid in dilute aqueous ammonia was also determined at 50°, and 
the following observations made : 


Time arene Sutnantnenepinpatenieatineretin 0 10 30 90 
amr tees iasoneesennnetaueneins +0-39° +0-32° +0-21° +0-07° 
1/t . logy ray exenep uve sseunnscesotepeesiess ae 0-0086 0-0089 0-0083 


The average value for & is therefore 0-0086, hence the half-life period of the acid ion at 50° is 35 


minutes. 

The acid recovered from all the racemisation experiments melted at 320° and was the racemic 
oxide acid. 

Throughout the resolution there was no trace of the reduced acid; the latter melts at 206— 
207° and the active reduced acid melts at 189—190°. 

Reduction.—0-5 G. of the active oxide acid was suspended in dilute hydrochloric acid, and a 
little iodine added. Sulphur dioxide was passed through the warmed suspension for 15 minutes. 
The reduced acid obtained was optically inactive. 

The reduction was attempted with sodium hyposulphite. The oxide acid was ground with 
aqueous sodium hyposulphite solution, but only partial reduction was effected. The reduced 
acid isolated was optically inactive and the oxide acid recovered was unchanged in its specific 


rotation. 


The author thanks the Chemical Society for a grant and Dr. E. E. Turner, F.R.S., for his 
interest in the work. 
[Received, May 13th, 1939.] 
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227. The Constituents of Natural Phenolic Resins. Part XV. 
The Stereochemical Relationship of Lariciresinol and Pinoresinol. 


By Rospert D. HAwortH and Davip Woopcock. 


Reduction of d-lariciresinol dimethyl ether (I; R = Me) in presence of a palladised 
charcoal catalyst yields a levorotatory diol (II; R = OMe), the structure of which is 
established by oxidation with sodium hypobromite to /-matairesinol dimethyl ether. 
Similarly d-pinoresinol dimethyl ether (IV; R = OMe) may be reduced either partially 
to d-lariciresinol dimethyl ether or completely to the levorotatory diol (II; R = OMe). 
The reduction of /-olivil dimethyl ether (VII)to the ériol (VIII) supports the suggestion 
of Bruchhausen and Gerhard (Ber., 1939, 72, 830) that reduction is limited to the benzyl 
ether linkages. The results establish the structural formule previously suggested for 
lariciresinol and pinoresinol and indicate a common stereochemical configuration. 


In previous experiments (Haworth and Kelly, J., 1937, 384) attempts to reduce d-lari- 
ciresinol (I; R =H) and its derivatives by catalytic methods were unsuccessful, but 
reduction of d-lariciresinol os ether (I; R = Me) has now been effected in glacial 


mis H,-OH 
Me 
(I.) RO ae Xe (II.) 
ON 


HO-CH, 


acetic acid solution in presence of a palladised charcoal catalyst, prepared in an all-glass 
apparatus. The reduction product is a levorotatory diol, CygH3,0,, m. p. 122°, which gave 
an anhydro-derivative on treatment with potassium hydrogen sulphate, and veratric acid 
on oxidation with potassium permanganate. Zerewitinoff determinations showed the 
presence of two active hydrogen atoms, no acetic acid was detected by the Kuhn-Roth 
method, and structures (II; R = OMe) and (III; R = OMe) were established for the diol 
and its anhydro-derivative respectively by oxidising the diol with sodium hypobromite in 
aqueous dioxan to/-matairesinol dimethylether. The yield of 30% was most satisfactory in 
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view of the proved instability of /-matairesinol dimethyl ether towards hypobromite (J., 
1938, 797), and the conversion provides conclusive proof of the diol structure. 

Erdtmann (Amnalen, 1935, 516, 612) was unable to reduce d-pinoresinol dimethyl ether 
(IV; R =OMe) with hydrogen in presence of platinic oxide and Robinson and Smith 
(J. Proc. saat Soc. N.S.W., 1915, 48, 458) failed to reduce /-eudesmin (the optical antipode 


H. 

\ 
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H, 
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(IV.) 


of d-pinoresinol dimethyl ether) in presence of colloidal palladium. It has now been dis- 
covered that d-pinoresinol dimethyl ether may be reduced in acetic acid solution in presence 
of the active palladised charcoal, either partially to d-lariciresinol dimethyl ether (I; R = 
Me) or completely to the levorotatory diol (II; R = OMe). 

The observations of Bruchhausen and Gerhard (Ber., 1939, 72, 830), published during 


H CH 
Me *"\CH-CH Me \CH-CH,-OH 
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H-CH, H-CH,OH 
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Me 
Me 


the course of our experiments, strongly support the structure (II; R = OMe) assigned to the 
diol. These investigators reduced d-sesamin (IV; RR = CH,O,) to an optically active 
diol identical with /-dihydrocubebin (II; RR = CH,0,), the structure of which is established 
(Ishiguro, J. Pharm. Soc. Japan, 1936, 56, 68; Haworth and Kelly, Joc. cit.). Bruchhausen 
and Gerhard advance the interesting and reasonable suggestion that the reduction of 
d-sesamin is confined to the piperonyl ether linkages and consider their results pret 
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. bao are R \\CH-CH,OH 
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Me 


structure (IV; RR =CH,O,) for d-sesamin and exclude the alternative (V; RR = 
CH,O,). Ina similar way we believe that the results now reported support (IV; R = OMe) 
and (I; R = Me) and exclude the alternatives (V; R = OMe) and (VI) for d-pinoresinol 
and d-lariciresinol dimethyl ethers respectively. In the presence of the active catalyst 
l-olivil dimethyl ether (VII) has been reduced to a levorotatory ¢riol, for which structure 
(VIII) is advanced. Attempts to reduce this triol by catalytic methods were unsuccessful 
in accordance with the suggestion that reduction is limited to the benzyl ether linkages. 
The reduction of d-pinoresinol dimethy] ether (IV; R = OMe) to d-lariciresinol dimethyl 
ether (I; R = Me) establishes the configurational relationship of the two lignans and further- 
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more the observed optical activity of the diol (II; R = OMe) indicates that the two hydro- 
gen atoms attached to the di-propylbenzene junction are “cis ’’ in both lariciresinol and 
pinoresinol. This arrangement has been suggested previously for pinoresinol (Erdtmann, 
Svensk Kem. Tids., 1936, 48, 236) and a “ trans”’ arrangement is probable for /-olivil 
dimethyl ether (Vanzetti and Dreyfuss, Rend. R. Accad. Lincei, 1937, 25, 133) and the lac- 
tonic lignans (J., 1938, 1985; this vol., p. 154, and earlier communications). The numerous 
interconversions realised in the lignan group, the more important types of which are 
summarised in the table, find a simple explanation on the basis of a common stereochemical 
configuration, and the experimental work is at present entirely consistent with the suggestion 
advanced in 1937 (Ann. Reports, 1936, 38, 277; J., 1937, 1645; Vanzetti and Dreyfuss, 
loc. cit.) that the configurations of members of the lignan group may be derived from an 
optically active form of a compound of type (II) : 


l-Hinokinin —-> /-Matairesinol dimethyl ether <—— /-Arctigenin 
l-Cubebin l-Diol (II; R = OMe) l-Conidendrin dimethyl ether 
l-Diol (II; RR = CH,0O,) 


d-Sesamin —-> d-Pinoresinol dimethyl ether —-> d-Lariciresinol dimethyl ether 


The synthesis of optically inactive forms of diols of types (II) and (IX) has already been 
effected, and the results of these and other synthetical experiments will be reported in a 
later communication. 


EXPERIMENTAL. 


«8-Di-(3 : 4-dimethoxyphenyl)-By-di(hydroxymethyl)butane (II; R = OMe).—The absence of 
rubber connections is essential in the preparation of the 15% palladised charcoal catalyst and 
also in the reduction experiments described below. 

d-Lariciresinol dimethyl ether (I; R = Me) or d-pinoresinol dimethyl ether (IV ; R = OMe) 
(0-2 g.) was dissolved in glacial acetic acid (10 c.c.) and shaken in a hydrogen atmosphere in the 
presence of the catalyst (0-2 g.). After 5 hours a further quantity (0-1 g.) of catalyst was intro- 
duced, and the agitation continued for another 7 hours; 12 and 25 c.c. respectively of hydrogen 
were absorbed. After filtering from the catalyst, the acetic acid was removed under diminished 
pressure, the residual gum taken up in ether, washed with dilute sodium hydroxide solution, and 
dried, and the solvent removed. The crystalline residue separated from ether containing a 
little methyl alcohol in stout prisms (0-14 g.), m. p. 121—122° (Found: C, 67-5; H, 7-9; OH, 
9-1. Cy,H,,O, requires C, 67-7; H, 7-7; 20H, 8-7%); in chloroform * (c, 1-142), [a]}?" — 26-2°. 
This diol (II; R = OMe) (0-1 g.) was heated with potassium hydrogen sulphate (0-2 g.) at 180° 
for 4 hour; the product, isolated with chloroform and washed with dilute sodium hydroxide 
solution, yielded 3: 4-di+(3’ : 4’-dimethoxybenzyl)tetrahydrofuran (III; R= OMe), which 
crystallised from methyl alcohol in large prisms (0-08 g.), m.p. 118—119° (Found: C, 70-7; 
H, 7-6. C,,.H,,O, requires C, 71-0; H, 7-5%); in chloroform (c, 0-7776), [a]l7" — 58-9°. A 
solution of the diol (II; R = QMe) (0-2 g.) in acetone (20 c.c.) was treated with finely powdered 
potassium permanganate (1-0 g.) and, after remaining in the cold for 12 hours, the mixture was 
refluxed for 2 hours. A hot dilute sodium hydroxide extract of the manganese dioxide residue 
was acidified,.and the product, isolated with ether, crystallised from hot water; veratric acid 
(0-08 g.), m. p. 180°, was obtained. 

A solution of bromine (0-6 c.c.) in 10% sodium hydroxide solution (15 c.c.) was gradually 
added to a solution of the diol (II; R = OMe) (0-5 g.) in freshly distilled dioxan (10c.c.). The 
solution was refluxed for 3 hours, most of the dioxan was removed, and, after saturation with 
sulphur dioxide, the solution was acidified with dilute sulphuric acid and extracted with chloro- 
form. The solvent was removed, the residual gum boiled for 10 minutes with 5% methyl- 
alcoholic potassium hydroxide (5 c.c.) and diluted, and the methyl alcohol removed. Neutral 
matter was extracted with ether and, after the alkaline layer had been boiled for 15 minutes with 


* All ap values were determined in a micro-polarimeter tube. 
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excess of dilute hydrochloric acid, sodium bicarbonate was added, and the lactonic material 
isolated with chloroform. Removal of the solvent gave an oil, which after two crystallisa- 
tions from methyl alcohol yielded /-matairesinol dimethyl ether (0-15 g.), m. p. 125°, undepressed 
by admixture with an authentic specimen. Acidification of the bicarbonate solution yielded 
veratric acid (0-1 g.), m. p. 180° after crystallisation from hot water (carbon). 

Reduction of d-Pinoresinol Dimethyl Ethey (IV; R = OMe) to d-Lariciresinol Dimethyl 
Ether (I; R = Me).—The reduction, carried out as described above, was interrupted after 4 hours ; 
14 c.c. of hydrogen were absorbed. The product, recovered from the acetic acid, was dissolved 
in a little ether and inoculated with d-lariciresinol dimethyl ether; the colourless prisms (0-08 
g.), m. p. 70° (Found: C, 67-8; H, 7-4. Calc. for C,,H,,0,: C, 68-0; H, 7-3%), which 
gradually separated were identified by direct comparison with an authentic specimen. In 
chloroform (c, 1-252), [aJi8° 21-5°. This experiment was repeated on three occasions, but the 
product from a fifth experiment did not crystallise. The presence of d-lariciresinol dimethyl 
ether (I; R = Me) was, however, readily demonstrated by refluxing for } hour with acetyl 
chloride (2 ¢.c.); conversion into the oily diacetate of d-isolariciresinol dimethyl ether (IX; 
R = OMe) then occutted. Hydrolysis with 5% methyl-alcoholic potassium hydroxide yielded 
d-isolariciresinol dimethyl ether, which separated from ether—methy] alcohol in slender needles, 
m. p. 167—168° (Found : C, 67-7; H, 7-6%); in chloroform (c, 1-978), [aJi”" = 16-4°. Identity 
was established by direct comparison and by conversion into anhydroisolariciresinol dimethyl 
ether, which was obtained in prisms, m. p. 146—147°, from methyl alcohol (Found: C, 71-3; 
H, 7-2. Calc. for C,,H,,0,: C, 71:4; H, 7-1%). 

«-Hydroxy-a8-di-(3 : 4-dimethoxyphenyl)-B-y-di(hydroxymethyl)butane (VIII).—/-Olivil dimethyl 
ether (VII) (0-2 g.) was reduced for 12 hours as described above in the preparation of the diol 
(II; R = OMe); 14c.c. of hydrogen were absorbed. The product, isolated in the usual manner, 
crystallised from ether or methyl alcohol in stout prisms, m. p. 137—138° (Found: C, 64-9; 
H, 7-5; OH, 13-2. C,,.H3,O, requires C, 65-0; H, 7-4; 30H, 126%); in chloroform (c, 0-646), 
[a]i7' = — 14-7°. Attempts to dehydrate this friol (VIII) with potassium hydrogen sulphate, 
80% formic acid, or acetyl chloride yielded intractable products. 

UNIVERSITY GF DURHAM, KING’sS COLLEGE, 

NEWCASTLE-UPON-TYNE. [Received, May 16th, 1939.] 





228. Pyrido(1’: 2’: 1: 2)benziminazoles and Allied Compounds 
(Cyclic 1: 3-Diazalines). Part II. 
By Sit GILBERT MorGAN and JESSIE STEWART. 


The object of the present investigation was to ascertain whether the condensation 
described in Part I (J., 1938, 1292), yielding cyclic 1 : 3-diazalines, could be generalised 
still further and an extension has now proved to be practicable. The N-2’ : 4’-di- 
nitrophenyl derivatives of 2-aminopyridine, 2-aminoquinoline and 1-aminoisoquinoline 
can be made to lose the elements of nitrous acid, giving rise by ring closure to the 
corresponding 7-nitro-4 : 5-benz-1 : 3-diazalines, which are convertible successively into 
7-amino-4 : 5-benz-1 : 3-diazalines and into the unsubstituted 4: 5-benz-1 : 3-di- 
azalines. 

Moreover N-2' : 4’-dinitro-1’-naphthyl derivatives of the foregoing «-amino- 
pyridine and analogues undergo similar condensations to cyclic 1 : 3-diazalines 
containing a naphthalenoid residue. 

The replacement of picryl chloride in these reactions by the readily available 1- 
chloro-2 : 4-dinitrobenzene is a matter of considerable technical utility in the application 
of cyclic 1: 3-diazalines as intermediates for the production of dyes or therapeutic agents. 

The employment of 1-chloro-2: 4-dinitronaphthalene in such condensations 
indicates further that this diazaline reaction is capable of wide application to other 
N-2 : 4-nitro-aryl derivatives of «-aminopyridine and analogous bases. 


In Part I (J., 1938, 1292) the N-picryl derivatives of the «~amino-compounds of pyridine, 
8-picoline, quinoline, ¢soquinoline and phenanthridine were shown to lose the elements of 
nitrous acid with ring closure, thereby furnishing dinitro-derivatives of a group of hydro- 
aromatic diamines, the pyrido(l’ : 2’ : 1 : 2)benziminazoles (cyclic 1 : 3-diazalines). Sub- 
sequent experiments have proved that under suitable conditions N-2’ : 4’-dinitrophenyl-2- 
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aminopyridine (I) may be made to undergo ring closure to the corresponding | : 2-pyrido-7- 
nitro-4 : 5-benz-1 : 3-diazaline (II, R = NO,). 


AS JN 
NO, C) ti NO JNO, — LX R 
(Ia) 


(II, R = NO,.) 


(I) a of Picryl Chloride by 1-Chloro-2 : 4-dinitrobenzene.—This simpler 

condensation has now been extended to the N-2’ : 4’-dinitrophenyl 

OV ¢* derivatives of 2-aminoquinoline and l-aminoisoquinoline with the 

R result that 1 : 2-quinolo-7-nitro-4 : 5-benz-1 : 3-diazaline (III, R = 

NO,) and 1 : 2(2’ : 1’)-isoguinolo-7-nitro-4 : 5-benz-1 : 3-diazaline (V; 

R =H, R’ = NO,) are now obtainable by a ring closure which 

leaves no ambiguity in either case with respect to the position of 

= the nitro-group, so that subsequent reduction yields a base of 
known constitution (III, R = NH,, and V, R = H, R’ = NH,). 

(A) 1: 2-Pyrido-1 : 3-diazalines—By the preparation of 1 : 2-pyrido-7-nitro-4 : 5- 
benz-1 : 3-diazaline (II, R = NO,) from N-2’ : 4’-dinitrophenyl-2-aminopyridine (I) an 
ambiguity left over from the picryl-2-aminopyridine condensation (J., 1938, 1294) has been 
clarified. The immediate product of the latter ring closure was 1 : 2-pyrido-7 : 9-dinitro- 
4 : 5-benz-1 : 3-diazaline, and when this dinitro-compound was partially reduced to a 
nitroamine there remained the uncertainty as to which of the two nitro-groups had under- 
gone reduction. Accordingly successive diazotisation of the nitroamine and elimination 
of the diazonium group still left the constitution of the resulting mononitrodiazaline 
uncertain. Its identity with the above 1 : 2-pyrido-7-nitro-4 : 5-benz-1 : 3-diazaline shows, 
however, that it was the 9-nitro-group which underwent reduction and subsequent elimin- 
ation by means of the diazo-reaction. The amine resulting from the reduction of the 
7-nitro-derivative will have the constitution (II, R = NH,). 

Finally the two series of derivatives, one from picryl-2-aminopyridine and the other 
from N-2’ : 4’ dinitrophenyl-2-aminopyridine, are proved to have the same 1 : 3-diazaline 
configuration by eliminating either both amino-groups from 1 : 2-pyrido-7 : 9-diamino- 
4 : 5-benz-1 : 3-diazaline (loc. cit., p. 1293) or the single amino-group from 1 : 2-pyrido-7- 
amino-4 : 5-benz-1 : 3-diazaline (p. 1060); 1 : 2-pyrido-4 : 5-benz-1 : 3-diazaline (II, R = H) 
is obtained in both cases. 

(B) 1 : 2-QOuinolo-1 : 3-diazalines.—Ring closure with N-2’ : 4’-dinitrophenyl-2-amino- 
quinoline leads to 1 : 2-quinolo-7-nitro-4 : 5-benz-1 : 3-diazaline (III, R = NO,), which is 
identical with the mononitrodiazaline formerly obtained (J., 1938, 1302) by eliminating 
the amino-group from a nitroamine then described as 1 : 2-quinolo-7 : 9(or 9 : 7)-nitro- 
amino-4 : 5-benz-1 : 3-diazaline. The ambiguity implied in the alternative rendering is 
removed, for the nitro-group and the amino-radical produced on reduction (III, R = NH,) 
are now both located in position 7. That the ring closures from picryl-2-aminoquinoline 
and N-2' ; 4’-dinitrophenyl-2-aminoquinoline are both of diazaline type is proved by the 
fact that the unsubstituted diamine, 1 : 2-quinolo-4 : 5-benz-1 : 3-diazaline (I11, R = H), 
is the end product in both series. It has now beeen obtained either by eliminating both 
amino-groups from 1 : 2-quinolo-7 : 9-diamino-4 : 5-benz-1 : 3-diazaline (loc. cit., p. 1303) 
or by removing the single amino-group from 1 : 2-quinolo-7-amino-4 : 5-benz-1 : 3- 
diazaline (p. 1061). 

(C) 1: 2(2’: 1’)-isoQuinolo-1 : 3-diazalines—In the earlier communication it was 
pointed out (loc. cit., p. 1296) that a ring closure with picryl-l-amino#soquinoline must be of 
diazaline type, since any «-carboline formation was precluded owing to the structure of 
isoquinoline. The dinitrodiazaline (V; R = R’ = NO,) then obtained was reduced to a 
diamine which, on elimination of both amino-groups through the diazo-reaction, was 
converted into the unsubstituted 1 : 2(2’: 1’)-tsoquinolo-4 : 5-benz-1 : 3-diazaline (V; 
R = R’ = H). 

In the present investigation 1 : 2(2’: 1’)-tsoquinolo-7 : 9-dinitro-4 : 5-benz-1 : 3- 
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diazaline (V; R = R’ = NO,) has been reduced in stages and the intermediate nitroamine 
has been shown to be 1 : 2(2’ : 1’)-isoguinolo-7-nitro-9-amino-4 : 5-benz-1 : 3-diazaline (V; 


hi. b., NO, 


vS ~ Bey ~ Ces, 


(IV.) (V; R =R’ = NO,) 


me (Vv; R =H, R’ = NH,) 


OO 2 MY Oe mtd | 
1a NH No Jno, Xf Cm (V; R=R’ =H) 


R = NH, R’ = NO,) by saint its its amino-group, since the resulting nitro-compound 
is identical with 1 : 2(2’: 1’)-isoguinolo-7-mitro-4 : 5-benz-1 :3-diazaline (V; R=H, 
R’ = NO,), obtained as the immediate product of the ring closure of N-2’ : 4’-dinitrophenyl- 
1-aminoisoquinoline (V1). 

On reduction, this nitro-product (V; R =H, R’ = NO,) of known constitution yields 
1 : 2(2’ : 1’)-isoguinolo-7-amino-4 : 5-benz-1 : 3-diazaline (V; R=H,R’ = NH,), from which 
by elimination of the amino-group 1 : 2(2’ : 1’)-tsoquinolo-4 : 5- benz-1 : 3-diazaline (V; 
R = R’ = H) is obtained. This end product has now been obtained both from picryl-1- 
aminozsoquinoline (IV) and from N-2’ : 4’-dinitropheny]l-l1-aminoisoquinoline (VI). 

(II) Replacement of Picryl Chloride by 1-Chloro-2 : 4-dinitronaphthalene.—The diazaline 
condensation has been generalised still further by employing N-2’ : 4’-dinitro-1’-naphtnyl- 
derivatives of 2-aminopyridine, 2-aminoquinoline, and l-aminoisoquinoline. Ring closure 
leads respectively to the formation of 1 : 2-pyrido-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline 
(VII, R = ~~ 1 : 2-quinolo-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (VIII, R = NO,) 
and 1 : 2(2’: 1’)-isoguinolo-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (IX, R = NO,). 


wey) Coe Cry 


sili 
(VII.) (VIII.) (IX.) 

(D) Each of these three eae. : 9-benzo-4 : 5-benz-1 : 3-diazalines (VII, VIII, 
IX; R = NO,) is reduced to the corresponding 7-amino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline 
(VII, VIII, IX; R = NH,) and by elimination of the primary amino-group from the latter 
base, each monoamino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline is converted into the unsub- 
stituted diazaline (VII, VIII, IX; R = H) ofa new series which contains a naphthalenoid 
nucleus arising from the use of 1-chloro-2 : 4-dinitronaphthalene. 

(E) In the reduction of the three foregoing nitro-compounds (VII, VIII, IX; 
R = NO,) hydrogen under moderate pressure was used in the presence of a platinum 
catalyst; but when in the case of 1 : 2-pyrido-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline 

(VII, R = NO,), the gas pressure was raised, hydrogenation pro- 
ceeded further and a tetrahydro-derivative was obtained, which 
by analogy with a similar reduction product from 1 : 2-pyrido- 
7 : 9-dinitro-4 : 5-benz-1 : 3-diazaline (loc. cit., p. 1295) is formu- 
lated as 1: 2-tetrahydropyrido-7-amino-8 : 9-benzo-4 : 5-benz-1 : 3- 


a (X.) diazaline (X; R=NH,). The amino-group of this compound 


is still in an aromatic ring, as is shown by the fact that it can be 
successively diazotised and eliminated, leaving 1 : 2-tetrahydro-8 : 9-benzo-4 : 5-benz-1 : 3- 
diazaline (X, R = H). 
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EXPERIMENTAL, 
(I) Condensations of 2-Aminopyridine and Analogues with 1-Chloro-2 : 4-dinitrobenzene. 


Pyridine Series. Ring Closure of N-2' : 4'-Dinitrophenyl-2-aminopyridine.—Condensation 
of 2-aminopyridine (31 g.; 2 mols.) with 1-chloro-2 : 4-dinitrobenzene (34 g.; 1 mol.) in xylene 
solution (100 c.c.) is a great improvement both on the use of toluene as solvent and on the 
interaction of the two solids at 105=-120° (J., 1938, 1297). The precipitated product was 
extracted with hot water to dissolve aminopyridine hydrochloride and uncondensed amino- 
pyridine. When the crude N-2’: 4’-dinitrophenyl-2-aminopyridine (I) (29—30 g.) was 
crystallised from xylene, a dark brown residue (2 g.) remained. This by-product was dissolved 
in boiling 6n-sulphuric acid and reprecipitated by addition of aqueous ammonia. The substance 
crystallised from nitrobenzene in minute yellow needles tinged with green (m. p. > 280°). It 
has not, however, been examined further. 

1 : 2-Pyrido-7-nitro-4 : 5-benz-1 : 3-diazaline (II, R= NO,). A solution of N-2’: 4’-di- 
nitrophenyl-2-aminopyridine (I) (5 g.) in naphthalerie or in diphenyl (65 g.) was boiled under 
reflux in a metal-bath at 300—310° until oxides of nitrogen ceased to escape; much of the solvent 
had then sublimed on to the walls of the condenser. The cooled mass was warmed with 
n-hydrochloric acid. The crude yellow nitrodiazaline (3-0—3-5 g., m. p. 250°) precipitated with 
2n-ammonia from the filtered solution was free from N-2’ : 4’-dinitrophenyl-2-aminopyridine. 
When redissolved in n-hydrochloric acid at room temperature, filtered from a small amount of 
yellow solid, and reprecipitated with 2n-ammonia, the diazaline melted at 259° and after 
crystallisation from nitrobenzene it separated in feathery needles, m. p. 262—263° (Found : 
C, 61-9; H, 3-6; N, 19-8. C,,H,O,N, requires C, 62-0; H, 3-3; N, 19:7%), not depressed by 
admixture with the mononitrodiazaline (m. p. 262—263°) prepared (Joc. cit.) by transformation 
of picryl-2-aminopyridine into 1 : 2-pyrido-7 : 9-dinitro-4 : 5-benz-1 : 3-diazaline, reduction of 
this dinitrodiazaline to nitroaminodiazaline, and removal of the amino-group from the nitro- 
aminodiazaline by the diazotisation devised by Schoutissen (J. Amer. Chem. Soc., 1933, 55, 4535), 
followed by crystallisation of the product from nitrobenzene rather than from pyridine as 
described in the earlier communication (loc. cit.). . 

1 : 2-Pyrido-7-amino-4 : 5-benz-1 : 3-diazaline. The foregoing mononitrodiazaline (II, R = 
NO,) was reduced in alcoholic suspension by hydrogen in presence of platinic oxide over a pressure 
range 5 atms. -> 2:5 atms. to the corresponding 1 : 2-pyrido-7-amino-4 : 5-benz-1 : 3-diazaline, 
which crystallised from xylene in yellow feedles (Found : C, 71-7; H, 5-2; N, 23-25. C,,H,N; 
requires C, 72-1; H, 4-9; N, 22-95%), m. p. 227°. This m. p. was not depressed by admixture 
with the monoaminodiazaline (m. p. 229°) (Joc. cit.) prepared by ring closure of picryl-2-amino- 
pyridine to 1 : 2-pyrido-7 : 9-dinitro-4 : 5-benz-1 : 3-diazaline, reduction of the latter dinitro- 
diazaline to nitroaminodiazaline, elimination of the amino-group from the nitro-aminodiazaline, 
and catalytic reduction of the resulting mononitrodiazaline to the corresponding monoamino- 
diazaline, thus confirming that the nitroaminodiazaline into which the 7 : 9-dinitrodiazaline 
is converted by the action of sodium sulphide and sulphur is the 7-nitro-9-amino- and not the 
isomeric 9-nitro-7-amino-compound. 

1 : 2«Pyrido-4 : 5-benz-1 : 3-diazaline (II, R = H). Conclusive evidence of the diazaline 
structure of the foregoing monoamine (II, R = NH,) derived from N-2’ ; 4’-dinitrophenyl-2- 
aminopyridine (I) (v. supra) has been provided by diazotisation of this base (1-8 g.) in sulphuric 
acid (18 c.c., d 1°84) at 0° with sodium nitrite (1 g.) in sulphuric acid (10 c.c., d 1-84) in presence 
of phosphoric acid (30 c.c., d 1-75). The diazonium salt was precipitated with alcohol-ether, 
collected, and reduced with alcohol. After distillation of alcohol and acetaldehyde, the un- 
substituted base of the series was precipitated with sodium hydroxide solution (50%), crystallised 
from petroleum (b. p. 100—120°), from light petroleum (b. p. 40—60°), and finally sublimed to 
form colourless, long, slender needles m. p. 179° (Found: C, 78-4; H, 4-8; N, 17-1. Calc. for 
C,,H,N,: C, 78-6; H, 4:7; N, 16-7%), identical with 1 : 2-pyrido-4* 5-benz-1 : 3-diazaline 
(II, R = H) derived originally (loc. cit.) from picryl-2-aminopyridine. 

Quinoline Series. Ring Closure of N-2’ : 4'~Dinitrophenyl-2-aminoquinoline. N-2’ : 4’- 
Dinitrophenyl-2-aminoquinoline.—2-Aminoquinoline and 1-chloro-2: 4-dinitrobenzene (mole- 
cular proportions 2: 1) condense very slowly in boiling xylene solution but much more rapidly 
at the temperature of boiling nitrobenzene. When 2-aminoquinoline (12 g.), dissolved in nitro- 
benzene (100 c.c.), and 1-chloro-2 : 4-dinitrobenzene (8 g.) in nitrobenzene (30 c.c.) were boiled 
together under reflux for 5—6 hours and the yellow condensation product which separated from 
the cooled reaction mixture was freed from aminoquinoline hydrochloride and any unchanged 
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aminoquinoline by successive extraction with dilute hydrochloric acid and water, N-2’ : 4’- 
dinitrophenyl-2-aminoquinoline (7 g.) remained undissolved. It crystallised from xylene in 
minute orange needles, m. p. 221° (Found: C, 58-3; H, 3-2; N, 18-0. C,5H,,O,N, requires 
C, 58-1; H, 3-2; N, 181%). 

1 : 2-Quinolo-7-nitvo-4 : 5-benz-1 : 3-diazaline (III, R = NO,). Ring closure of N-2’: 4’- 
dinitrophenyl-2-aminoquinoline to 1 : 2-quinolo-7-nitro-4 : 5-benz-1 : 3-diazaline (III, R = NO,) 
was demonstrated by heating the former substance (1 g.) in a metal-bath. Brown fumes were 
evolved at 340—360°, yellow needles (0-03 g.) sublimed, and charring occurred. Recrystallised 
from nitrobenzene, the sublimate melted at 238°. When extracted with boiling xylene, the 
charred residue yielded an extract from which petroleum (b. p. 100—120°) precipitated yellow 
needles (0-15 g.) identical with the recrystallised sublimate. The m. p. of each specimen was 
depressed to 185—190° by the original N-2’ : 4'-dinitrophenyl-2-aminoquinoline, but not 
depressed by the mononitrodiazaline derived (Joc. cit.) from picryl-2-aminoquinoline. At the 
same time it was established that the 7 : 9(or 9 : 7)-nitro-aminodiazaline, an intermediate product 
of the picryl series, is the 7-nitro-9-amino-form. Accordingly the nitrodiazaline derived from it 
by eliminating the amino-group is 1 : 2-quinolo-7-nitro-4 : 5-benz-1 : 3-diazaline, which on 
catalytic reduction is transformed into the corresponding 7-amino-diazaline. 

When N-2’ : 4’-dinitrophenyl-2-aminoquinoline was heated at 340-—360°/20 mm., the 
sublimate of 1 : 2-quinolo-7-nitro-4 : 5-benz-1 : 3-diazaline (IV) was approximately 66% of the 
calculated amount. This crude nitrodiazaline, which was extracted with xylene from a dark 
green-yellow insoluble solid, crystallised from the same solvent in yellow needles (Found: C, 
68-1; H, 3-1; N, 15-85. C,,H,O,N, requires C, 68-4; H, 3-4; N, 16-0%), m. p. 243°, not 
depressed by the mononitrodiazaline (m. p. 243°) derived from ring closure of picryl-2-amino- 
quinoline (Joc. cit.) after elimination of one of the two nitro-groups from the resulting dinitro- 
diazaline. 

The non-volatile residue from the pyrolysis of N-2’ : 4’-dinitrophenyl-2-aminoquinoline at 
340—360°/20 mm. was purified by repeated crystallisation from nitrobenzene, solution in 
hydrochloric acid at room temperature (much charred matter remaining undissolved), neutralis- 
ation of the filtered solution with aqueous ammonia, and crystallisation of the yellow product 
from nitrobenzene to form minute needles which have not been identified with certainty. 

1 : 2-Owinolo-7-amino-4 : 5-benz-1 : 3-diazaline (III, R = NH,). Catalytic reduction at 70° 
with hydrogen initially at 31 atms. and in presence of platinic oxide (0-5 g.) of an alcoholic 
suspension (2000 ¢.c.) of the mononitrodiazaline (7-3 g.) prepared by ring closure of N-2’ : 4’- 
dinitrophenyl-2-aminoquinoline gave monoaminodiazaline (III, R = NH,) (6g.), which separated 
on evaporation of the filtered solution to small bulk and, after solution in 2n-hydrochloric acid 
at room temperature and precipitation with 2N-sodium hydroxide, crystallised from xylene in 
clusters of pale yellow needles (5 g.) (Found : C, 77-5; H, 4-8; N, 17-8; M, Rast, 287. C,,H,,N, 
requires C, 77-25; H, 4-7; N, 18-0%; M, 233), m. p. 233°, not depressed by the monoaminodi- 
azaline (m. p. 233°) derived from picryl-2-aminoquinoline (Joc. cit.). 

1 : 2-Owinolo-4 : 5-benz-1 : 3-diazaline (III, R = H).—Diazotisation of the foregoing mono- 
amine (III, R = NH,) (3-45 g.) in sulphuric acid (18 c.c., d 1-84) at 0° with sodium nitrite (1:5 g.) 
in sulphuric acid (15 c.c., d 1-84) in presence of phosphoric acid (50 c.c., d 1-75), precipitation of 
the diazonium salt with alcohol-ether, reduction of this with alcohol (150 c.c.) diluted with 
water (50 c.c.), distillation of alcohol and acetaldehyde, and precipitation of the filtered con- 
centrate with aqueous ammonia (d 0-88) gave a buff precipitate (3-1—3-2 g., m. p. 90°), the 
unsubstituted base of the series. After solution in cold 2n-hydrochloric acid, filtration through 
wood charcoal, and precipitation with 2n-ammonia, it crystallised from petroleum (b. p. 100— 
120°) in colourless needles (2-3 g., m. p. 95°), ftom light petroleum (b. p. 40—-60°) and finally 
from a large volume of alcohol—water in long slender needles, m. p. 102—-103° (Found: C, 
82-2; H, 5-1; N, 13-0; M, Rast, 254. Calc. for C,,H,,N,: C, 82-6; H, 46; N, 128%; M, 
218), identical with 1 : 2-quinolo-4 : 5-benz-1 : 3-diazaline (III, R = H) which was first prepared 
(loc. cit., p. 1303) by elimination of both amino-groups from 1 : 2-quinolo-7 : 9-diamino-4 : 5- 
benz-1 : 3-diazaline, the diamine obtained by catalytic reduction of 1 : 2-quinolo-7 : 9-dinitro- 
4: 5-benz-1 : 3-diazaline, the product of ring closure of picryl-2-aminoquinoline; and again 
from reduction of the dinitrodiazaline to nitroaminodiazaline and successive withdrawal of the 
two substituents from the latter product. 

isoQuinoline Series. Successive Elimination of Substituents from the Dinitrodiazaline. 
1 : 2(2’ : 1’)-isoQuinolo-7-nitro-9-amino (or 9-nitro-7-amino)-4 : 5-benz-1 : 3-diazaline —An emul- 
sion of 1 : 2(2’: 1')-isoquinolo-7 : 9-dinitro-4 : 5-benz-1 : 3-diazaline (V; R = R’ = NO,) (9 g.) 
in boiling acetone (250 c.c.) was reduced with sodium sulphide (9 g.) and sulphur (4-5 g.) in 
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boiling water (50 c.c.). The brick-red solid which remained after distillation of acetone was 
extracted with 6n-sulphuric acid and the relatively small amount which dissolved was precip- 
itated from the filtered solution with aqueous ammonia. The main bulk of solid remained 
undissolved as the yellow sulphate of the base and was suspended in hot water, to which was 
added 2N-ammonia in quantity sufficient to regenerate the brick-red nitroaminodiazaline. This 
was crystallised from pyridine, precipitation being completed by addition of water. The 
uniformity of the product was demonstrated by elimination of the amino-group from all three 
fractions of nitroaminodiazaline to give one and the same mononitrodiazaline, but there still 
remained need for distinguishing between 1 : 2(2’ : 1’)-isoquinolo-7-nitro-9-amino-4 : 5-benz- 
1: 3-diazaline (V; R = NH,, R’ = NO,) and the isomeric 9-nitro-7-aminodiazaline, both of 
which are possible products of the foregoing partial reduction of the dinitrodiazaline (V; R = 
R’ = NO,). 

1 : 2(2’ : 1')-isoQuinolo-7(or 9)-nitro-4 : 5-benz-1 : 3-diazaline—A solution of the preceding 
nitroaminodiazaline (10-5 g.) in sulphuric acid (100 c.c., d 1-84) was diazotised with sodium 
nitrite (3-8 g.) in sulphuric acid (38 c.c., d 1-84) by gradual addition of the mixed solutions at 
— 5° to well-cooled phosphoric acid (120 c.c., d 1-75). The yellow diazonium salt precipitated 
by addition of the diazo-solution to alcohol—ether was reduced with alcohol (200 c.c.), the major 
portion of the product—a red-brown solid—remaining undissolved. It was collected from the 
cooled suspension and extracted repeatedly with 6N-sulphuric acid, and the yellow nitrodiazaline 
(6-5 g., m. p. 264—267°) precipitated from acid solution with aqueous ammonia. From the 
main alcoholic filtrate, after distillation to remove alcohol and acetaldehyde, there was isolated 
by addition of 2N-ammonia a yellow solid, partly soluble in boiling 6N-sulphuric acid; neutralis- 
ation of the filtered solution yielded the mononitrodiazaline (1 g.). Crystallisation of the crude 
product from nitrobenzene gave 1 : 2(2’ : 1’)-isoqguinolo-7(or 9)-nitro-4 : 5-benz-1 : 3-diazaline in 
yellow needles, m. p. 271—272° (Found: C, 68-5; H, 3-2; N, 15-8. C,,;H,O,N; requires C, 
68-4; H, 3-4; N, 16-0%), the position of the nitro-group depending upon the orientation of the 
nitroaminodiazaline from which the amino-group had been withdrawn. 

1 : 2(2’ : 1’)-isoQuinolo-7(or 9)-amino-4 : 5-benz-1 : 3-diazaline—Reduction of a suspension 
of the foregoing mononitrodiazaline (7-5 g.) in absolute alcohol (2000 c.c.) preheated to 70°, by 
hydrogen initially at 31 atms. in presence of platinic oxide (0-5 g.) was extremely rapid. The 
filtrate from the suspended catalyst was distilled almost to dryness and the residual solid was 
collected, washed with light petroleum (b. p. 40—60°), dissolved in 2n-hydrochloric acid at room 
temperature, and precipitated from the filtered solution with 2N-ammonia. The base, colourless 
at first but pale yellow when collected, washed with water, and dried in a vacuum, crystallised 
from xylene in pale yellow needles (5 g.), m. p. 266—267° [Found: C, 77:3; H, 4-6; N, 18-2; 
M (Rast method), not determined, the base being insoluble in camphor. C,,H,,N;, requires C, 
77-25; H, 4:7; N, 18-0%]. 

Ring Closure of N-2’: 4'-Dinitrophenyl-1-aminoisoquinoline. N-2’ : 4’-Diniirophenyl-1- 
aminoisoquinoline (VI).—When a solution of 1-aminoisoquinoline (12 g.) in xylene (50 c.c.) was 
boiled under reflux with 1-chloro-2 : 4-dinitrobenzene (8 g.) dissolved in xylene (25 c.c.), 1- 
aminoisoquinoline hydrochloride (3 g.) separated and the solution developed a red colour. It is 
noteworthy that brown fumes of oxides of nitrogen were evolved after 2—3 hours if the mixed 
solutions were allowed to boil vigorously. At the end of 5—6 hours the reaction mixture was 
filtered while hot from 1l-amino/soquinoline hydrochloride and left to crystallise. The crude 
product (8-0—8-5 g.) was extracted twice with n-hydrochloric acid (100 c.c.) to dissolve un- 
changed aminoisoquinoline. N-2’ : 4'-Dinitrophenyl-1-aminoisoquinoline remaining undissolved 
was washed with water, dried, and crystallised from xylene, forming red needles, m. p. 230—231° 
(Found: C, 59-1; H, 3-5; N, 17-6. C,;H,,O,N, requires C, 58-1; H, 3-2; N, 181%). A 
small amount of yellow solid melting partially at 275—280° remained undissolved in xylene. 
The red needles were used without further purification for ring closure to the corresponding 
mononitrodiazaline, 

While still hot, the combined hydrochloric acid extracts were filtered again from freshly 
precipitated yellow needles. The latter were dissolved in 6n-sulphuric acid (250—300 c.c.) and 
precipitated from the filtered solution with aqueous ammonia, This solid (0-5 g.,m. p. >280°) 
has not yet been examined. : 

When 1l-aminoisoquinoline was recovered from the acid extracts by addition of excess of 
sodium hydroxide and purified by treatment with 2n-hydrochloric acid at room temperature, 
followed by addition of water to ensure complete solution of the hydrochloride of the base, a 
yellow solid remained undissolved. This was dissolved in 6n-sulphuric acid and reprecipitated 
(0-3 g.) with aqueous ammonia. It melted partially at 250—270° and possibly contained the 
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mononitrodiazaline product of ring closure of N-2’ : 4’-dinitrophenyl-l-aminoisoquinoline 
(v. infra), but it was not examined further. 

1 : 2(2’ : 1’)-isoQuinolo-7-nitro-4 : 5-benz-1: 3-diazaline (_V; R=H, R’ = NO,).—Ring 
closure of N-2’ : 4’-dinitrophenyl-l-aminoisoquinoline (VI) to this diazaline was demonstrated 
by distilling the dinitrophenyl compound (1 g.) at 340—360°/20 mm. and extracting both 
sublimate and residue with xylene. The undissolved charred residue has not been investigated, 
but the crude product from xylene solution (0-5 g.) melted at 262—-264° and by repeated crystall- 
isation from nitrobenzene formed yellow needles (Found : C, 67-9; H, 3-2; N, 15-7. C,;H,O,N; 
requires C, 68-4; H, 3-4; N, 16-0%), m. p. 271—272°, not depressed by the 7(or 9)-mononitro- 
diazaline (m. p. 271—272°) (v. supra) derived from 1 : 2(2’ : 1’)-isoquinolo-7 : 9-dinitro-4 : 5- 
benz-1 : 3-diazaline (V; R = R’ = NO,) by reduction to nitroaminodiazaline and withdrawal 
of the amino-group from the latter substance; this identity of the two preparations of mono- 
nitrodiazaline revealing in addition that the nitroaminodiazaline concerned is 1 : 2(2’: 1’)- 
isoguinolo-7-nitro-9-amino-4 : 5-benz-1 : 3-diazaline (V; R = NH,, R’ = NO,). 

When distillation was carried out on a larger scale it was difficult to avoid sublimation of a 
small amount of unchanged N-2’ : 4’-dinitrophenyl-l-aminoisoquinoline (VI) together with 
the more volatile mononitrodiazaline (_V; R = H, R’ = NO,), the m. p. of the crude product 
extracted with xylene (some 60% of the calculated amount of mononitrodiazaline) being 
depressed thereby to approximately 235—240° and raised only to 258—260° on crystallisation 
from nitrobenzene. Even so the latter product was reduced smoothly to the corresponding 
primary monoamine, which was isolated without difficulty and in a pure state from the reduction 
mixture. 

1 : 2(2’ : 1’)-isoQuinolo-7-amino-4 : 5-benz-1 : 3-diazaline (V; R =H, R’ = NH,).—Catalytic 
reduction of the nitrodiazaline (V; R =H, R’ = NO,) (6 g.), suspended in absolute alcohol 
(2000 c.c.) preheated to 60°, with hydrogen initially at 31 atms. and in presence of platinic oxide 
(0-5 g.) was rapid and complete. On concentration of the alcoholic filtrate to small bulk the 
colourless monoaminodiazaline (3-6 g.) separated. A smaller quantity, less pure, was collected 
by distillation of the concentrate (5 c.c.) to dryness, the residual solid being washed with light 
petroleum (b. p. 40—60°). Purified by solution in 2n-hydrochloric acid at room temperature 
and precipitation with 2N-ammonia, the crude base melted at 258—260°; recrystallisation from 
xylene gave very faintly yellow needles, m. p. 266—267° (Found: C, 77-2; H, 4-6; N, 18-4. 
C,5H,,N; requires C, 77-25; H, 4-7; N, 18-0%), not depressed by the mononitrodiazaline (m. p. 
266—-267°) derived from ring closure of picryl-l-aminoisoquinoline (IV) to the corresponding 
7: 9-dinitrodiazaline (V; R = R’ = NO,) (v. supra), reduction of the dinitrodiazaline to nitro- 
aminodiazaline (V; R = NH,, R = NO,), elimination of the newly formed amino-group, and 
catalytic reduction of the resulting nitrodiazaline to aminodiazaline, thus confirming that the 
latter monoamine is 1 : 2 (2’ : 1’)-isoquinolo-7-amino- and not 1 : 2(2’ : 1’)-isoquinolo-9-amino- 
4: 5-benz-1 : 3-diazaline. 

1 : 2(2’ : 1’)-isoQuinolo-4 : 5-benz-1 : 3-diazaline (V; R = R’ = H).—1: 2(2’ : 1’)-tsoQuinolo- 
7-amino-4 : 5-benz-1 : 3-diazaline (V; R =H, R’ = NH,) (1-75 g.)—the base obtained by 
catalytic reduction of the product of ring closure of N-2’ : 4’-dinitrophenyl-1-aminoisoquinoline 
(VI)—was dissolved in sulphuric acid (17 c.c., d 1-84) and diazotised with sodium nitrite (0-75 g.) 
in sulphuric acid (7-5 c.c., d 1-84) by gradual addition of the mixed solutions at 0° to phosphoric 
acid (30 c.c., d 1-75). The diazonium salt, precipitated by pouring the diazo-solution into 
alcohol-ether, was warmed with alcohol (75 c.c.); it gradually dissolved on reduction. The 
red filtrate from a small buff precipitate of water-soluble needles was distilled to remove alcohol 
and acetaldehyde; addition of 2N-ammonia to the residual liquid precipitated a buff-pink 
solid (1-6—1-7 g., m. p. 120°), from which colourless needles (1-2 g., m. p. 127—128°) were 
obtained by extraction with petroleum (b. p. 100—120°). Recrystallisation from the same 
solvent raised the m. p. to 129°, at which value it remained on crystallisation from light petroleum 
(b. p. 40—60°) (Found: C, 82-4; H, 4-5; N, 13-0; M, Rast, 235. Calc. for C,,;H,)N,: C, 
82-6; H, 46; N, 128%; M, 218). This unsubstituted diazaline (V; R= R’ = H) was 
identical not only with that of m. p. 129° (Found: C, 82-45; H, 4:2; N, 12-9%; M, Rast, 247) 
prepared in precisely similar manner from the monoamine resulting from elimination of the 
amino-group from 1 : 2(2’ : 1’)-isoquinolo-7-nitro-9-amino-4 : 5-benz-1 : 3-diazaline (V; R= 
NH,, R’ = NO,) and catalytic reduction of the mononitrodiazaline formed thereby (v. supra) 
but also with that of m. p. 129° prepared originally (loc. cit.) by reduction of the bis-diazonium 
salt of 1 : 2(2’ : 1’)-isoquinolo-7 : 9-diamino-4 : 5-benz-1 : 3-diazaline, the diamine derived from 
the dinitrodiazaline (V; R = R’ = NO,), the product of ring closure of picryl-l-aminoiso- 
quinoline (IV) with loss of the elements of nitrous acid. 
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(Il) Condensations of 2-Aminopyridine and Analogues with 1-Chloro-2 : 4-dinitronaphthalene. 


Providing that the temperature of reaction was closely controlled, 1-chloro-2 : 4-dinitro- 
naphthalene was more readily accessible by the interaction of molecular proportions of 2; 4- 
dinitro-«-naphthol and toluene-p-sulphonyl chloride in diethylaniline as described by Ullmann 
and Bruck (Ber., 1908, 41, 3932) than by successive nitration of toluene-p-sulphonyl-«-napbthyl- 
amine, hydrolysis of the resulting dinitro-derivative to 2 : 4-dinitro-c-naphthylamine (Ullmann 
and Bruck, loc. cit.), diazotisation of this as described by Hodgson and Walker (J., 1933, 1620), 
and decomposition of the diazonium chloride with cuprous chloride. 

Pyridine Series. N-2' : 4'-Dinitro-\'-naphthyl-2-aminopyridine.—2-Aminopyridine (30 g.; 
2 mols.) condensed with 1-chloro-2 : 4-dinitronaphthalene (40 g.; 1 mol.) more satisfactorily 
in xylene solution (150 c.c.) than in benzene. Aminopyridine hydrochloride separated during 
the condensation, N-2’ : 4’-dinitro-1'-naphthyl-2-aminopyridine when the reaction mixture was 
cooled. The mixed product was digested with hot water to dissolve the former solid; the 
latter (45 g.) crystallised from xylene in yellow needles (40 g.), m. p. 192°, but was sufficiently 
pure after aqueous extraction of aminopyridine ae for conversion into the corre- 
sponding mononitrodiazaline (VII, R = NO,). 

When investigating the relative reactivity of aromatic ia aaiiannna in ethyl-alcoholic 
solution, Mangini condensed 2-aminopyridine and 1-chloro-2 : 4-dinitronaphthalene (Ait R. 
Accad. Lincei, 1937, 25, 387). The reaction proceeded slowly during 30 hours, the yield of 
N-2’ : 4'-dinitro-1'-naphthyl-2-aminopyridine (m. p. 189—190°) not exceeding 10% of the 
calculated amount. 

1 : 2-Pyrido-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (VII, R = NO,).—N-2’ : 4’-Dinitro- 
1’-naphthyl-2-aminopyridine (10 g.) in nitrobenzene (20 c.c.) was boiled in a metal-bath at 220° 
for ca. 1 hour, until the rapid evolution of oxides of nitrogen ceased. Golden-yellow needles of 
1 : 2-pyrido-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (3-4—3-5 g., m. p. 236—238°) crystallised 
from the cooled mass and were washed with alcohol. Recrystallised from nitrobenzene, they 
melted at 240—241° (Found: C, 686; H, 3-6; N, 16-2. C,,H,O,N, requires C, 68-4; 
H, 3-4; N, 16-0%). 

1 : 2-Pyrido-7-amino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline—The foregoing mononitrobenzo- 
diazaline (7 g.), suspended in alcohol (1400 c.c.) preheated to 70°, was reduced in presence of 
platinic oxide (0-7 g.) with hydrogen initially at 5 atms. The resulting solution, after filtering 
from catalyst, was concentrated almost to dryness; the base which separated (4-5 g., m. p. 
232—234°) was washed with light petroleum (b. p. 40—-60°) and crystallised from xylene to form 
pale yellow, feathery needles, m. p. 238—-239° (Found : C, 77-7; H, 4-6; N, 17:9; M, Rast, 323. 
C,,H,,N, requires C, 77-25; H, 4-7; N, 18:0%; M, 233). 

1 : 2-Tetvahydropyrido-7-amino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (X, R = NH,).—The 
mononitrobenzodiazaline (VII; R = NO,) (10 g.), suspended in absolute alcohol (2000 c.c.), 
was treated at 70° in presence of platinic oxide (1 g.) with hydrogen initially at 32 atms. until 
absorption of gas ceased. The pasty mass which remained on concentration of the filtered 
solution solidified (5-1 g., m. p. 210—220°) on addition of light petroleum (b. p. 40—60°). 
Crystallisation from xylene formed yellow needles, m. p. 228—230° (Found: C, 76-8; H, 

1; N, 17-4. C,;H,,N, requires C, 75-95; H, 6-3; N, 17-7%). That this nuclear hydrogen- 
ation is restricted to the dihydropyridine ring of the diazaline nucleus is confirmed by the 
following experiment under higher pressure. A solution of the base (X, R = NH,) (5 g., m. p. 
228—-230°) in absolute alcohol (1000 c.c.) was submitted at 70° in presence of platinic oxide 
(0-5 g.) to hydrogen at 70 atms. The crude product (4-8 g., m. p. 219°), isolated in the foregoing 
manner from the concentrate, crystallised from xylene in needles, m. p. 226—227° (Found : C, 
76-45; H, 6-0; N, 17-83%; M, Rast, 300), not depressed by admixture with the original base 
(X, R = NH,) of m. p. 228—230° but depressed to 195—-210° by admixture with 1 : 2-pyrido- 
7-amino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (VII, R = NH,) of m. p. 238—239°. 

1 : 2-Pyrido-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (VII, R = H).—A solution in sulphuric 
acid (23 c.c., d 1-84) of the monoamine (VII, R = NH,) (2-3 g.) derived by catalytic reduction 
with hydrogen at 5 atms. of the nitrobenzodiazaline (VII, R = NO,) was diazotised at 0° with 
sodium nitrite (1 g.), dissolved in sulphuric acid (10 c.c., d 1-84), in presence of phosphoric acid 
(30 c.c., d 1-75). The colourless diazonium salt, which on precipitation with alcohol-ether 
turned pale yellow, was dissolved in water (50 c.c.) and reduced with alcohol (150 c.c.). The 
filtered solution, distilled to remove alcohol and acetaldehyde, was treated with aqueous 
ammonia (d 0-88), and the buff precipitate (1-7 g.) extracted with petroleum (b. p. 100—120°). 
The extract deposited a very pale yellow base (1-25 g., m. p. 183—184°); crystallisation from 





[1939] and Allied Compounds (Cyclic 1:3-Diazalines). Part II. 1065 


the same solvent raised the m. p. to 187° (Found: C, 81:9; H, 4:9; N, 12-85; M, Rast, 238. 
C,5H9N, requires C, 82-6; H, 4-6; N, 128%; M, 218). 

1 : 2-Tetvahydropyrido-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (X, R = H).—Similar diazotis- 
ation of the tetrahydro-base (X, R = NH,) (1-8 g.) prepared catalytically from the mono- 
nitrobenzodiazaline (VII, R = NO,) under 32 atms.’ pressure of hydrogen proceeded less 
smoothly and the crude product was dark and sticky. The colourless unsubstituted diazaline 
extracted therefrom with petroleum (b. p. 100—120°) crystallised from the same solvent and 
melted at 158—159° (Found: C, 80-9; H, 6:1; N, 13-2. C,;H,,N, requires C, 81-1; H, 6-3; 
N, 12-6%). 

Quinoline Series. N-2’ : 4'-Dinitro-1'-naphthyl-2-aminoquinoline.—Addition of a solution 
of 1-chloro-2 : 4-dinitronaphthalene (20 g.) in xylene (40 c.c.) to aminoquinoline (23 g.) dissolved 
in xylene (60 c.c.) caused immediate precipitation of yellow solid. The mixture was boiled 
under reflux for 1 hour and cooled, and the product collected. The solid (22 g.) remaining 
after extraction with bailing water to dissolve aminoquinoline hydrochloride was very sparingly 
soluble in xylene, separating in orange-yellow needles, m. p. 262° (Found: N, 15-5. C,,H,,0,N, 
requires N, 15-55%), and was used without further purification for ring closure to the 
corresponding nitrobenzodiazaline (VIII, R = NO,). 

1 : 2-Quinolo-7-niiro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (VIII, R = NO,).—A mixture of 
N-2’ : 4'-dinitro-1’-naphthyl-2-aminoquinoline (5 g.) and diphenyl (10 g.) was heated under 
reflux in a metal-bath for l hour. Oxides of nitrogen and water vapour were evolved simul- 
taneously at 220—230°, the reaction tending towards sudden violence, but although the temper- 
ature of the bath was raised ultimately to 260—265° there was no further evolution of brown 
fumes at the higher temperature. The cooled mass was extracted with hot alcohol to remove 
diphenyl, and the undissolved nitrobenzodiazaline (VIII, R = NO,) (2-7 g.) crystallised from 
nitrobenzene, forming pale yellow needles, m. p. >280° (Found: N, 13-8. C, ,H,,O,N, requires 
N, 13-4%). 

1 : 2-Quinolo-7-amino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline——The mononitrobenzodiazaline 
(VIII, R = NO,) (5 g.), suspended in absolute alcohol (1000 c.c.) preheated to 70°, was reduced 
catalytically in presence of platinic oxide (0-5 g.) with hydrogen initially at 31 atms.; the result- 
ing solution of monoaminobenzodiazaline had a vivid green fluorescence. The crude base isolated 
from the concentrate was very sparingly soluble in 2N-sulphuric acid or 2N-hydrochloric acid even 
at the b. p., but addition of a few drops of hydrochloric acid (d 1-2) to the base suspended in 
water sufficed to produce a clear yellow-green solution. The aminobenzodiazaline was repre- 
cipitated with 4n-ammonia; crystallisation from xylene gave yellow needles, m. p. 244—245° 
(Found: C, 80-65; H, 4-6; N, 14-8; M, Rast, not determined, the base being insoluble in 
camphor. C,,H,,N, requires C, 80-6; H, 4-6; N, 148%). 

1 : 2-Quinolo-8 : 9-benzo-4 : 5-benz-1: 3-diazaline (VIII, R = H).—1: 2-Quinolo-7-amino- 
8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (VIII, R = NO,) (1-4 g.), dissolved in sulphuric acid 
(14 c.c., d 1-84), was diazotised with sodium nitrite (0-5 g.) in sulphuric acid (5 c.c., d 1-84) by 
addition of the mixed solutions at 0° to phosphoric ecid (20 c.c., d 1-75). On distillation of 
alcohol and acetaldehyde from the clear solution formed by reducing a suspension in alcohol 
(150 c.c.) and water (50 c.c.) of the yellow diazonium salt, precipitated with alcohol-ether from 
the diazo-solution, a buff-pink solid separated from the cooled concentrate. A solution of this 
product in boiling 2n-sulphuric acid (200 c.c.) was filtered into 2n-sodium hydroxide, and the 
resulting base extracted with petroleum (b. p. 100—120°); the unsubstituted diazaline (m. p. 
164—-166°) from the petroleum extract crystallised from the same solvent in buff needles, m. p. 
166°, which darkened on exposure (Found : C, 85-15; H, 4-7;,N, 10-4; M, Rast, 290. C, H,,N, 
requires C, 85-1; H, 4:5; N, 10-45%; M, 268). 

isoQuinoline Series. N-2' : 4'-Dinitro-1'-naphthyl-1-aminoisoquinoline.—Mixed solutions of 
l-aminoisoquinoline (58 g.) in xylene (150 c.c.) and 1-chloro-2 : 4-dinitronaphthalene (50 g.) in 
xylene (100 c.c.) were boiled under reflux for 1 hour, then cooled to allow completion of the 
separation of the products of reaction. The solid (60 g.) remaining after extraction of l-amino- 
isoquinoline hydrochloride with boiling water crystallised from xylene in nodules of flattened 
needles, m. p. 232° (Found: C, 64:2; H, 3-9; N, 14:8. C,.H,,0,N, requires C, 63-3; H, 3-3; 
N, 15-55%), and was used without further purification for transformation into the nitrobenzo- 
diazaline (IX, R = NO,), oxides of nitrogen having been observed during the foregoing 
condensation. 

1 : 2(2’ : 1’)-isoQuinolo-7-nitro-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (IX, R = NO,).—The fore- 
going N-2’ : 4’-dinitro-1’-naphthyl-l-aminoisoquinoline (15 g.) was boiled under reflux in a 
metal-bath at 245—250° with nitrobenzene (50 c.c.) containing phenol (15 g.) until oxides of 
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nitrogen were no longer evolved. The golden-yellow mononitrobenzodiazaline (IX, R = NO,) 
(3 g.) which separated from the cooled mass was washed with alcohol and crystallised from 
nitrobenzene, forming feathery plates, m. p. >280° (Found: C, 73-1; H, 3-7; N, 13-4. 
C,,H,,0,N, requires C, 72-8; H, 3-5; N, 13-4%). A solid precipitated with alcohol from the 
nitrobenzene—phenol filtrate has not been further examined. 

1 : 2(2’ : 1’)-isoQuinolo-7-amino-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (IX, R = NH,).—The 
mononitrobenzodiazaline (VIII, R = NO,) (10 g.), suspended in alcohol (2000 c.c.) preheated to 
70°, was reduced in presence of platinic oxide (1 g.) with hydrogen initially at 70 atms. The 
major portion of the product separated from the concentrate; the remainder was isolated by 
addition of 2n-hydrochloric acid to the filtrate from this separation and precipitation of the 
solution with 2n-ammonia. The whole was redissolved in 2N-hydrochloric acid, precipitated 
with 2N-ammonia, washed with water, and boiled with a small amount of petroleum (b. p. 100— 
120°). The base was very sparingly soluble in benzene, but more soluble in xylene, separating 
from solution in minute, almost colourless needles, m. p. 252—253°. It was precipitated from 
solution in pyridine by addition of water [Found : C, 80-6; H, 4:8; N, 14-6; M, Rast, 338 (not 
a very accurate determination, the base darkening in camphor). C,,H,,;N, requires C, 80-6; 
H, 4:6; N, 148%; M, 283]. 

1 : 2(2’ : 1')-isoQuinolo-8 : 9-benzo-4 : 5-benz-1 : 3-diazaline (IX, R =H).—The foregoing 
monoaminobenzodiazaline (2-8 g.), dissolved in sulphuric acid (40 c.c., d 1-84), was diazotised 
with sodium nitrite (1 g.) in sulphuric acid (10 c.c., d 1-84), the mixed solutions being added at 
—65° to phosphoric acid (40 c.c., d 1-75). The colourless diazonium salt, precipitated with 
alcohol-ether, darkened rapidly. It was reduced in aqueous solution (50 c.c.) with alcohol 
(150 c.c.) and after distillation of alcohol and acetaldehyde the resulting red solution was filtered 
from a small quantity of suspended solid and made alkaline with 4n-ammonia. The almost 
colourless product (1-5 g.), which darkened on exposure, was extracted with petroleum (b. p. 
100—120°) ; the base (0-7 g.) from the extract was crystallised from the same solvent and finally 
from light petroleum (b. p. 40—60°), melting ultimately at 184° but shrinking slightly at 170° 
(Found: C, 84-7; H, 4-7; N, 10-3; M, Rast, 315. C,,H,,N, requires C, 85-1; H, 4:5; N, 
10-45% ; M, 268). 
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NOTES. 


The Thermal Decomposition of Chloromercuric B-Ethoxyethanesulphonate. By James D. Loupon 
and NATHAN SHULMAN. 


Tus investigation was undertaken in the hope of synthesising 8-ethoxyethylmercurichloride 
(I, R = Et) and of providing thereby decisive evidence bearing on the disputed structure (I or 
II) of the products obtained by the interaction of ethylene and mercuric chloride in aqueous or 
(I.) OR-CH,°CH,*HgCl SO,°CH,°CH,"OEt 
NO, (III.) 


(1.) (CH,:CH,),HgCl(OR) 
No, 


alcoholic solution (for R = Et, cf. Schoeller, Schrauth, and Essers, Ber., 1913, 46, 2868; and 
general summary by Nesmajanow and Freidlina, Ber., 1936, 69, 2019). Unfortunately, the 
essential synthetic step, viz., 

OEt-CH,°CH,°SO,Na + HgCl, —> OEt-CH,°CH,°HgCl + NaCl + SO, 


(cf. Loudon, J., 1933, 823; 1935, 535) could not be realised, since chloromercuric B-ethoxyethane- 
sulphinate, OEt-CH,-CH,*SO,-HgCl, produced in the initial stage of the reaction, decomposed 
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on heating to give ethylene—identified as bis-(2 : 5-dichlorophenylthio)ethane [*CH,*S°CgH,Cl,], 
—instead of the expected mercurial. Moreover, test experiments showed that Schoeller’s 
compound (I or II, R = Et) was not an intermediary in the reaction, since under similar con- 
ditions it was recovered unchanged, and only yielded ethylene at considerably higher temper- 
atures. The decomposition of the sulphinate appears, therefore, to be analogous to the formation 
of olefins, instead of Grignard compounds, from the action of magnesium on §-halogenoalkyl 
ethers (Boord e al., J. Amer. Chem. Soc., 1930, 52, 651, et seqg.; Tallman, ibid., 1934, 56, 126). 

Sodium B-ethoxyethanesulphinate was prepared for these experiments by a procedure which 
is of advantage when the corresponding thiol is more readily available than the sulphonyl 
chloride or when reduction of the latter is unsatisfactory. §-Ethoxyethylthiol was converted 
into the 2 : 4-dinitrophenylthio-ether and thence by oxidation into the sulphone (III), from which, 
after scission with piperidine and treatment with alkali, the required sulphinate was obtained 
in good over-all yield. 

2:4-Dinitrophenyl B-ethoxyethyl sulphide. An alcoholic solution (10-6 g. in 50 c.c.) of 
B-ethoxyethylthiol (Boord and Swallen, Joc. cit.) was treated with an aqueous solution of sodium 
hydroxide (4 g. in 10 c.c.) and added slowly to 2: 4-dinitrochlorobenzene (20 g.) dissolved in 
cold dioxan. Sodium chloride and some bis-2 : 4-dinitrophenyl disulphide separated, and after 
filtration, the filtrate deposited the required product, which crystallised from alcohol in yellow 
needles, m. p. 65—66° (Found: N, 10-1. Cj, 9H,,0,;N,S requires N, 10-3%). The correspond- 
ing sulphone (III), m. p. 97°, was obtained by oxidising the sulphide with hydrogen peroxide 
in acetic acid (Found: N, 9-2. C, 9H,,0,N,S requires N, 9-2%). 

Chloromercuric B-ethoxyethanesulphinate. The sulphone (III) was heated with piperidine 
(2 mols.) in benzene solution for 5 minutes. After cooling, the solution was shaken with water 
containing just less than 1 mol. of sodium hydroxide, and the aqueous extract was concentrated 
somewhat to ensure removal of piperidine. At this stage the presence of the sodium salt of the 
required acid was demonstrated by heating a portion of the aqueous solution with 2 : 4-dinitro- 
chlorobenzene in alcohol, whereby the sulphone (III) was regenerated. The remainder of the 
sulphinate solution was treated hot with a solution of mercuric chloride in warm water, yielding 
the product as crystalline flakes, which were collected, washed, and dried in a vacuum desiccator 
(Found: Cl, 9-5; Hg, 53-4. C,H,O,CISHg requires Cl, 9-5; Hg, 53-75%). 

The dry salt slowly decomposed at room temperature with formation of mercurous salts, 
and yielded sulphur dioxide on being heated. The formation of ethylene, when a suspension 
of the substance was refluxed in water or in an aqueous medium buffered to py 7, was shown by 
passing the evolved gases through a cold alcoholic solution of bromine, followed by addition of 
sodium hydroxide in slight excess, and by formation of the bis-thioether (cf. below). No 
organic mercury derivative could be detected at any stage of the experiments. A very rapid 
evolution of ethylene occurred when the salt or Schoeller’s compound was heated under reflux 
in ethylene glycol. 

Bis-(2 : 5-dichlorophenylthio)ethane. An aqueous-alcoholic solution containing ethylene 
dibromide (1 mol.), 2: 5-dichlorophenylthiol (2 mols.), and sodium hydroxide (2 mols.) was 
gently warmed for 5 minutes. On cooling, the product separated; it crystallised from acetic 
acid in colourless plates, m. p. 125°. The samples obtained from the decomposition experiments 
had the same m. p. and mixed m. p. (after being washed with alcohol to remove contaminating 
bis-2 : 5-dichlorophenyl disulphide) (Found: C, 44:1; H, 2-5. C,H Cl,S, requires C, 43-75; 
H, 2-6%). 


Acknowledgment is made to the Chemical Society for a research grant, and to the Carnegie 
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[Received, March 31st, 1939.] 





Decompositions of Certain Diazo-perbromides derived from Azobenzene. By P. P. Horr and 
R. J. W. Le Févre. 


In the decomposition of the diazo-perbromides from 4-amino- and 2 : 4-diamino-azobenzenes 
we have found that, under certain conditions, simultaneous replacement of N,Br, by Br and 
bromination in other parts of the molecule can occur. A useful method is thus available for 
the small-scale preparation of a number of bromo-azo-compounds which are inconvenient to 
obtain by the ordinary Sandmeyer reaction because of the inaccessibility of the necessary 


polyamines. 
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(1) Aminoazobenzene hydrochloride (23-5 g.) was suspended in water (500 c.c.) containing 
sulphuric acid (35 g.), a solution of sodium nitrite (15 g.) added, and the mixture kept for 24 
hours at room temperature. To the filtered red solution, bromine (25 c.c.) in hydrobromic 
acid (d 1-7; 100 c.c.) was added slowly with stirring. The first-formed emulsion slowly 
solidified to purple crystals (yield, 80%) of azobenzene-4-diazo-perbromide, m. p. ca. 62° 
(decomp.). 

This perbromide (14 g.) was refluxed in acetic acid (250 c.c.) for about 20 minutes, nitrogen 
and bromine being evolved. On cooling, 4: 4’-dibromoazobenzene crystallised; it was 
recrystallised from acetic acid and washed with alcohol; yield 9 g., m. p. 206° (Werigo, Annalen, 
1873, 165, 199). 

When absolute alcohol was used in place of acetic acid, no bromine evolution occurred and 
4-bromoazobenzene (3 g.) separated on cooling, m. p. 89° after recrystallisation, 

The identities of the last two preparations were established by mixed m. p. determinations 
with authentic specimens. 

The perbromide (1 g.) was heated at about 60°; when the evolution of bromine was complete, 
the residue was found to be almost entirely 4-bromoazobenzene, requiring only one crystallis- 
ation from aqueous alcohol. 

(2) 2: 4-Diaminoazobenzene (2 g.), dissolved in water (150 c.c.) and sulphuric acid (7 g.), 
was cooled and diazotised with solid sodium nitrite (1-5g.). The red solution gradually deposited 
crystals; these were collected after 24 hours, dissolved in water (600 c.c.), and treated with 
bromine (5 c.c.) in hydrobromic acid (d 1-7; 20 c.c.). After 2 hours the rust-red precipitate 
(yield, 90%) of the diperbromide was collected, m. p. about 109° (decomp.). 

This substance (2 g.), when refluxed in acetic acid, gave no bromine but was partly trans- 
formed into an insoluble material (0-8 g.), m. p. above 290°. From the filtrate, by dilution, a 
red powder, m. p. 145—146° after several recrystallisations from alcohol, was obtained; this 
was apparently 2: 4: 4’-tribromoazobenzene (Valori, Atti R. Accad. Lincei, 1913, 22, 131). The 
decomposition, when performed in alcohol, again produced the insoluble substance, but from 
the filtrate 2: 4-dibromoazobenzene, m. p. 95—96°, was obtained in small yield (cf. Valori 
loc. cit.). Thermal decomposition without a solvent seemed to give the same unidentified 
substance as that formed in the two previous experiments (Found: C, 49-7; H, 3-2; N, 15-6; 


Br, 28-1%).—Tue Str Witt1aM RAMSAY AND RALPH FORSTER LABORATORIES, UNIVERSITY 
CoLLEGE, Lonpon, W.C.1. [Received, May 9th, 1939.] 








